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Lesson One

Text
The Earth (1)

From classical times it has been known that the earth is roughly spherical in shape. Actu-
ally, the planet is shaped more like a slightly flattened ball whose polar radius is about 21
km shorter than its equztorial radius. The average radius is 6371 km. The earth’s specific
gravity is 5. 5. Tt is 5.5 times as heavy as an equal volume of water. This specific gravity
is greater than that of any other planet in the solar system. but not appreciably different
from that of Mercury, Venus, and Mars. Because the average specific gravity of surface
rocks is only about 2. 7. the material existing deep within the earth must have a specific
gravity well in excess of the 5. 5 average. Very likely, the material at the earth’s center has
a specific gravity as high as about 15.

The splendid photographs of the earth taken from space by the Apollo astronauts re-
mind us that our planet is more than a rocky globe orbiting the sun. Whispy patterns of
white clouds abuve the azure blue color tell us of the presence of an atmosphere and hydro-
sphere. Here and there one can even discern patches of ran thac indicate the existence of
continents. Greenish hues provide evidence of the planet’s most remarkable feature; there

is life on earth,
THE ATMOSPHERE

We live beneath a thin but vital envelope of gases called the atmosphere., We refer 10 these
gases as a/r. “Pure air” is composed mainly of nitrogen (78. 03%) and oxygen (20. 99%).
The remaimng . 98% of air is made of argon,carbon dioxide ,and minute quantities of oth-
er gases. One of these “other” components found mostly in the upper atmosphere is a form
of oxygen called ozone. Ozone zbsorbs much of the sun’ lethal ultraviolet radiation, and is
thus of critical importance to organisms on the surface of the earth. .Air also contains from
.1 per ceny to 5.0 per cent of water vapor. However, because rhis moisture content 15 so
variable, ir is not usually included in lists of atmospheric components.

Each day. the atmosphere receives radiation from the sun. This solar radiation pro-
vides the cnergy that heats the atmosphere and drives the winds.

Distribation of sclar radiation is one of the most important factors in determining the

various kinds of climate we experience on the earth.
THE HYDEREOSPHERE

The discontinuous envelope of water that covers 71 per cent of earth’s surface is called the
!



hydrosphere. It includes the ocean. as well as water vapor. the waier comained in streams
and liakes,water frozen in glaciers ,and water that cccurs underground in the pores and cav-
iies of rocks. I surface irregulanties such as continents and deep oceanic hasins and
trenches were smonthed gut, water would completely cover the earth to a depth of more
than two kiloneters.

Water is an exceedingly important geclogic agent. Glaciers composed of water m its
solid form alter the shape of the land by scouring , transporting sand depositing rock debris,
Because water has the property of dissolving many natural compounds. 1t contributes ~iyg
nificantly to the decomposition of rocks and, therefore, 1o 1he’development of soils on
which we depend for food. Warer maving relentlessly down hill as sheetwash. in rills . and
in sireams . locsens and carries away the particles of rock to lower w where they
are deposited as layers of sediment. Clearly, the process of sculpturing our landscapes is
primarily dependent upon water.

By far the greatest part ol the hydrosphere is contained within the ocean basins.
These basins are of enormous interest to geologists. who have discovered that they are not
permanent and immobile as once believed, but rather are dynamic and ever changing.
There is ample evidence that the sea floors move, and that these movements have a direct
relation 1o the formetion of mountains, chains of volcanoes, deep sea trenches and mid-
ovean ridges. In the ocean are collected the layers of sediment from which geologists deci-
pher earth history. Here also one finds mineral rescurces and clues to the location of ore
dcpdsm“léewhere on the planet. The ocean provides part of our food supply and has a
pg{v‘asive influence un the climate we experience.

(From Contemporury Phyvical Geolngy, An Overview of the Third Planet, pp6i—7)

New Words and Expressions
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Notes to the Text

1. In the ocean are collected the layers of sediment from which geologists decipher earth
history. {EM¥E. R T HEFRFELEN B OTRESRE.
f#|#4), F5H the layers of sediment.

2. Here also one finds mineral resources and clues 1o the location of ore deposits elsewhere

on the planet. X E R AT = EMT RERK HH,
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TARRAD H ] el — R AR F . 3R T e ER A R A B B . T
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B E SRR R AR EE R TR T R R AR G T MR
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1A B4 I E BB E L, X R e,

A affix) HHFANSAEET A (refix). FE Guffix), FEH (semi
sufflix), 4 Gnfix) O,

XFiE R &AL RBENRRMNHEHERL. BERFLIESFINMER.

Exercises

1. Question for review,
1) What is the general shape of the earth?
2) What is the atmosphere composed of ?
3) What is the hydrosphere?
4) Why must the material existing deep within the earth have a specific gravity well
in excess of the 0. 0 average?
3) Where does the greatest part of the hydrosphere exist?
2. Complete the following sentences by choosing appropriate prepositions given below;

in, on, behind, at, with, above, in front of , under, as, around

1) The earth is slightly flattened _ the poles.

2) You might think of the earth _____ being constructed much like a baseball
a two-layered cores, a thick layer  the core and a thin skin __ the sur-
face.

3)The outer core is believed 1o be composed mostly of iron and nickel . a molten

1



state ___a very high temperatare.

1) The most commen element __ _ the crust of the earth is oxygen,
5) The mountainis 2.5 miles ___ sea level.

6) There is a yard the house, and a gardent __ it.

71 There is a bridge ~ the river.

3. Choose the correct form from the alt=rnatives in brackets for each of these sentences

1) The earth which we __ on is a ball of matter about 7927 miles in dizmeter. '
(are living, have lived, live)

23 The earth round the sum.
(is moved. moves, moved)

3) The earth
(is consisted . consists. is consisting)

4) What  the earth made of ¢

__ of three parts.

(is, are, was )
5) The atmosphere _ of oxygen and nitrogen.
(is composed mostly, is consisted mostly, has been made up)
4. Choose one of the following adverbs for each of the sentences below ;
generally, perfectly, presently, heavily, regularly. actually. nearly, probably
1) lam coming
2> TIris __ eight o'clock,
3) __ __ speaking. it is not cold here in winter.
4) Trwill _ rain tonight.
5} The earthisnot _ _round.
5. Translate the {ollowing passage into Chinese .
The discontinuous envelope that covers 71 percent of the earth’s surface 1= called
the hydrosphere. Tt includes the ocean. as well as water vapor, the water contained n
streams and lakes, water frozen in glaciers, and water thar occurs underground in the
pores and cavities of rocks. If surface irregularities such as continents and deep oceanic
basins and trenches were smoothed out, water would completely cover the earth to 2
depth of more than two kilometers.
6. Translate the following sentences inte English;
D MR AREILEHA.
2) MEEIESHMAFAEEEE. ithosphere)
3) MUREREHITSEETHRE 4~10 HH,
O KMEIAEHBRTE FRIFATHERANREENEE,
5) KA S R IR U F B R AR A B SR AL

&3]



Reading Material
The Earth (1. )

THE LITHOSPHERE AND THE “SPHERES” BENEATH

Somewhat like the concentric shells of an onion, the solid earth is composed of a series of
layers. As will be described in a later chapter. the existence of these layers has been de-
duced from the study of earthquake waves which have passed through the earth. Ar the
snrface is the thin outer shell known as the crust. The base of the crust is defined by a
plane below which the velocity of certain earthqueke waves is significantiy greater than in
the rocks above. A plane of this kind is called a seismic discontinuity, and the seismic dis-
continuity at the botiom of the crust has been named the Mohorovicic discontinuity after
its discoverer,

The crust of the earth really consists of two kinds of rock, each with its own distine-
tive general composition, thickness, and density. The continental crust has a composition
somewhat similar to granite, has a relatively low density, and ranges in thickness from
about 35 1o 60 kilometers. The crust beneath the ocean basins is somewhat denser, rarely
cxceeds 5 km in thickness, and is composed of blackish rocks similar to those that form the
Tlawailan Islands.

By analogy to the fleshy layer that secretes the hard shell of a clam, the layer beneath
the earth’ crust is called the mantle. The mantle kas not yet been penetrated by drilling,
but earthgquake data indicate that it extends from the base of the crust to a depth of about
2800 km. It comprises nearly 83per cent of the earth™ volume. At the base of the mantle
is yet another discontinuity that serves as the boundary between the mantle and the core.
(eophysicists have recognized twe parts of the core; a liquid outer zone and a solid inner
core. Both parts are believed 1o be composed mainly of iron and nickel. As we have noted
earlier, the specific gravity of the earth as a whole is greater than that of the common rocks
making up i1s outer parts. Thus, we may conclude that the material of the core is indeed
heavy.

Two additional terms for upper zones of the earth’s interior have come into wide usage
because of their relationship to the movement and evolution of the crust. For example,
there exists a layer of the upper mantle, beginning at depths {from about 60 to 120 km, and
extending to 650 to 700 km in which the velocity of earthquake (seismic) waves is distinct-
ly lower. Geophysicists believe that seismic waves are slowed in this area because it is
composed of relatively weak material, which is possibly able to flow plastically. The zone
has been named the asthenosphere, Above the asthenosphere is a more rigid layer that in-
cludes, not only the crust, hut an uppermost part of the mantle as well, This cooler and
more solid layer is called the lithesphere.
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MAJOR FEATURES OF THE CONTINENTS AND OCEAN

Tt requires only a quick glanee at a map of the world to become convinced that the most
conspicuous elements of the carth’s surlace are gontinents and qeean basins.  Both conti
neats and ocean hasing contain distinctive geolr:giﬂc features that have developed in response
to particulur geological processes, For example, the major features of continents arc stable
regions anud orogenie bells, As is suggested by the name,stable regions are parts of the con-
tirents that are no longer disturbed by the kind of geological forces that tend 1o distort
rock lavers and ruise mountains., Plains and plateaus are characteristic of stable regions.
Orogeny nieans mountain building, and thus orogenic belts are zones in which great thick-
nesses of layered rocks have been strongly compressed . altered . and raised into loliy moun-
rain chains.

coams.

Because of a luck of informatien. the ocean floors were once considersd to be rather
featureless plains. Actually. they exhibit a variety of major features. Arcund the celges of
the oceans are the submergedﬂ{giﬂof the continents called continental shel:es. The
shelves are of enormous importance because they contain many offshore oil traps. 1= well
as deposits of sand ., gravel, oyster shells, and diamonds. They are bounded seuv@{d“hy the
steeper continental slopes which in turn drop off into less steep continental rises.and even-
teaily into the abyssal plains rising zbove the floors of the abyssal plains in the Adlantic,
Pucific. and Indian oceans are perhaps the most impressive features of the ocean basins.
These features. called midoceanic ridges. tower over 3500 meters above the sea (loor. In
contrast to the riages , the cecan floor is cleaved by long narrow earthquake prone. deep sea
trenches . The Marianas trench in the western Pacific descends to the awesome depth of
11. 034 meters helow sea level.

The world -encircling mid-oceanic ridges, the deep sea trenches. aad even nur grem
mountain ranges are neither hapbazardly formed nor randomly located. These features are
puanifestations of & dynamic unifying process called plate tectonies. Plate tectonics is a4 con
cept that explains the formation of new oceanic crustal material along the mid oceanie
ridge . the migratdon of the newly produced ocean floor away from the ridges and the ulni
nuate descent of thar material into the mantle along zones marked by deep sea trenches. Is
iz an exciling concept that cannot be fully appreciated withour knowing more about earth
materials,

rome Cantemporary Physicaf Geology: An Overview of the Third Planet s8R 122
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B g(M‘,m; . i ~ discontinuity STHE T HE A A5 S
sesmie | ‘saiemik a. HEER  Zeadmet 5. granite ['greenit) n. TER ¥ BRI
S0 frust krast. n. HF 5. Hawalian [ht;m'aiisn] a. EECEM
1 Mohoroucie Tmoubou'ravisik” n. (A $) TF | ~ Islands - E@AHEHFS
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15. lithnsl;]'lr'rc [Mibousfia_ n. 247
v 6. conspicuous "ken'spikjuss; a. HIBH; GF
17
A7+ orogenie Tora'dsenik] a. ) BY
~ helts ¥4
18. orogeny  o'rodmm] n. FEillisdl, @ILER
19, dofv Tloaftin a0 S8M, BaH
20, continental [konti'nentl] a. FEi#

EN SR

~ shelves

-~ slopes  Bfi%

~ rises Bfi &
21, gravel [grevel] oo B B4
_\23./oy-srer ['ssta] n, 145 &

£ abyssal [abisal a. BEWET: BAR MY

~ plain  BRIGFH

v24. cleave [kluv] vt, B, &4
25. prone [proun] a. B I~y Fe-MEH
26. Mariana [meari®ena] n. S HEH
~ trench B BN
27. awesome ['asam’ a. W[ BBy
~28 haphazardly [hep'hezadli] ad. (£&M
29. manifestation [meenifes'teifon n. L. &
L2
30. unify Cjwnifai] vi. #®—; 8. #f &
31, plate [pleir] n. &,

~ tectonics



Lesson Two

Text

Common Minerals

QUARTZ

The mineral quariz is one of the most familiar and important of all the silicate minerals. Tt
is common in many different families of rocks. As mentioned earlier, quzrtz represents the
ultimate in cross-linkage of silica tetrahedra; it therefore will not break along smooth
planes. In quartz. the tetrahedra are joined only at the corners and 1n a relatively open ar-
rangement. It is thus not a dense mineral. but it is quite hard because of the strong bonding
in its framework structure. When guartz erystals are permitted to grow in an open cavity .
they may develop the hexagonal rlsms}\fo;pzd by pyramids that are prized by crvstal col-
lectors. More frequently, the rr}ir! ?a(?ev’% cannot be discerned because the orderly sddition
of atoms had been interrupted by coniact with other growing crystals.

Such minerals as chert. flint. jasper. and agate are varieties of a form of quartz called
chalcedony. Chalcedony is composed of extremely small fibrous crystals of quarts. The
crystals are so tiny that their study often requires the use of an electron microscope, Spaces
between the small erystals are usunally occupied by water molecules. Among the varicties of
chalcedony, chert s exceptionally abundant in many sedimentary rock units. Tt is a densc .
hard. usually white mineral or rock. Flint is the popular name for the dark gray or black
variety of chalcedony much used by stone-age humans for making tools. Jasper is recoy
nized by its opaque appearance and red or yellow color derived from ironoxide impuritics.
The term agate is used for chalcedony that exhibits bands of differing ¢ \lor or texture,

There are many other varieties of quartz minerals than those briefly mentioned here.
THE FELDSPARS

Feldspars are the most abundant constituents of rocks, composing about 60 per cent of the
total weight of the earth’s crust. There are two major families of feldspars,; the orthoclase
or potassium feldspar group which are the potassium aluminosilicates. and the plagioclase
group, which are the aluminosilicates of sodium and calcium, Members of the plagioclase
group exhihit a wide range in composition —from a calcium-rich end member called anor-
thite (CaAl,Si,(),) to a sodium-rich end member called albite (NaAlSi(),). Between these
two extremes, plagioclase minerals containing both sedium and calcium occur. The subst
tution of sodium for calcium . however . is not random hut rather is governed by the temper-

9
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vz and coposinon of vhe parent maternial. Thus. by examining the {eldspar content ol
o ekt rack s possthle woow b the phvaest aned chermeal condinions uoder wineh

eiginand, Feldspars are nearty s hard s gaarts and range m color from white or nnk

o blshegrsy Siles tonabedsaim the feldspars are joined 1n a siroug three-dimenspoenal
——

linec thet s charaeterized by ples of weaker bemdimg 1o rwo directions at Cor nearly w1

rght angles toeneh ther. Becanse of thise the feldspars have good elcavage threak Wlong

smenth plapesy monwa dircenons, The resulting reciangular cleavage surfares and 0 herd
ness ol A ares properacs vselul in the wentification of feldspars.

The plagioclaee feldspars providle an example of the manner in which ions can be et
Chevged inoc el grovg. A chemieal snalysis of specimens of plagiaclase 1aken from
several different rocks would very probably revea! that the proportions of caleium . sodiam .
alumimname. ane stlican (the prmeipal cations in plagioclase) woueld differ among the speci
mens,  This variability oreurs becanse some ions resemble cach other 1n size and electricai
properies s and are thus mwerchangeable moa given erysial. Caletum and sodium ions are
trge and nearty ddentical nosize. Both aluminum and silicon are small 1ons and not greatly
differenn i size. Thus, calelum jons mighr substitaie for sodium ions freely if size alone
were the only requirement. However. the electrical neutrelity of the crystal must aiv bn-
piantained. The electiieal charge of the caleium ion is 2. whereas that of the sodiunt wor
1w = To vounterset the surplus posttive harge. an aluminum ion (43) may substiute
for o ~ihoon ien t =45 to maintain dectrical neutraliny. Thes, Ca’ "+ AlY can interchang:

with Na o and 3 0 This process of interchange is called solid solution.
THE MICA GROUP

A noted corhers micn is o silicate mineral having sheet structure. and is easily recognized
by it perfect and conspicuous cleasage 1n W The two chief varieties are
the colorless ar palecolared muscovite mica, which is 2 hydrous porassium alumimum «ilt
cate {KAL TAIS O 3 (OH).0 and the dark eolored biotite mica. which also coman- iron
and magneanr UN CMg, Fed ARSLO L tOH)L)L In muscovite mica . two sheets of tetrahedr:
sre strongly h-ul together along their inner surfaces by positively charged ions ot alu
arnm, These sandwich like paired <heets are in rurn weakly joined 10 othoers by pesitivels
———
rhi rged 10ns of potissivm. When muscovite 15 cleaved into paper-thin lavers  the separation
occurs primarily along the weaker pline where the potassium ions are located. In hioire.
wagnesium and iron ions hold the juner surfaces of the sheets together, but once again
potassiim ons serie to weikly join each busie set of paired sheats 10 115 neighbor.
Identilicarion of large specimens of mica is rarely a problem because of its planar per
fect cleavage and the way cleavage flakes snap back into place when they are bent and sud
tenly released. The micar ave common constituents of ignecus and metamorphic rocks.
where they can be recognized by thar shiny sorfaces sned the ease with which they van be
phocked doose witl o pinoor pen knile, Before the manofaciuee of glass one of the ekt vacs

i
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of muscovite mica wis ¢ < window paves. This coear mica was guarnied in Muscooy o )

iv name {or Rusei b cond thus ceme 1o be knowa s “Museovy glass s Tand cvern o v noes

covite. Foday. nuca is used in the manunfacture of electrical insulators. and o~ - Ltk

g\ \5 - mo\fm 1:;!‘&}(:‘(‘ 5 and ruhher ﬁ‘l ml@i*ﬂ ‘{‘: h—M,
Y P 4, N TR £ -

Hornblende iz o vitreaus black o very durk green minerall Tois the most commen nen ber
of adarger feodly of muerals callod amphiboles. which have generally sinulay peogr i~
As can be seen from its chemical formute. NaCa: tMg. Feo AD- (S5 ALO OH Ll

blende contams a relatinvely large number of clements. Becavse of the prosenve oo e
magne<inm. hornblonde (along with biotite . augite . and olivine s dosignated afere g

s1an min ral, Crystals of horublende tend to be lung and narrow, Twe good cleo o e
developed parallc] 1o the long mas and intedoect ench uthor w angles of 367 andd 223 0 s

we of weaker bonds thar vxist hevaren i

L

cleavage 15 2 reflection of the locanon of play

Couble-cnain units of «itica tetrahedra in the dgomic larrice.

AUGITE . Ny 1%
' t

Just as hornblende is only oncfmember of a family of minerals called amphiboles. e s
an lmportant member of the pyroxens {amily «in which many other mineral specice s
cur, Tts chermeal formuta CatMg Fe JADCSIADL O indicates that it too ds a ferr maenes ax
mineral and thus dark colored. An augite erystal s typically rather stumoy o shopo s v &
good cleavages developee along two planes that are nearly ar right angles (87 o t1 0
Thus. the cross scetion ol a cevstal appears nearly squace. (rather than rhombic a: u oy,

Blendwe 1. Unlike hornblende cwhieh has o double-chimn stheate structute ;augite s constw. -

ed of single chains. and this accounts Tor its having differently shaped cleavage [rugmeni-.
OLIVING

Lo A . . . .
Olivine. another fermnmgfneman minersl.has been mentioned earlicr ax Taving solated sue

con-oxyeen teirahedra bonded together by fron and or magnesium ions. Irs forroule . o F
Mg 1,80, . indicates that it 1s o solid solution nuneral . containing variable properons - f
irm and magnesium.  The substituuon of these wns for cach other 1= faoihtated by ther
having similar jonic Eﬁ_‘.{_il,““d rwo electrons in their suter electron shell, The ons in aliviee
are sa strongly held by iome bonding, that the mineral has a havduess of 6.5 10 i
Mohsscale. Ax you might guess from its name, this glassy-looking nuneral often has
green color. Frequently ot occurs as masses of small sugary grains.or as uny siteos ooy
—
tals in black lavas. Tt is also an important constituent of stony meteorites. I Jarpe unbioe
ished crystals of magnesiumerich olivine are {ound. they may be cut. and polished e o
tractive gemstones called peridon,
CEvapm Comtemporary Ploascud Deofogy o pp 360 100
.
/ e . /Plfdd:‘*m# Y
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. osilicate [lailikir n. GEREEE ‘
. cross-linkage [kros-liglads. n. 8. B
»osihea [silika” n. b4, EbEE ‘
. teirshedrs tetro'hedra, n. [ M {4 !
. chert Ttfan on. bBES- Wi A l
L flimt [flnt o @O TR0 (FERHLE A R ‘\/ET pluck Tplak] v. 3. #

New Woards and Expressions

21, snap _snap! v. JefR4TRER
~ back PKE

25, igneous [igniss_ a. KALHY

26. metamorpaic ‘metsmafik & BRM, B
#

1 28, pane [pein] n. BREHHE
7. jasper ['dzmspa. n. B, BLE }t 29. quarry _'kworl] n. #AIA
5. agate Llegot] no FURS ‘k 30, wvitreous [hnnos] a. SEHEAGAY
4. cnaleedony [keel'sedoni” n. FBE ru.'il. hornblende [han'blend) n. S[7 £
L. sedimentary [sedi'mentari] a. LFAAY, T i3z amphibole ['mmiibaul” n. WA
HUH I R & 33, augite _'zdgait] n. GF#) B
1. feldspar | 'feldspa_ n. ¥ Aff |.v3'1. olivine [ali'vin] n. BH#A
1. nrlhosla..i:' ['abouklers] n. ERT] | 33, ferromagnesian [fersummg'ni:fon] a. HFEHE
13. potassium Tpo‘teesjare ] n. # Ty

. wluminosilicare [a'lununsusiikit_ n. FFEAEE: |~ 36. pyroxenc [pai'raksing n. WR47

11
5. plagioclase ~'plerdsiaukleis] n. BEH 37, stumpy ['stampi_ 8. REEIREY
16. anorthite “a'nofait” n. P5CAT _ 38. rhombic T'rombik; a. R
‘/1}" albite ['wlbait, n. 84170 39, Mohs'scale TI[LIIE
18. cleavage 'kluvidz n. WIE, BM, 5 o400 lava [lavel n. kINFH. EE
19, cation ['keetaian] n. HEF. L& Ll ;;:miie T'mistjarait” n. BO
20, mica ['maika, n. zZbF I 42, unblemished [ an'blemi]t] a. BWERG . (A7 L
21, muscovite ['maskavart] n, [J =Bk , BAY
.22 biotie Chaigrait " n. B3 NF | 13, gemstone Tdgemsiaun n. EE
23. flake [fleik] n. # 5 = 11, peridot ['peridat} n. AWK E
Notes to the Text
1. When quartz erystals are permitied to grow in an open cavity, they may develop the
hexagonal prisms topped by pyramids that are prized by erystal collectors. EEaE TR
FETFRE HR 7 A e e BT R R TR B AT RE R SR R R R A1)
#E%
] wpped by % A, HE prisms fYEE, that-collectors HEHMNT . (£
prisms
2. Tdentification of large specimens of mica is rarely a problem because of its planar perfect

cleavage and the way cleavage flakes snap back inte place when they are bent and sud-
denly released. 18 FRERR AR R, [ HYE S8 S ERERTF R, TN
B ETIE M T BTLAYE R 2 A A UL PR 4 TR
&) ch snap back B9 B B RWEE : cleavage flakes--released A iE A . & way TR
T way ISR--FEMAAER, ARERAREIRE. 5.
12 -



That was the way she looked after us, ik B XFHEML A .

Word Building
Root (1)

T ARSEE
WE . ARFEE . S RRARATIRAR, B R,
PRSI X R R 40T R LR R .

i L)
fith 4 - — — — — — -lithic 78, #5HM
petr {7 ——————————— petrify 1k
ign K -————————— gneaus KM
morph 2 - — ——— — geomorphic BhEHEY
rupr B ————————————— rupture B3

Lk &8, wRerd LA T REWTCEL, EREFS EFHM, FWRGE
AEGWIRHMEL . AME FREME L, 0F, AR ERENEL Ik RiRg
Fikibia, sKEREEHICAEX R, MBIEEE, AR

2. EBRES—@ i

— R B BN D AR — SR AR R D . R A AL
b B RA RS . MR AETRAE T £ . B

(1) lith- - f7

lithie [lith &« e BEWAGHE, @] G8. 550

lthology Tlith {7, -0 BEHFAE, logy% ] FHF

lithologieal [ W1, -ical EFFAGER. 1] BHrEH

Lthotype [lith 734 -0 . type 357 BA

microlithotype [micro %, W L] BRI ER

lithosphere [lith &+ -o-. sphere 3k, B] HGHE

lithofucies [lich £}, facies #1 40

lithification (lith . -i-, -fication ®WEH, %] FHLEM
(2) petr- - 14

petrology (petr 1, o-, logy—%¥, 5H%¥

petrological [ b -ical BBIHES, -81] HOFH

petrologist ~UL b, -ist FEFR, B A] BAOPRHE

petrify [perr ¥7, i-. -fy #hiRlEE, &7 ik

petrification [ petr £7, -i-, fication FiFig#. k] GIEH

petrous petr 7. -ous WAFAEHR. H ] HEHH

peirachemistry _petr 47, o, chemistry {b2F] &4 k2

petrochemical [petr 7. o . chemical fb°£8)] A EFd

petrogenesis [peir, €. o-. genesis BEE ) S0 BE

i3



w-\

5

b

pevoeriphy Cpetr £1. 0 .- graph 5. iZFE. v AEE
maerph 12

metamorphm  metn B, morph W, ism BiRESE. SEWE, frh T TE
H

metarmorphic WL e MEFEDG NS . B9 Y

MR

D Mg

peomorpho v },gc() fﬁl_. morph 35,

logy -«

geomorphic  geo 8. morsh ¥, e BR RS, -#)
pscudomorph  pseudo . morph #2 ! #%
preudomorphue WL e ARG, Ay ] %R

amorphous & L. morph o ous BFFTITHL.

SR BB
isomorphic Diso [ merph 2.0 e FZ'(']-LHJ VTEEL. g ] BTSRRI
isomorphism /L. ism B A 9§i. ._‘Uf e KERE
S R UEN & S T VS R AN KPR 3 RS i o i N =

TP I A AL

Exercises

Questinons for Teview

Iy Wha: is meamt by solid solution?

23 Naume- four comman rock forming silicate minerals rich in iron and magnesiun.

1 A terms of atenne siracture. explam why the mineral quartz does not break o
fragricnts with smooth surfaces?

|+ Nanw the varicties of chalcedony.

5 Whas s the dilference between amphibole and pyroxene?

Fill in cach blank with the proper words given below

orthoclase. quartz. augite. plagioclase. agate, amphiboles

7 The norm_ ia need for ehaleedony that exhibits bands of differing color or tex-
Ture.

.3 Hornbleude 15 the most common member of # larger family of mincrals calied

1 i~ « muineral having a perfect framework structure.
v s an important member of the pyroxene family.
The two majr families of {eldspars are _ . and .

Select the best 1irm to complete the following statements;

U1 Aiea s o osilicate miveral with — strocture,
fa) wingle wirabedra (h) single or double chain
fo wheet (d} framework

_1 In the mineral ohvine. the siicat tetrahedrs are linked together by

(oo parthy covalem honds 1o ~hared oxygen atoms



‘b predonunantly ionie bonds to the cations Mg. Fe
Lo+ shared oxygen atoms and cation bhonds
tdr N

33 The structure of aagite consists of

der Waal’s bonds only

Ca inolated silica retrahedra

{b) linked pairs of silica tetrahedra

(¢ single chains of silica tetrahedra
(¢l double chains of silica tetrahedra

4) The structure of hornblende consists of

(as isolated silica tetrahedra

(hy linked pairs of silica tetrahedra

(¢} single chains of silica tetrahedra
(d? deuble chaing of silica tetrahedra

4. Complete 1he following sentences .

1) The plagioclase group exhibits a wide range in composition from a caleiun o1 b 1 d

member called to a sodium-rich end member called

23 The two chief varieties of the nuea group are the colorless  and the dork o
ored

33 U large unblemished crystals of magneswum-rich  are found . they van be o

and palished 110 gemstones called peridor

1) _ s composed of extremely small fibrous erystals of quarts,
5) Horablende has o ___ silicare struerure.

5. Translate the following inte Chinese;

Some oceurrences of silicate mirerals nvreduced in this chapter are so e ove .
durable, and rare that they are highly valued as gems. Their beauty is depencent upon
color. luster. and brillianee-properties which are enhanced when the “rough <tones ™
arccul . faceted . or shaped and polished. Gems are sold by weight. and the Lasw una
of weight is called 4 gem carat. One gem carat i equal 1o 173 of a gram. (The geu:
carat 1~ not to be confused with the gold carat, which tndicates the proportion of gobd
in an allov. and 1 not a unit of weight.)

Such famitiar minerals as quartz, corundum. feldspar, olivine. and garnct veva
sporatically as materials of gem quality, Gems in the quartz family are particuleriy
well know .and include the purple varicty known ax amethyst cyellow qoartz or cereine .
rone quartzs upals the banded microcrvstalline quartz called agate  ond the miy<ierou-
tiger®ove quartz winch resulrs from the replacement of ashestos by nucrocrystallin
quartz. Jasper is opague to semiopague microcrystalline quartz that conrains an abus
dance of 1ron oxide,

The two most famous gems mothe corundum family are blue sapplure and red ru

L. The cotor differences in these corundum minerals result {from small trace~ of metz)



oxides, These impurities may also produce exquisiie hues of green, purple. and gold
in sapphires. Feldspar gems include the artractive white opalescent moonstone ,und the
green orthoclase called amazonite. Peridot is the gem variety of olivine. In rhe garner
{amily . almandite i» prized for its clear wine-red color. There are .however, many other
beautifully colored garneis,including pink . orange . and green varieties. Topaz, known
1o us as the third hardest mineral in Mohs’scale . may occur as a lovely yellow gem . al-
though stones colored pale blue and light green are also prized.
6. Translate the following sentences into English .

D RKEyHATER s R A HEANT RGN,

2y M E R R RO AR,

D WHWEE RN P ERETFYRTEE T ZEAERORE.

4y @HINYE - 5E BY I R AL T T A M R R L,

L BATHEEHT 2000 BHEWHAT T HEHME, BRENYTAREH LT

oty g L AL L T ELAR AR R

Reading Material
Minerals

GARNET

Cearnet i= the name used for a group of mineral species closely related in composition. crys
tal formt,and physical properties, In general composition, these minerals are silicates of alu-
minum with iron. calcium, or magnesivm, The iren rich variety, almandite Fe,Al,
(80,5, is widely used in jewelry because of its rich dark red color. However, depending
on their composition, garnets are found in all colors excepr blue. For example, if calcinm
fills the place of iron in the fattice, the garnet is called grossularite. and may have a pale
green color. although other hues may alse develop. Garnets can usually be identtfied by
their well formed equidirnensional crystals and their resinous o vitreous luster. Crystals
will not cleave .but rather break with a conchoidal fracture. Because of the sharp edges pro-
duced on fracturing and its hardness (7 10 7. 5 on Mohs’scale), garnet is widely mined and

sold as an abrasive material.
CHLORITE

‘The chlorites are a group of greenish minerals having a platy form similar to that of micas.
In composition. the minerals of the chlorite group are hydrous aluminum silicates of iran
and magnesiom. Chlorite can usually be identified by its perfect cleavage in one direction.
greenish color and streak. and relative softness. [t is a common constituent of metamorphic
rocks and also oceurs as an alteration product of ferromagnesian minerals.

18



CLAY MINERALS

L

The clay minerals are silicates of hydrogen and aluminem with'additions of magnesium.
iron, and potassium. Al one time, clays were assumed 1o be ambrphous mixtures of metal
oxides and hydroxides. Through the use of X-ray equipment , hg{rever, it was demonsrrated
that clays are composed of crystalline units which, like mica, have sheet structure. The in-
dividual [lakes are extremely small and require the magnific tiom
microscope for adequate examination Sheets of tetrabedra in clays are weakly bonded. and
the potassiurm, sodium, and magnesium ions may enter and leave exchangeable locations
within the lattice structure. Clays are formed through the decomposition of other aluminum
silicate minerals. especially the feldspars. Clay minerals are characteristically very soft.

have low density, occur in earthy masses, and become rather plastic when wet. These char-

acteristics permit one 1o recognize ¥lay. but in order to identify the individual species of

clay minerals it is necessary to use -ray diffraction techniques,

CARBONATES :/rbib- . ’\,&,14‘“5':-1:

Caleite and dolomite are the two most important members of the carbonate mineral group.
Calcite {(CaC0)y), which is the main constituent of limestone and marble, forms in many
ways. It is secreted as skeleral material by certain invertebrate animals, precipitated direcr-
ly from sea water, or formed as dripstone in caverns. Caleite is casily recognized by its
rhombohedron-shaped cleaved fragments and by the [act that an application of hydrochlo-
ric acid on its surface will cause effervescence, Clear cleavage rhombs of calcite exhibir a
property called double refraction. For example, if a transparent piece of calcite is held over
& dot that has been placed on white paper, two dots will appear when the calcite is held i
certain positions. As the mineral is slowly rotated one dot will appear to rotate around the
other. The explanation for this bit of “magic” is that the light entering the specimen 15 hent
ur refracted and divided into two rays.one of which is bent more than the other. The image
from the more refracted ray appears to move around the image of the less refracted ray as
the plece of calcite is rotated. Although double refraction is so exfreme in calcite that it can
easily be obscerved, it is not a phenomenon unique to caleite, All minerals exhibit double re

fraction wexcept those in the isometric crystal system. In most of these other minerals . how-
ever. optical insrruments are recuired to measure the phenomenon,

Dolomite CaMg ((Z(;),Jr2 is a carbonate of calcium and magnesium that occurs as exten-
sive layers of a rock called dolostone. In the field, geologists often distinguish dolomite by
the fact that it will not effervesce in dilute hydrochloric acid unless it is powdered. Many
ancient dolostones are thought to have been formed by recrystallization of stili older lime-
stones, Because calcium and magnesium ions are nearly the same size, it is possible for the
magnesiun to replace caleium in the atomic structure,

i7
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EVAPORITES

Evaporites are minerals that have precipitated from bodies of water subjecied to intense e
vaporation. They include common rock salt, nr halite (NaCl), and gypsum. Halite iz easily
identified from its salty taste and perfect cubic cleavage. Gypsum is a seft {2 on Mohs'
scale ) hydrous calcium sulfate (CaS0. = 2H,(0). The variety of gypsum called satinspar has
a fine fibrous structure, whereas selenite will split into thin plates. The firelyerystalline
massive variety known as alabaster is widely used in carvings and sculpture because of s

uniform texture and softness.

IRON OXIDE MINERALS

|
The chief iron oxide minerals that occur abundantly or near the earth's surface are

hematite (Fe,(;) and the hydrous oxide of iron called limonite (Fe. 0, » 2H,()), Magnetite
(Fe ), is of less importance because it is less abundant.

Bedded deposits of hematite supply the bulk of the world’s iron ore. The mineral
varies in color from steel gray to brownish red. but always exhibits a distinctive reddish
streak. In contrasi, limonite has a yellow-brown streak and is generally yellow or brown
in calor.

One is not likely 1o confuse magnertite with the other common iron oxides. Its magnetic
properties, high specific gravity, and black streak are distinctive, Magnetite oceurs in con
centrations that can be mined as irun ore, but is also cormmmon as disseminated crystals 1n

rocks rich in ferromagnesian minerals,
MINERALQGICAL CLUES TO GEOLOGICAL EVENTS

Minerals are studied by geologists not as mere constituents of the crust but as clues 1o the
history of the rocks in which they occur. Some minerals develop exclusively in ccean water
and provide the geologist with evidence that a particular sediment was deposited in the ~ea
rather than in a freshwater lake. A thick bed of halite indicates anidity and evaporation so
exireme that the brine had become 1en times saltier than ordinary sea water. The magnene
properties of magnelite can,in certain situations .provide clues to the position of continents
relative to the earth’ 'magm*tit poles. Certain minerals form within a narrow range of con
ditions and can theretore be used to diagnose the pressures and temperatures involved in
the {ormation of crusal rocks and mountains, Diamonds. for example, form only at high
temperatures and cxtremely high pressures. Like diamond . grapbite is a crystalline variety
—g
of carbon. However. it forms at lower temperatures and pressures. Other minerals contain
radiosctive isotopes that permit us to know the age of the parent rocks. By their size. crvs-
tals of feldspar give the geologist information about the rate at which ancient melten mas-
congealed. Even ordinary grains of quariz may hokd clues as to what has happened 1o hem
since they were eroded from some ancient Mhe ancient buried mineral prod
18



nets ol wezshnoring may provide information ahout past climatic conditions in a region.
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L. esson Three

Text

Sedimentary Raocks

Onee weathering products have been formed {rom pre-existing rocks. 1he nex1 swage in the
sequence of events leading to sedimentary rock is the removal and transport of those prod-
ucts. Many denudanonal agencies. including running warer, and moving ice. and wind.
denudational agencies ] €

assist in this removal. The wind is an effective agent in picking up and blowing away the
smaller and lighter particles. Glacial ice can move very large picces of rock and carry an un-
mense load of coarse sediment. Streams are also exceptionally effective in carrying not only
solid particles of sed.ment but invisible dissolved salts as well. Ultimately, sediment-laden
streams flow into lakes or the sca and their load of sediment is deposited. It may form
sandy beaches, silty [lood-plains, and sometimes muddy boggy areas of cstuaries and
deltas.

The solid parricles carricd by wind or water will be deposited whenever there is insuf-
ficient encrgy o carry them further. For example,if the velocity of dust-laden wind abates.
there will be insufficient energy to carry particles of 2 given size.and those particles will be

dropped. Sirularly if a stream’s velocity ix checked . as when entering body of

warer, the stream also loses energy and is unzhle 10 continue to carry the material formerly

carried at the higher velocity.

A reduction in a stream’s velocily does not. of course s affect the dissolved materials ax
it does suspended solid particles. Material carried in solution is deposited by a process
callea precipitation. in which dissolved maicrial 1s changed to a solid and separated from
the liquid in which it was formerly dissolved. For example, calcium carbonate . the principal
substance in the widespread sedimentary rock known as limestone, may be precipitated

from water that contains calcrum in selution as indicated helow,

H{0
P
Ca’  — 2HCO, == 20054 + IO + CO.
(dissolved  (dissolved (calcium (water) {carbon
raletum ticarhonare carbonate) dioxide)

s ions)
The Eicarbonate jons that participate in the above reaction can be derived from the ioniza

tion of carbonic actd, As indicated by the arrows, the reaction is reversible. I carbon diox

ide 15 removed from sea water. the reaction will proceed toward the right . and calcius car

bonate will be precipitated. If, however, carbon di
BRI

oxide is added to =ea water, then the




amount of carbonie acid m the water would build, and the reaction would procesd 16 1he
left. This would result in a chemical envirenment not conducive to culewm carbonae pre
cipitation . and one 1 which exisung caleinm curbonate might begin to dissolve. As 150w
dent heres the precipitation of caleium carbonite is a complex and delicate proces~ m ni
ture. Tt is influenced by arganisms that utihize or liberate carbon dioxide . by processes tha
alrer the acidiy or allsalipity_of the watcr. by the presence of organic compounds. and by
wns of sul_f:;..“;hc)sphorus. and magriesium which may be present.

Many changes take place in sediment after it has been deposited. Mineral grains mayv
be dissolved away . some may grow by additions of new mineral marter, and the shapes of
particles may be distorted by compaction, The result of some of these changes is ro comvert

sediment 1ntu sedimentary rock. The conversionprogess. is called lithification, Cemeniaton

compacticas and crystallization are the prineipal means by which unconsolidated ~ediment
is lithified.
Cementation involves the precipitation of minerals in the pore spaces between larger

particles of sediment. The precipitated mineral cwhich most frequently is cither calcium var

bonate (CaCO,) or silica ¢Si0). is called the cement. Cement is added 10 o sediment atier
deposition. Tt dilfers from a rock’s matrix which consists of clastic particles fofren el
that are deposited at the same time as the larger grains and help to hold the grain~ 1ogeth
er.

The reduction in pore spaces in 4 rock as a result of the pressure of overlying rocks or
pressures ol carth movements isyi_e';pmd_c()rnpaclion. During compaction, individual grains
are pressed tightly agamst one another, causing the expulsion of water and rearrangenuni
of porricles. The result is often the conversion of loose sediment inte hard < induraied rock.
Compaction is greatest cnd most important as a lichification process in finer-grained scdy
ments ke clay and mud.

itate in which

Lithification by crystallization miay begin with an initial chemical preci
1he developing ¢rystals grow together 1o form a erystalline solid. The process of erystalliza-
‘ion s however. may also result 11 a change in the form of grains that have already been de
pusited. Far example. quartz may be precipitated onto rounded quartz grains 1o lorm a
strong mterfocking mosaic of crystals. clay may be converted to a matted aggregate of tiny

rica crystals . or calcium carbonate skeletal debris may be reorganized imo hard.

caleite. The migration of watery solutions through sediment [avors erystallization. ax doex
deep burial and consequent mereases in temperature and pressure.

Sedimentary rocks are identified and named according to their composition and 1ex-
ture. In regard 10 compositian s the three most abundant mineral components of sedimentary
rocks are clay minerals, quarez, and caleiv. Evaporite minerals and dolomite. althnugh tess
abundant, nevertheless form an appreciable portion of many sedimpentary sequences, Sedi
mentary rocks uearly always also contain variable amounts of limonite and henwtne. A
genetiliz ugn one can make Ell)']Ut the mineral composition of sedimentary rocks is 1hat
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miest are nuxtures of twae or more components in which one mineral may predonnnan .
Thus. sandsrtones composcd mostly of quariz grains nearly always contain some clay o0 v
citey and limestones made mostly of calcite nearly always arewway and
QUATTZ grams.,

Texture refers to the stze and shape of individual mineral grains and o their arrange
ment in the rock. A rock that has a clastic texrure (from the Greek kiastos broken s com
posed of particles of clay. <ilt. sand . and gravel. or fragments of parent rock or fos-tls tha
have been maved individually from their place of origin. ln contrast to these clastic rocks.
non clastie rocks form by chemical or biochemical prectpitation within & sedimentars
baxm, Most non-clastic rocks are crysialline.and include certain limestones and evaporites.

Sedimentary rocks made of the remains of plants and animals are categorized as hio
genic. Coal. for example, can be considered a sedineniary rock derived from the accumula
oo of plant remains. Limestones composed predominantly of the skeletal remains of wiver
tehrate animals would also be cons.dered biogenic.

Although it is convenient to scparate sedimentary rocks into such discrete categories

e
s clasticy crystalline . and biogenic. it becomes quickly apparent to anyone who enjovs col
lecting rocks that there are many gradational types, and some rocks can be placed in either
of two categories with equal validity. For example. many limestones are distinetly vry~
raihine, but a limestone composed of fragmenis of a pre-existing limestone could be termed
a clastic limestone,
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New Words and Expressions
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Notes to the Text
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uf DL RVE s ag . AT,
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Exercises

1. Questions for review
1) What characteristics of sedimentary rocks are most useful in their classification and
identification?
23 What are some of the changes that 1ake place in a scdiment after deposition and lead
ultimarely to lithification?
3)What is the distinction between clasiic and non-clastic (chemical } sedimentary rocks?
47 How does ma-rix in a rock differ from cement?
5) Define sedimentary rocks based on the rext.
2. Fill in the blanks with correct terms given below;
cementation. detas. compaction. clastic, weathering. texture, precipiiation
1} Material carried in solution is deposited by a process called
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2y _refers to the size and shape of indvidual mineral grains and to their arrangc
ment in the rock.

3y refers 1o the precipitation of minerals in the pore spaces between larger paru-
cles of sediment.

4) __ __is the name given to the processes which break down rock ar the earth's sur-
face to form discrete particles.

5) are accumulation of sediment at the end of a channel where it discharges into
a standing body of water,

8) The reduction in pore spaces in a rock as a result of the pressure of overlying rocks
is termed _ .

7} A rock composed of particles of clay, silt, sand, and gravel hasa _ rtexturc,

Give the Chinese/English equivalents for the following:

1) denudational agencies 6) it

2) glacial ice ) Y

3) sediment-laden streams 8) A M
4) clastic hmestone 9 MR
5) parent rock 10 W

Chouose the correct term to complete each sentence.
1} Lithification does not involve __
a, cementation b, crystallization c¢. weathering
2) __ _ is classified as a biogenic rock.
a. coal b, sandstone c. silt
3} One of the most abundant mineral components of sedimentary rocks 1s __
a. carbon dioxide b. calcite ¢. hematite
4) The precipitation of calcium carbonate is not influenced by .
a. acidity b, organic compounds ¢, wind
5)Clay may be converted into a matted aggregate of tiny mica crystals by the process of

a. precipitation b. weathering c¢. crystallization
Translate the following into Chinese;

From that time when the earth acquired its atmosphere and hyvdrosphere, the me-
chanical and chemical break down of the criginal igneous rocks began. The weathering
of igneous and other rocks through chemical and mechanical action produces gravel,
sand, silt, clay, lime-bearing materials, and salts. These products, after they are de-
posited in the sea or in continental envirenments. are bound together by rock lithifica-
tion processes such as cementation, compaction, and crystallization to form sand-
stones. shales. limestanes. and evaporites.

Sedimentary rocks represent the taterial record of environments that once exist-
ed on earth, Their composition and texture provide clues to the nature of the source
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areas that provided the sediment. the kinds of transporting media. and the general en
virnnownt of deposition. Fossils in sedimentary rocks are particularly instrucuae -s
environmental mdicarers. They rell us if sirata are marine or nonmarine . if the water
at the depesitional site “was deep or shallow . or f the climate was warm or cool. Thew
alst can be used 10 ascertain the geologic age of strata, Color in & st'(‘l‘mt‘m;.r)‘ rock
~ometimes helps one 1o decide if it was deposited in nenmarine or terrestrial environ-
mernts. From the size and shape of grains in clastic rocks, gealogists can someumes 11,
fer 1f the sediment was deposited i quiet water or turbulent currents, whether 1t had
been sorted by wind or wave action, or whether it had experienced many or few rvelos
of erosion and deposition. Similer kinds of information can somenmes be clucidated by
the »tudy of such sedimentary features as graded-bedding, cross- bedding, and current
ripple marks. Sandstones are particularly useful in investigations of ancient depositior-
21 environnients. Quartr sandstones, graywackes, arkoses, and subgraywackes ¢ach
accumulate 1 particular paleogeographic and tectonic situations. 1t is the geologi~i'«
task to disconer the details of those situations by examining the rocks.
5. Translate the following sentences into English,

D §. A ML R TARIN RS MEE, A SF FaEm

D LR NI RS AR 85 W E A S 2y 755,

Dy meRt LT AL RN, KEERERNEREEMIEE. Y (viscosity) i

GRS DU UL 8-
CERCE RS M AN S S0, IRSREASE,
5 JLHLEE TS b 4.

Reading Material
Igneous Rocks

Texture and mineral composition are the most useful propertes for inferring the origin of
ignecus rocks woed are the basis for classification and identification. Although there are
hindreds of wames used {or igneous rocks. most of these represent variations of the rela
tively few major groups. In a widely used simple scheme, there are eight groups of crvs-
talline 1gneous rocks: granite. granediorite. diorite, gabbro. peridotite, rhyolite , andesite.
and basalr.

in arder 10 identify rocks in each of these groups it is necessary to recogmze texture
and a few of the mineral constituents as they appear in the rock itself. To better idenufy
the more common rminerals , hold the rock in strong light and turn it back and forth so that
vou can see reflections from eleavage planes and crystal faces. Quartz can be recognized by
it< glassy appearance and mostly irregular reflecting surfaces. Feldspars show cleavage
faces. may be white, grav. or piak. and often have rectangular outlines. Ferromagnesians
are black or green. Among ferromagnesians . hornblende i more shiny and elongated than
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pyroxene. and hiotite may be distunguished by its smooth gleaming cleavage surfaces.
ROCKS OF THE GRANITIC CLAN

The tighr-colored igneous racks are, as we have already noted, derived from hugh silica
magmas., When such magmas crvstallize, they vield &« high proportion of feldspar .nd
quartz. Granite is a familiar representative of this group and is recognized by s hght ool
or, phaneritic texiure ; and the presence of about 25 per cent quartz grains along with larger
quantities of potassium feldspar torthoclase) and sodium-plagioclase. Muscovite and biotite
are present, as are small quantities of hornblende. Granite, of course, is well knowu 1o
most of us because it has been used for centuries in the construction of buildings. stataes.
znd monuments. Tt is not, however. the most abundant granitic rock. Granodiorite v a sonw
what less siliceous granitc rock is more abundant. The Sierra Nevada Batholith i~ comi-
posed largely of granodiorite.

The more finely crystalline but compositional equivalent of granite is rhyohte, Actual.
ly, the basic aphanitic texture of rhyolite may range into 1he glassy condition. Many rhve
lites tend to be porphyritic, with small phenocrysts of orthoclase. sodic plagioclase . quariz.
end mica. Some appear 1o be welded 1ufls. In coler, rhyolites tend 1o be white. Light gray.

or tints of pink or orange,
ROCKS OF THE DIORITIC CLAN

lgneous rocks of the diorite clan include diorite itself and its aphanitic equivalent known as
andesite. Diorite is a coarse- to fine-grained phaneritic rock containing less silica than gran
ite or granodiorite, but moere than gabbro. Thus. in the gradations of composition across
the rock chart, it is an intermediate rock type. The most abundant minerals are plagio-
clases, and these are compositionally in the mid range and contain both caleium and sodi-
tm. Quartz and orthoclase are very rare or absent in diorites. Among the ferromagnesian
constituents . hornblende occurs in amounts about equal to plagioclase. and biotite mica 1s
a common accessory mineral, The color of diorite is controlled by its compositional makeup
of nearly equal amounts of black ferromagnesians and grayish plagioclase. Thus. it tends
to be rather drab gray or greenish gray in color.

The somber color ol diorite prevails also in andesite - its aphanitic equivalem. An-
desites. which were first identified in the summit voleanoes of the Andes Mountains of
Seuth America, are mostly found along the more mountainous continental borders and i+-
land arcs that surround the Pacific Ocean. In fact, geclogisis determine the true cdge of the
Pacific Basin by plotting a line, on the oceanic side of which rocks are principally basali,
and on the continental side andesite. (reologists refer to this demarcation as the andesie
line.

A member of the plagioclase family known as andesine is the most abundari mineral
constituent of andestte. It is a mineral that contains nearly equal proportions of caleium and
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sodium. Dark minerals such as biotite . hornblende, and pyroxene are alse prevalent in an-
desites. Andesites are intermediate between basalts and rhyolites in composition, and also
imtermediate in relative abundance on the earth’ surface. Thus, they are more abundant

than rhyolites and less abundant than basalts.
ROCKS OF THE CABBR{)} CLAN

in gabbro the chief mineral is labradorite plagioclase, which is darker and more calcrum-
rich than the plagioclase found in diorite. The typical ferromagnesian constituents are py-
roxenes and olivine, Gabbros are typically coarsely crystalline plutenic rocks, One variety
called anorthosite is composed mostly of intergrown calcium-rich plagioclase crysials,
Anorthosite is characteristic of the lighter colored crustal areas of the moon. Varieties of
gahbro are frequently polished and used as ornamental stone because of their rich dark hue
and the iridescent play of colors reflected by the plagioclase erystals.

Basalt is now familiar to us as the rock name for the aphanitic equivalent of gabbro.
We have previously noted its importance as the most abundant of extrusive igneous rocks,
Rasalts are generally darker than andesites. They are mostly very dark gray or black. In
thin section, they are found 10 contain myriads of elongate lathlike crystals of calcic plagio-
clase interspersed with pyroxene and olivine. Basalws differ from andesites in that ferro

magnesians like biotite or hornblende are sparse or absent.
THE ULTRAMAFIC CLLAN

Ultramafic rocks are characterized by having a high density (3.3 g/cm®)- low percentage
of silica (45 per cent). and a major runeral composition of pyroxenes and olivine. Peri-
dotite, in fact,is an ultramafic rock composed of 70 to 95 per cent olivine , while pyroxenuie
is almost entirely an intergrowth of pyroxene crystals. The ultramafic rocks are not com-
mon near ar on the surface of the earth, They are occasionally encountered in the lower
parts of thick sills. laceoliths and lopoliths where dense ferromagnesian minerals accumu
lated by fractional crystallization and gravity settling. At several locations around the
world., peridotites have pushed their way upward from great depths and penetrated near
surfzce rocks. Geologists are keenly interested in these peridotites, for they may represent

samples of the earth’s mantle.

THE GLOBAL DISTRIBUTION OF GRANITIC AND BASALTIC ROCKS

One of the most interesting observations about the global occurrence of igneous rocks 1s

that granitic plutons oceur within or on the edges (or former edges) of continents ., and that

the crust beneath the ocean basins is practically devoid of granites and kindred intrusive

rocks. This indicates that the ¢rust of the continents and ocean basins originates by funda

mentally different processes. The igneous rocks of the ocean basins are predominantly

basalts that have apparently been generated by partial melting within the lower crust or
z8



upper mantle. This is indicated by the high temperatures at which these basaltic melts are
extruded and their relatively rich ferromagnesian composition, The process of building the
oceanic crust is thought to be going on continucusly as prodigious amounts of basalt pour
out of fissures along the world-encircling network of mid-ocean ridges. These ridges are
developed where tectonic plates separate and permit magma to well up and form new
oceanic erust, which then moves away from the ridges at the rate of a few ¢m a year, Ulti-
mately, rocks which were extruded along the ridges reach subduction zones where rhey,
along with the cover of sediment they have accumulated. are plunged downward into the
mantle and consumed. By this process, the basaitic ocean crust is being continuously re-
newed,

The plate tectonic model may also provide an explanation for the origin of large
granitic batholiths located along some plate margins. Because of their abundant silica and
aluminum and relative deficiency of iron and magnesium, it is unlikely these granitic bodies
could have been derived directly from the upper mantle. They might, however, be formed
[rom the melting of mixtures of ccean hasalts and sediments. Weathering processes tend to
remove iron and magnesium and concentrate silica and aluminumin sediments, and i the
sedimentary materials can be melted, they may generate silica and aluminum-rich gramrtic
racks, A likely place [or this to occur is along subduction zones where a lithospheric plate
moves downward carrying with it not only basalts of the ocean floor but water saturated
marine sediments as well. When these descending slabs reach the asthenosphere, partial
ntelting occurs, and magmas of the kind that form granodiorites and andesites are pro-
duced.

Not all granitic rocks are formed by processes operating within subduetion zones.
Many times in the geologic past, sedimentary materials accumulated and were buried in
deeply subsiding troughs called geosynclines. After these materials had accumulated. the
geosynclines were compressed and the resulting heat and pressures severely metamor-
rhosed and partially melted the deeper parts of the wedge of sediment to form the parent
magmas of granites and granodiorites. Field evidence suggests that this process will occur
readily at depths of about 35 km and temperatures of 800 (', provided there 1s ample water
in the parent material.

Tn addition 10 large bodies of granitic rocks found in the interiors of continenrs . there
are a fewer number of large gabbroic bodies. Thesc rocks contain too much iron and mag-
nesium and too bttle silica to have been generated by the melting of continental rocks and
sediments. Like the basalt of the ocean basins, they appear to have been derived from melts
that originated in the upper mantle or asthenosphere. In some localities, the iran and mag-
nesium-rich, silica-poor melts (mafic melts) may have risen through fissures and rifts pro
duced when a lithospheric plate bearing a continent broke apart. As the two plate segments
mioved away from cach other, the gabbroic magma worked its way upward into the zonce of
divergence,
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. dionite ['daaratt_ n.

et Compeagesir v Phvacal Geologys pp8T- 91)

New Weords and Expressions

granodiorite [ 'graena'datorait ] n. RS

[ 5

. gabbro “lgaebrou’ oo FROE

peridotite [peri'doutarr ) n. H#E

Loorthwolie [raalait n. fE0 R
i, andesite | 'mndizan” n. UL
o basalt [hastel no 20
w4, rectangolar Lrekvengulo” o0 BN &
s o H Ay
Vo, gleam [glim] n. [A)3s #0G
J10. clan [klen n. 50 Bk &
11. phanernie . 'fanarmk_ a. SHER
12, batholith ['bedalio] n. it &
13, apbanitic Tado'mik] a. PERIEA: JER&NE
r)
1i. porphyoic _pafirivk] a. BERFE9: BORE
{3, phenoeryst Cfinakrist_ n. KR
16, sodic ['soudik] . FEAMH
17, wall Cvafl no &M 4+
V18, dm [unt] n RS, @i
WAG accessory mimeral mk'seson ‘minaral ] & 49

. somber _'somba a.
T e
. demarcatien _dima'keifan] n.

5. andesine D andizin_ n.

. drab pdraeh] a. WEREE

BEIRAY IR
R AL
KA

iehradorite “lebradarait’ no fEIE
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8.
. myriad ['miriad] a. . n. TEH; £E. B A

23.
26.

27.

. intcrsperse inta'spe o v.

plutenic [plutonik] a. {RHLE KDY
ancrthosite [enodosait_ n. #HGH
iridescent _irt'desnt] a. BEM; BLEM

extrusive [eks'trusiv] a. FEHAY

¥E

lathlike ['laflaik” a. fiE5H)

B

Cepasl ac Ridws FEALH
ultramalic ©'altra'mefik ] a. HIEFEHEE)

SEATSC

. pyroxenite [pai'roksenait) n, BF

intergrowth Dlintagroud| n. Bt

¢ 36 sill [sil] o #E. WIRMLF
37, laccolith Clakaligy n. #H35

mdl.
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. fissure Bl n. BEE; WU
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lopolith ["lapalifl n. 2

. pluton ['plutoun’ n. TEM ik B AWML
. kindred ['kindrid] n. . a. FE; & HEMY

extrude [eks'trud] v, fEMEH
prodigions [pra'didges] a. ERH: EAW

{F

st.bduction Isab'dakfan_ n.

. slab {sleb! n. FAE, PR
. geosyncline [d3iou'sinklain_ n, M H6) R

gabbroic ['gebroik] a. ¥ TH
mafic ["maQk] a. CKEAHA SE8M
PUEE CFHL W RE
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Lesson Four

Text
The Study of Fossils —Paleontology

The term Fossil onginally relerred to any curious object obtained by digging in the earth-
mineral specimens, crystals, old artifacts of humans, odd stones of any kind, and the ro-
mains of ancient plants and animals .« bur it is now used to mean the remains or traces of or-
ganisms preserved from the geologic past. Usually fossils are preserved in solid rock. bat
many specimens h;l-\«:e-i;60n found in loose sand, 1n bogs, and in tar pools: some have even
heen found frozen in ice.

The number of fossils preserved in the earth is beyond calculation. Many common rock
types.such as limestone and chalk .are composed almost entirely of countless smai! fossils.
A pinch of dintomaceous earth contains thousands of skeletons of a small floating wvpe of
algae called a diatom. Literally cubic kilometers of sediment may be made up of animal
shells and skeltons. The (Great Barrier Reef of Australia is composed of 1the rernains of hil
lions of marine organisms: fossil recfs similar to this are found embedded in ancient sedi-
mentary formations throughout the earth. Ceal beds are accumulations of fossil plants.
whereas petroleum is primarily altered material that once constitured various kinds of Tiv-
ing orgarisms,

Generally, only a tiny fraction of the organisms that have lived during the geologic
past have been preserved as fossils. Normally the remains of an animal or plant are totally
destroyed. Under what circumstances are they preserved? Two special conditions appear to
he necessary; rapid burrial and the possession of hard parts,

Usually when an organism perishes, its soft parts are quickly eaten by scavengers or
decomposed by bacteria. The remaining hard parts are then weathered. eventually crum-
bling into dust. Occasionally» however, the remains are buried by sediment. In this stius
tion, seavengers and weathering cannot disturb them becanse they have been removed from
the environment where these destructive forces operate. Rapid burial following death
therefore 15 an important condition favori{g_ preservation.

RS

In addition. animals and plants have a much better chance of being preserved as parr
of the [oss1l record il they have hard parts, Although traces and imprinss of soft-bodied an
imalz such as jellyfish. worms, and insects exist, they are, to say the least. rare, Flosh
srually decays so rapidly that preservation is exceedingly remote. Hard parts like sheli-.
hones s teeths and waod predominate in the record of past life.

U The scientific study of fossils is called paleontology s impertant subdivisions are inver
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tebrate paleontology, vertebrate paleontology, paleobotany, and micropaleontology. Each
of these fields has its own specialists and embraces such a vast amount of information that
no one person can satisfactorily master more than a small fraction of the subject matter.
Likewise, as explained in the following paragraphs, the techniques and aims of the various
fields are significantly different.

Invertebrate paleontology is perhaps the oldest and the best established subdivision of
paleontology. LDea]ing as it does with the most abundant types of fossils, it has atiracted
Ec_}rrespondingly more attention than its sister studies.-) Most professional paleontologists
begin their studies with basic courses in this field,

Vertebrate paleontology deals with the highly organized backboned animals. Fossils of
the verrebrates are relatively less common than invertebrate fossils and are restricted main.
ly to land deposits of the later geologic periods. Vertebrates offer scientists the most con-
vincing and understandable evidence for organic evolution, and a major part of the study of
vertebrate specimens involves establishing lines of descent and tracing adaptations to
changing environments.

Paleohotany is the study of plant fossils, and a great deal of its subject material has
heen gathered in the great coal fields of the world. Palynology, the swudy of fossil spores
and pollen, is a rapidly growing subdivision of paleohotany. Students of fossil plants have
made important contributions to our understanding of the formation of coal and also have
aided in the discovery of numerous coal beds. Plant fossils provide the paleontologist with
cvidence of past gecgraphic conditions, because plants are especially sensitive to climatic
influences. The plant world supports the animal world , and evolurionary advances in plants
have been followed by corresponding changes in the animals that feed on them.

Micropalecntology »as the term implies,is the study of all fossils that are so small that
they must be analyzed with a microscope. Practically all groups of animals and plants are
represented in this field, either as specimens or as parts of complete specimens. Plant
spores, pollen grains, and seeds are included, as are minute teeth, scales. and benes of
vertebrates. Most of the work of the micropaleontologist, however. centers about certain
shell-bearing protozoans belonging to the order Foraminifera. These small forms are found
in tremendcus numbers in marine rocks. Because of their small size, they are recovered in-
tact in rock fragments brought up from wells drilled for oil or gas. More than half of all
professional paleontologists are engaged in the field of micropaleontology and are employed
by oil companies.

(From Essentials of Earth History, ppB8 —1005 Earth Sciences pl04)

New Words and Expressions

1. odd stone fEf ‘ EE
remain [ri'memn] n. Hfk 4. bog [bog] n. WB#: it
3. trace [treis] n. . vt,  #Fs JE#E: R, j’f‘ﬁ; \ 5. tar (] n HE CHED

~
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5. frozen [Mrauzn' a. WKIEHT: RER 25. peleobotany [\pelisu'botani] n. TR

7. a |:1|:=_i~h nf —~ 26. micropaleontology [ 'maikrau,peelian’taladsi] n.
8. dlalom']cecus [daata'meifas] a. i HFE ~ earth W e

FEML 27. embrace [im'breis] vt, , n. ¥, €& €
9. algae ['wldsi;] (BR# algad n, FEH iz]
10. diatom [‘daiotom_ n. ¥ 28, backboned animals ¥HEFhiH
11. The Great Barrier Reef K&EIE 20, decent [disent] n. _Egt_, _’!ﬁ‘ ¥
12, embed [im'bed” vi. #EA; ¥ 30. adaptation Laedaep't;i_l'an] n, B BN HEM
13. petroleum [p'trauljom] n. FHl 214
4. a tiny fraction of —/ERSF L 31, palynology [jpelimolsdz] n, filipE
15, perish ['perif] vi. KT0: B2 - 32 spur-e [sp2:] n. WT

Af scavenger ['skavindze] n. fﬁ_m & 33. pollen ['polin] n. E#

17. decompose [\dikom'pauz] v. (i) BEW; 4+ 34. sensitive ['sensitiv] a. BENS

i 35. microscope ['maikraskaup] n. B
18, crumble ['krambl] v. FP¥E: WH v, 36, protozosn [ prauta'zavan] n. [FAEZHM(]
15, imprint _imprint] n. BE ~ 37, Foraminifera [fogreminifere] n. H7LH
2. soft-bodied animals SR EHY " the order Foraminifera #fLHE
21 jellyfish ['dzelifif] n. K8 E#® 38. tremendous {tri'mendas’ a, WX
22, worm "wom_ n. K. dgd) 39, intact [intekt, a. FEEN, FERMY.: =%
23. paleontology L peelon'toladzi] n o #1% (FCEE) B
24 vertebrate paleontology ¥ HEHM¥ 40, to say the least E/A[ LR

Notes to the Text

1. Each of these fields has its own specialists and embraces such a vast amount of informa-
tion that no one person can satisfactorily master more than a small fraction of the sub-
ject mauer. X¥E CEEYE) SEMNES - EHBETEECHER, LS FHEEY
REEERZR, FUBHES FZEHN SR ARRA ANEATERRHEE
E.
4R AT “such--that” [ GERTMA], fF “X L, BIE” & “Frid” 8. these fields &
I A RS,
mg!y atMn its sister studies. H}Tﬁ'ﬂﬁﬁﬁqﬂwiﬁﬁﬂﬁﬁiFﬁﬁﬂﬁﬁﬁﬂ,
Bril bR EA%EENE, EFMTIAEH.

)Y “Dealing::-" A IrEHTIF Mg, H P as it does WA AMEEER, #RER. it
?’“{‘E Al —H] I Invertebrate paleontology (ﬁ%ﬁ&ﬂwgﬁ) —
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Word Building
Prefix (A7) (1)

AR EEERETEH - EANMEIRE, TINEERARA, RS &m0
SN, fIEET TEX, REFARMEL, BEREHE, AMEERL e ILEL . &
B-EHEOMETLSRE—R=, B - HaESERaR, kR snin
BHERAHER.

BRI SRR 4 AR A AT SR AR B AT

1. BRI

SRR S FELINH ST E S W R HIRREE . O R BT R B A AR
S, HES M T LR E BRI T

1) R “HL. &, RMT HEH

(1)a ,an-, dis-, in-, im-, ir-, un-, F#3: “E, L. A, B HEL. @0 : amorphous
CERFR ). asymmetric (FAFRES)Y. anhydrous (FIKAY), disorder (ILF ). inor‘g‘anic
(AME, B, insoluble CREER, impermeable (BFEMD . irregular (W)
#). unstratified (REEZER), unweathered (EM LB,

(2) pseudn-, FR “EE" #E L, B0 pseudobedding (R ZH) . pseudoconformity
({H& 2. pseudocrystal (BEE).

£3) anti-, ant-, 3.5 “R. 0. B, S8 XL, A0, antidune (JZ¥ ). antiknock
GRE. B, ﬂ[llil}l‘é{i_{!iail_(ﬁ%q:ﬁ)u

2) A “ERAGE, FHELT AT

(1) ante-, fore-, F/R “FERT. FE5E. EaTE" #E L. #40: antecedent CEAAT .
antetheca (FUEE), foreser {FjRE), foreshore (HIIE). foreslope (AIAIB.

E)‘}ircum—, circu-, peri-, FAR “FEE. B, B B Y. #@. circdaion
(. FH), circumoceanic (FREEMR), peripheral (JAEND.

(3) en-, endo-. end-, ento-, ent-, in-, intra-, W& “TER. HEA” WEL. A0
“enclave (fZff), endogenic (PIHEMD, enter (HEAY, inland (). intraclast (F
fB). intrastwatal (ERED,

(4) epi (ep) -, ex (o) -, extra-, out-, F&x “Hb. FME. FS. #EE. BER" BE
. . epeiric (HiZRED), epigene (HMERA Y. exogenic (AMEHT), extraclast (FhAFF
18), outllow (i), owsside (§ME5),

(5)hypo-, infra-, under-, R “FE T IE T 42 FES BB BIA: hypomesamorphue
(T - infrastructure (FE#iE), underground (HTFH#)). underwater CKTRTY.

P

(6) inter-. mcdi-,i@s_so\;‘i FRE “FE 7. FH” BEXL. W, interdelaic (1
M {EIfS s mediterranean (FFE]), mesosphere (F1fH/E).

(7} over-, super-, up . FTm “fEFE. HL. Eee2 L7 BEL B overdap
(#8%). superstrata ( LEBE), superstructure ( HEFHIE) . upwarp CEH, pRR.
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3 A RE, AR L AR

(1Y te , anti . fore-. pre-, pro-, proto-, paleo (palaec} -, T “JE. BF. #.

L IERT 853 S A0, antecedent (SEAAY D . antique (RF{LHT) . foresee (T ALY, preglacial

{!Mﬂ] BT84 . prototype R EER), protozea (EAEENH) . palececology (&1 £ EF) . paleonb-

otany (W%, palevenvironment (FFREE),

(2) post-, R "ER, K7 BEXL, #8: postglacial GKEAFM), postorogenic
GEINEM) . postectonic (FI#ISH), postmineral (HE /S, ;

(3) LEBO: 10— a4 FE . FOELT BE L. E. Ffﬂep_}_lj}_%(ﬁq:fﬁﬁ%)- Nea-
Vt‘atha‘xmldn (FHAEFFR). neotectonic (FHIFER, T

4) R A g AN A F TR

(1} by-. hypo-, para , sub-, #F& “El. W, W WEX. Fli0. byproduet (F&
. hypotype (Wﬂ), pa{atype (AR, subcycle (YKHEM ). subfacies (FAH)Y.

(2rextra ,hyper-.over- s per-ysuper- sultra-, 28 “48. 2 " F L W - extraordinary
CERH Y. hvperhalme (Eﬁ?}(), oversaturated iR, peralkalme (ﬂﬁ’}*_{) , supet-
group (EEEY. ullrabasu CHEEERD .

3) FAE, MEFELGNE

(1} co-, com . eol-, homo-, syn-, Fémx “3EFE., —&. HE., E4" @98 L. @,
coaction (FHIEREHY. community (HE, B ). compound (EEH)). collective (&
7)., homogeneous ([A]28fY) . syndeposition (GEIITFRIERD.

(27 equi . iso-, FRAR “FHE" B L. i equitemperature (ZFBRY ), equivalency
CHFAfE), 1soclinal (%ﬁﬁ‘])-iﬁc@c_]&. (FHER).

6) A FdE AL CAE

(1% holo-. pan-. #7R “¥4~, 52" B . Hli0, holosymmetry {£IFF), holotype
(&R, »pangea | (BE & D, panoranﬂ%?z. R,

(2) de-, d1a— dis-, se-, TR “OF. BA” HEX. FN: decollement (JiHf
i )+ decompose (fr}'Wé) Mﬂg_‘{ﬁ%), dlsmtegratlon CHA%E, 4534, dispersal (4
EOR separability (A B4,

(S)V-Vt‘r-e:n;—“,_-?%;;ri “HENE, i, EET BB X, i, transection (BEEIE) ., transform
(F5{k, F), tansition (GEE), transverse (BEMIA).

(4) macTo~, magni-, mega-, TR K. BEX. EX” BE L. HW: macrofossi
(ﬂtkﬁ)mﬁ’ihcatien X, K0, mf:g%s\[.‘:_]_:}f‘ (E#40, megaspore. CRAF),

Exercises

1. Questions for review;
1) Wrart is 2 fossil?
2) What rocks are most fossil found in?

5) Under what conditions can fossils be preserved?

o
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2.

3.

4.

[#2]

1) Whar study can help scicntists to trace the organic evolution during the geologic
pasi?

%) How many chiel subdivisions is paleontology subdivided into?

63 Why is 1t more difficult to master every subdivision matter of paleontology?

Choose the proper paleortolegic term listed below ro complete each of these sentences ;
index {(or guide). fossils. petrifaction. trace fossils. impressions, remains or traces

13 The term fossil referred 1o the _ of organisms preserved from the geologic
past,

2) Under favorable conditions, organic materials may be replaced by mineral matter
that preserves the form and structure of the original specimen by means of a pra-
cess called

3) Some fossils allow scientists to pinpoint the relative age of a rock. such {fossils are
called

4) An imprint of the organism may still be left in the rock, such fossils are called

7} Fossils that preserve evidence of the activities of living things are called
Write one complete sentence in English for each term listed below:

paleontology Invertebrate paleontology paleshotany

Vertebrate paleontology Micropaleontology
Translating the following passage into Chinese

Fossils are the remains of organisms of past ages. Preserved by a variety of pro-
cesses, they occur in many types of sedimentary rocks. Those with hard parts, such as
wood . teeth, bones. or shell are more commonly preserved than softbodied {forms. The
study of [nssils,called paleontology,is carried on by specialists and is closely allied with
hiology. The chief subdivisions of the subject are invertebrate paleontology, vertebrate
paleontology . paleobotany. and micropaleontology.

At first, fossils were regarded as mere curiosities, but careful collection and study
eventually convinced students that they record the actual succession of life on earth. In
[act. they prove that life has changed and that the change has been from simple to com-
plex. Stages in the gradual process of change enable geologists 1o recognize the geologic
perinds by the fossils contained in the rucks. Fossils constitute the strongest evidence
that organic evolution has taken place.

Although the fossil record is admittedly incomplete, the accumulation of new evi-
dence is progressing rapidly. and the broad outlines of past biologic history are firmly
extablished.

Translate the [ollowing sentences into English;

1y (b 2 &R 6 17 {E IR

2y (b AEEIRE K — i X dr s AR UL AR R L
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Reading Materials
(A} Relation of Paleontology to Other Sciences

It is through paleontology that geclogy makes contact with biclogy. Fossils are the dead
ancestors of living things, and it is assumed that when these ancestors were alive they ox
isted as individuals and as groups in much the same ways as do their living descendants.
Most fossils are distorted and incomplete, with only the hard parts represented. A fossil
Creden, Cgmk . . . . . . T
disfouraging to cofffemplate . in comparison with a living breathing organism, From fossils.
“then,what is to be learned that cannot be learned with greater certainty {rom livirg thingsy

The answer in brief is that information from fossils is essential to an understanding of

the complcte history of life on earth. Many life forms have existed in the past that must
have exptdft;a the environment in ways thar are tolally different from what is seen taday,
We understand how elephants live. but the Life habits of dinosaurs are unknown. If we are
10 judge by numbers and variety, one of the most successful extinet invertebrates ts the
fusulinid. a protistid. How this lowly animal managed to displace larger ,more complex con-
temporaries is a problem paleontologists are working to solve. The present world evidently
does not display all the strategies and adaptations by which life has survived and pro-
gressed,

Fossils tell us practically all we know about extinction. U we had only the living
world, we would never guess the true extent of past life or realize that the fate of the vast
majority of created things has been extinction. The list of losers in the struggle lor exis-
tence grows steadily longer. More detaited study will surely offer clues as to the role of
death in the scheme of things.

Plants and animals live where they are comfortable and tend to find and remain with
the conditions that are best for their existence. The carrelation between organisms and
their environments offers the possibility of learning much about past conditions. Fossils
can tell us if certain sediments originated in fresh or salt water and if a sandstone criginat
ed in a desert or a beach.

We now perceive that iving things have little contral over what goes on in the physi-
cal world. As climates shift, and lands rise, sink. or shift position, their cccupanis must
adjust accordingly. Within rhe last decade. much sttention has been given to the ponderous
forces that have split continents apurt and welded them together in ever-changing aggrega-
tions. Without fossils we would be much less sure about what is geing on. It s fossils that

E



gave us the thought that India was once in the southern hemisphere, that Africa and Sowh:
America were once joined. that Antartica was once in a tropical zone, and that the rocks
at the very summit of Mount Everest were formed in the bottom of an ocean 40¢ million
years }lgo.

(From Essentials of Earth History, p105)
(B) Fossils and Correlation

Although the existence of fossils had been known for centuries, it was not until the late
1700s and early 1800s that their significance as geologic tools was made evident, During
this period an English engineer and canal builder, William Smith, discovered that each rock
formaticn in the canals contained fossils unlike those in the beds either above or below.
Further, he noted that sedimentary strata in widely separated areas could he identified by
their distinctive fossil content. Based upon Smith’s classic obervations and the findings of
many geologists who followed, one of the most important and basic principles in historical
geology was formulated. Fossil organisms succeed one ancther in a definite and deter-
minable order, and therefore any time period can be recognized by its fossil content. This
has come to be known as the principle of faunal succession. In other words, when fossils
are arranged according to their age, they do not present a random or haphazard picture. To
the contrary, fossils show progressive changes from simple to complex; this is , they reveal
the advancement of life through time, which we refer to as organic evolution,

Since fossils were found to be time indicaters, they became the most useful means of
correlating rocks of similar age in different regions. Geologists pay particular attention 10
certain fossils called index. or guide. fossils. Since these fossils are widespread geograph
cally and are limited 1o a short span of geclogic time, their presence provides an important
methad of marching rocks of the same age. Rock formations, however, do not always con-
tain & specific index fossil. In such situations, groups of fossils are used to establish the age
of the bed.

In addition to being important and often essential tocls for correlation, fossils are also
important environmentzal indicators. Although much can be deduced about past environ
ments by studying the nature and characteristics of sedimentary rocks, a close examination
of the fossils present can usually provide a great deal more information. For example. when
the remains of certain clam shells are found in limestone, the geologist can deduce that the
region was unce covered by a vhallow sea. Also, by using what we know of living organ-
isms, we can conclude that fossil animals with thick shells capable of withstanding pound
ing and surging waves inhabited shorelines. On the other hand, animals with thin. delicate
shells probably indicate deep, calm offshore waters. Hence by taking a closer lock at the
types of fossils. the approximate shoreline may be identified. Further. fossils can be used

to indicate the former temperature of the water. Certain kinds of present-day corals must
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live in warm and =hallow tropical seas like those around Florida and the Bahamas, When
similar types of coral sre found in ancient limestones, they give a good estimate of the ma-
rine environment rhat moust have existed when they were alive. The preceding are ‘ust a few
brief examples of how fossils can help unravel the complex story of earth history.

(From Barh Scwnce pplod 168)

New Words and Expressions

1. make ceatact wih  fedmily b BR B IVIE. formulate [Mfomnjulent” vi. i Eid

2, anceslo- "'masisia_ n. #5E : 16. succeed [sak'siid] vi. £8
. descenidant Tdisendant ! on. TR 'y 17. faunal sucvession FHFEMF ()

L odistort Cdis'tat. v (fE) AR 18 come w be known as-- BAKER K-

#5, fusulinid | fusu'lind; n. 25 FE S 14, random ['reendom_ a. BEGEM
e protistid Dproutisnd] oo #5428 20, haphazard [‘hep'haezad | a. {TRE4,

7. coutemporary _kantemporari_ n, FIETEHEAIZEA . 21 wo the contrary M

8. strategy strotd3 oo, A v 22, index {guide) fessil FRfE{L £

9, percerve Ipalsuv] v BEAs Gl 23, deduce [di'djus] ve. HEHF

it. vccupant ['skjupant_ n. (% & 2L clam [klem” n. %
Vll._ﬁgndvmus ['pondaras | a. T EM v 25. withstand [wid'steend] vi. §IEP5: 25k

12, aggregwion wgri'geifen] n, BE 26. pounding wave iR

15. Antartica [ant'oktika. n. B8 H 27. surging wave {f§iH
w1 Mount Everest Lt BrlE  CERFREAEL IR 2%. coral Mkaral” n. HE#]
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Lesson Five

Text
The Geologic Time Scale

Scientists have put together geologic columns (a listing of rock layers of an area in order
from oldest to youngest) from around the world. By using absolute dating methods. they
have been able to find the actual age of most of the rocks in a geologic column. As 4 resulr,
they have been able to piece together an outline of the history of the earth. You can see this
outline in the Geologic Time Scale (Figure 1), The Geologic Time Seale divides the history
of the earth into time units and lists these units in the order they occurred.

Figure 1 shows that the Geologic Time Scale is divided into four large rime intervals
called eras. Each era in the earth’s history ended with major crustal movement. There are
major differences in the fossils found in each era. Each era is divided into shorter time in-
tervals called periods. Pericds are blocks of time during which certain life forms were com-
mon. Often there is no clear break between the rock layers of one period and the next. Peri-
ods are further divided inco shorter intervals called epochs.

The Precambrian Era: The Precambrian Era lasted for about 4 billion Years. Tt began
with the formation of the earth and ended abour 600 miilion Years ago. Very few early,
Precambrian rocks still exist. Scientists believe they were worn away long ago or changed
by crustal movements or volcanic activity. However, areas of late precambrian rock called
shields are found on each continent. Precambrian rocks also show evidence of mountain
building s volcanic activity, and glaciers. Scientists believe that many changes in the earth’s
surface took place during this era. Hardly any fossils are found in precambrian rocks. Only
a few traces of simple ocean dwelling life forms have been found.

The Paleoznic Era; Paleczoic means ancient life. This era began about 600 million
years ago and ended about 230 million vears ago. Its beginning is marked by the sudden ap-
pearance of abundant fossils. Many changes took place during the Paleozoic Era. Continents
moved, climates changed, and many iypes of life forms first appeared.

The early Paleozoic Era was a quiet time. The continents were close together. The lev-
el of the sea was high and the continents were covered by shallow seas. In these shallow
seas many types of invertebrates, animals without backhones, evolved and multiplied. The
early Paleozoic seas teemed with invertebrate life forms. As time went on, new life forms

evolved. Refer to the Geologic Time Scale (Figure 1).
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The late Paleozoic Era was a 1ime of dramatic changes. The continents colhided . pro
ducing larger fand masscs. Mountinents formed. Shallow seas drained into oceans. Toward
the end of the era.climates became drier and colder. Rocks of the last period , the Permian .
~how evidenee of extonsive glaciers in <ome parts of the world. During the late Paleozme
v land life evolved and expanded. The first {orests appeared . aithough they looked noth
ing like forests of roday. The bulk of wdav’ coal beds formed from these Palenzme
forests, Inscets. amohihians. and repules also frst appeared st this fime, and increased
i numbers. By the end of the Paleozoic Era, 230 million years ago. life was firmiv est:b
lished on land.

The Mesozpic Era; The next era was the Mesozoic, meaning “middle life”. Tt lasted
for about 180 million years, During this vast time span. great changes occurred 1 the
carth plants and animals.

Farly in the Mesczoie Era the continents began to break apart. Shallow seas begun to
spread across thermn. The spreading of oceans and seas brought milder climates.

These conditions formed a near perfect environment for the reptiles. They flounshed
wud heeame the dominant life form. The Mesozoic Era is often called the Age of Repriles,
The most widespread reptiles were the dinosaurs. Tinosaurs, whose name means “terrible
lizerds™ were giant reptiles. Seme of the largest animals that ever lived were dinosaurs.

Iuring the Mesozoie Era. plants became better adapted 1o life on dry land. Towards
the end of this era. [lowering plants appeared. Fossils of over 30000 different plant types
have been found in Mesozoic rocks. They include such familiar plants as oaks and maples.

The Mesozoic Fra also saw the appearance of the {irst mammals and birds. Although
neither group flourished during this era, they survived. Birds and mammals eventuzlly re
placed the 1vpe of reptiles that could not adapt as coneitions changed.

No single event marks the end of the Mesozoic Era, But when it was over. the i
nosaurs were gone, No one knows exactly why dinosaurs became extincr. But some scien
tists helieve that they hecame extinet because of a change in climate. These scientisis be-

licve the clinv.e hecame colder and the dincsaurs could not adapt quickly enough. Other

cofentists believe 1hat mammals caused the dinosaurs 1o become extinct. They think thar
mammals were faster and smerter than dinesaurs. As a result, the dinosaurs could not com
pete with mammals {or (nod.

The Cenocoic £ra: The Cenozoic, meaning “recent life” began about 70 million years
age and has not yet ended. 1t is the era in which you live. Fossils and the rock record show
thar many of today’ mounrain ranges and plateaus were lifted up during this era. The
carth has also undergone a cooling and drying trend during the Cenozoic Fra, Thus yenersl
cooling of the earth’s air has brought on at least four ice ages in recent times.

During an iee age. vast sheets of ice cover much of the land. At one point much of
North Amcrica. Kurope . and Asia was covered with a sheet of ice up 1o 3000 m thick. The
ite was as thick ax nine Empire State Buildings piled one on tap of the other. The last we
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age ended 10000 vears age. We may now be living in an inter-glacial age. « time botween

ice ages,

The Cenozoic Era is nfien called the Age of the Mammals since mammals are its danii-

nunt life form. Mammals dominate because they have heen able to adapt 1o the changes

that have vecurred.

The first mammals were small in size. they resembled modern forms only shightly, A=

mammals became more successful. they increased in size. New mammnial types aleo devel

oped. By the middle of the Cenozolc Era, many mammais resembling modern forms had wp

peared, Primitive dogs, cats. and horses. were common.
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New Words and Expressions
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e.}zoch Cupok] ooty 4

Precembrian Clpri‘keembrion] n.. a. BHL
M AT E RD

A T

intervel Cintaval_ n.

.__shie_ld [feld” n. MR
. glacier [‘gl;aasja] n. )
. dweliing ['dweling n. 55l (B4

Palenzow [-paliou'zouik - n., 1"T g
RS AER

L bl L R
() R, oD Eﬁs

&

SERILA!A

. muluply ['maltiplai’] v. #hl; HWE

AN Ao
referto BH0 R % Fi BR
collide Tka'lwd v Mg BUE
dpain Cdveing . Bk, @ tofb
Pernitan Tpomion | o2 a. &R (19):

&F (P

25, extensive | iks'tenstvtoa. LI

27, expund [iks'paond_ v £70h BH

28. the bulk of  KE¥. AT

20, amphibien amibian. ., o, SR |0

W%

3 reptile ['repraild oo o2 MEIra4 v

il Ml'solr‘lij’[-mesgu'zauik_ noy s Jrd
T RER G

32. span [span_ r. M ().

Ei3is
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33. break apart

39. maple [‘'meipl_ n.

10, mummal ['memal] n. WL
11, survive [salvaivl v. £ [ £f;
12, extinct Ciks'tpkrl a. A

13, smart [smat] a. A T4
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FER U
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Notes to the Text

1. Fossils of over 30, 000 different plant types have heen found in Mesozoic rocks. They
include such familiar plants as oaks and maples, TEA7 4 {CH# Edr. DT = H ZHA
RUMEM G, TIHEET (5 SRR X REY.

A1 such ¥ plants fF1E. as 5[ R HBET are MIEHBMAT. W,

Qur plant produces such chemicals as gasoline, kerosene, vaseline, and paraffin. 3T~
£ () M. . L EARRER S ) kTR,

The ice was as thick as nine Empire State Buildings piled one on top of the other. K]
BRI T TEREEERN L.

by A R EE M AT . 318 faseeLasHAT LA ESY HE X e —ET

Tt is as white as snow. H[{1E.

o

Word Building
Prefix (F7 &) (1)

2. BBRERS

WIEAAEWE MU EERIREAE MRS, MHEFERSREINE S
B LA &R Sk SRR AL A, BN HAREXEFL A GRING, TUHE
PARE LIRRES S & RAE, RS EAEY, IRELBHAE, RUERTEL
EFIRWT .

(1) aer (0) - (FREIE aer=air) FXE “F5. " WEL. #i0. aeration (E
K. W (3, acrobe (FEMEY), aerogeology ()ﬁ_rﬂﬂﬁ%) aerosphere (S E),

(2) astr- (BFEF astra=star) T LE "B, K&, Fu” WREE. #0: astrogeology
( KA B E) . astronautics (FR ML), astronomy (R,

(3) atmo- (F T atmos=smoke. vapor) & ¥ & “HE, A5, KEX" WEE.
. atmoclast CRKSFEE)Y. atmolich (S 8%), atmosphere (S B ).
143 bathy- (&SR bathys=deep) & ¥ “I&” MBE. #%0. bathydermal (E7T

1), bathymetric (SFIRAY), bathypelagic URHHEERD.

(3) bio (fBEE bos=[ife) & LR “dfy. £W” G4EE., HN: biochemical (£
£ 547 . biochronology (4464822, bioecology (EE %), biofacies (4 H14F ). biogenic
(R EA) . biostraa (RHIED. -

(6) chron- (FBE % chronos =time) & L& “Bf. A W], BHR” §9 8 B . 80 : chronolith
GERMUE D . chronostratigraphy (SRHLEZ . chronozone (A,

(7 1carb-.carbor- (7 71 carbo.carbonis =coal } & 3B "M B B . A1 : carbonatite
CERIREL &) . carboniferous (B9, M AL, carbonization (BEILFERL) . carbomfication
CHEFL{ER ). carbonite (KD,

(&rerystall-(fif 715 crystallum=crystal) & X B EE  SE"HE R F M crysailin-
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vy CHEGRE Y, crvstallication (45 @R1EM)Y, crystallographic (dgEY).

() electr- (&R electron=amber) R X & CEET, TN CH g E R {40
electronog (IR, electrolytic (HER) . electromagnet (EE%%)

10) ge- (Mg ge—eanh) § 32 sk, K#” BB, B geochemistry (H
Bk, geochronology (MUFAEILS). geography (HUTHE), geohvdrology ¢ K LHUR
). geomorphy (M%), geotcctonics  KHIREE).

CED) hydr- (70815 hydor, hydros=water) &3 “K. i, &7 RER, Pl
hydrocarhon G S {1k 240 hydrodynamies G K 81 /1% ), hydrogenic GK8L# ) hydrogeol-
ogy (GOCHRZE), hvdroxide (SR, hydromica GKZER),

(123 lith- (FBE 3 lithos —stoned & LR “7i. HFH” fEE. HM, luhification
TR A Tnhociast ()8 ). lithofacies CE4H), lithogenesis (FEEYEAD « lithosphere
CEFED. lithostratigraphy (HTHLE2),

3. REREMAHE

fEIE Y, AEREIT WA RN ST RSN, XU MEETRN S
. XS R RMAE AH NI R EER LT AR B, & TR AT
ATTEEME L RN A. FHEWTERE L, FAESME, MR A A,

R BB S RE AU FEM,

(D EAE - - AR R F AR A R, fif: rreversiole (4 A3
§1) . disassocis te (S4B, decompress (HERRFE A7), correspond (FF&. R FiRHH
irre-. disas», decom-. corre-, BB EHETHL.

(2) BEFTH- =0 A AR A S M. 0. indecompos-
shle (ASEFSPEY) HE indecom-HEZH =T BIREERHEMAH.

(3 AT — NEHEE — M ENREREPRARIE TR RS, fl.
cover (Hi3)y —mBIRTE “co-". FEEMES “o” WRLT .

Exercises

I. Questions for review;
1) What is the geologic column?
2) How many eras is the (feologic Time Scale divided into? Write their terms.
3) How long does the Precambrian Era last for?
1) When does the Paleozoic Era begin and end?
5) What are the largest animals that ever lived during the Mesozoic age?
#) Why the Cenozoic Era is often called the Age of the Mammals?

2. Select the lerter of the answer that best completes each of the following:
1] Most fossils are found in
&, sedimentary rocks b. igneous rocks
¢, meramorphic rocks d. all of the above

23 In order to form a fossil the remains of a living thing must



L.

teodecn b. be eaten by other living things
+. he buried soon aflter it dies d. be trapped in molten rock

33 The parts of living things moest often preserved as fossils are

a. softy fleshy parts b. hard parts

¢, hair d. biood

i) You precer. lvemmthe

a. Precambrian Era b, Mesozoic Era
r. Paleuzoic Era d. Cenozoic Era

The Geologic Time Scale is divided inte L
a. eras.e periods. and epochs

h. vears. months. days

¢, igneous. metamorphic, and sedimentary rocks

d. mountains, oceans. and swamps
Complete the Following .

1) Eras are subdivided into

2% Fossils provide clues about ancient

o

The earth’™ rock layer are arranged in relative-age order in the geologic

1) When correlation between widely separated areas or between contients 1s the ob-
jective . the geologist must rely upon .

3} The wrm system refers to rocks formed during a .

£ Finding the relative age of rock lavers and the events they represent is called

Translating the following passage into Chinese;

In order to develop s geologic calendar that is applicable to the whole earth. rocks
of similar age in different regions must be matched wp. Such a rask is referred to as cor
relation. Wirhin a limited area there are several methods of correlating the rocks ¢f one
locality with those of another. A bed or series of beds may be traced simply by walk a-
long the outcropping edges. However this may not be possible when the continuny of
the bed is interrupted. Correlation over short distances is often achieved by noting the
place of a bed in a sequence of srrata, or a bed may be identified in another location if
it is compused of very distinctive or uncommen minerals, By correlating the rocks from
one place to another, a more comprehensive view of the geologic history of a region is
possible. No single locale contains a complete sequence, but correlation reveals the toral
eatent of sedimentary rocks,

Translate the [nllowing sentences into English .
yoRMRPRIE LT AR ESR.
2 ARIRE R E IT R N ABEARSL. SRS, FE MRS RE A,
By HERL- St Y AR PR VR A R AR N T LR
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Reading Material
Sequence Stratigraphy

As the search for oil and gas becomes more sophisticated and produeing basins and fichis

hecome more intensely developed. geoqcmmlsls need correspondingly more accurare tech-

niques for stratigraphic analysis. To achieve this accuracy . companies are shooting higher
resclution seismic lines ,acquiring 3-D setsmic surveys over fields.and coring more 1o quan
tify reservoir properties. Exploration and production staff. provided with these more acen-
rate but expensive data,often under uilize the well log. In basins or fields with a suflicient
density of well comral, the coupling of conventional well logs and cores wirth the 1ech
niques of sequence stratigraphy resulis in an ultra-high-resolution chronostratigraphc
framewcrk for subsurface correlation. Where integrated with seismic and biostratigraphie
data .well-log cross scetions yinterpreted using sequence and parasequence concepts . provide
5 state-of-the art framework for analyzing reservoir. source. and seul distribution. whether
on a regiomal or a field-reservoir scale.

Sequence stratigraphy is the study {)f@ﬂg@]b‘ related facies within a framework of
chronosiratgraphically significant surfaces. The sequence is the fundamental stratal uni
for sequence-stratigraphic analysis. The sequence is defined as a relatively conformable. ge
netically related succession of strata bounded by unconformiries or their correlatve conlor-
mities, Sequence boundsries form in an increase in water deEth. Parasequences and para~e-
quence sets are building blocks of sequences. A pavasequence is defined a= & relatnely con
formable , genetically related succession of beds or bedsets baunded by marine-floading sur-
faces or their correlative surfaces.

A parasequence set is defined as a succession of genetically related parasequences that
{form a (IiSt?]l(‘TiVe stacking pattern. bounded . in many cases. by major marine-fleoding sur-
faces and their correlative surfaces. Parasequence and parasequence set boundaries form in
response to an increase in water depth. Under certain depositional conditions , paraseguence
and parasequence set boundaries may coincide with sequence boundaries. Parasequences arc
composed of hedsets, heds, laminasets, and laminae.

These stratal units. ranging from the sequence down to the lamina, are the building
blocks of sedimentary rocks; they form a stratigraphic hierarchy and share two fundamen-
ol properties, (1)each stratal unir, with the exception of the lamina,is a genevically related
sueceseon of sirata bounded by chronostraugraphically significant surfaces. wnd (29 cach
surlace 15 @ singles physical boundary that everywhere separates all of the strata 1bove
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from al! of the strata below over the extent of the surface.

Because of these properties, bounding surfaces that are correlated using well logs.
cores s ur outerops . provide a high-resolution chronostratigraphic framework for facies anal
ysis, Vertical facies analysis must be done within conformable stratal packages to accurate
ly interpret coeval. lateral facies relaticnships along a single depositional surface. Parase-
quence ., parascquence set, and sequence boundaries, occurring with a high frequence in sili-
ciclastic sections, are signilicant depositional discontinuities; in most places. the facies
above these houndar.cs have no physical or temporal relationship to the facies below. Be-
cause of this decoupling of {acies across these boundaries, vertical facies analysis should be
done within the context of paraseguences parasequence sets, and sequences to interpret lat-
cral facics relationships accurately.

Using well logs. cores . or outcrops . each sequence can be subdivided into stratal units
called systems tracts. based on their positions within the sequence, the distribution of
parasequence sets, and facies associations. Systems tracts are defined as a “linkage of con-
temporaneous depositional systems”. Systems tracts provide a high degree of facies pre
dictability within the chronostratigraphic framework of sequence boundaries. This pre-
dictability is especially important for the analysis of reservair.source ,and seal facies within

a basin or a field.

New Words and Expressions

I, Sequence Stratigraphy 2 F M2 F ‘ 14, reservoir ['rezavwa_ n. ERE; HAE

2, sophisticate Lsa'ﬁﬁtikcn]; ik GRESTHEE | 15 seal [sid] 1 WEE ,
ES 16. conformable [kan'faxmabl Ja. —EEhY s fHELHS

3. acturacy | 'mkijurasi] n. KU, WEWRE G2 EEH

4. shoot “Jwtl v NGB & BH 17. bound by Ble- MR TR

. . higher-resolution E¥EAM 8 CH) 3 & T B 18. unconformity {'anlkan'fomiti] n. FES

6. 2D SCiaI’T?iL_: sur\;eys T BN A 19. conformity [kan'famiti] n. #&

7. quentify [kwontifsic vr. BEE (EF) W3 | 20. black [blok] n. Ht; Wit B BB R
B e EHa WA A Blew Ak H
under-vtilize FH A2 2l. bedsets ['bed'sets] n. HEH

# well log  MFEdh#E; BEH (M) Jds \ 22. slacking ['stzekin] n. &M *

o coupling [eaphg] n. 2& 4 VOHER; ik } ~~ pattern RINAIF

10. ulrra-high-resolution # &8 (F) \_ 23. laminasets [leemina'setss n. 41 (8 %A

11. chronostratigraphic [ kronsstretigreefikla. “E | 24, laminae {lemini:] n. # Z; # 2 [
R By L Lo

12, inegrate [mrigeeit, v. (F) % (& B & 25. hierarchy [haiorakil n. E£: Bo: 2K
(HiE 1D OBR
e with e kjee e 26. puackage ['paekidz] n. #l; 70

13. parascquence ['paralsikwans) n. RIEFE. 27, c,qega_l [E(_au‘i:\_f_e{l]_\-a. e [ RS HELY
fBIF 28. discontinuity [diskonti'njusiti n. (Ul (i
~ sets BUEFE J AR E R
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. temporal [remparal] a. BEY.: HEY
30.
31,
32,
33.

decoupling [dikaplip” n. FECAL; 5%
systems tracts RiklE
facies associations  FHA G

linkage [Vigkids] n. 48 3% W& 45

s
34. contemperaneous [kan tempa‘reinjos] a. [A]RF

f: AL/
35, predictability [pridikta'biliti] n. A B ®#:
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Lesson Six

Text
Faults

We defined faults as fractures along which adjacent rock masses have slipped past one an
other in response ra tension, compression, or shearing stress. The various categories of
faults are named according to the relative directions in which the slippage occurs. It 1s not
always an easy matter to identify the direction of movement, especially in faults that have
been inactive for perhaps tens of millions of years. Geologists depend primarily on offsets
in strata, veins, or other geologic structures in order 10 determine the character of ancient
faulis. For those faults that have experienced recent movements, small escarpments (fault
scarps) may show where ore segment of the surface moved upward relative 1o the other
There may also be displacements of physiographic features such as ridges and stream chan
nels.

The plane of dislocation along which movements occur during faulting is called the
fault plane. As rock masses grind past one another along the fault plane, they produce
polished surfaces with parallel scratches called slickensides. and pulverized rock material
known as fault breccia. Sometimes, the rock is ground 1o a clayey mass named fault
gouge. For geologisis attempting to recognize deeply buried faults by examining well sam-
ples. these clues to faulting can be of great value.

Fault planes are permeable zones along which hot mineralized water sclutions can pen-
etrate and may, in relatively rare instances, deposit valuahle ores. Long ago. miners run-
neling along sloping fault planes helped to provide a nomenclature that even today serves
to identify certain kinds of faults. The side of the fault on which the miners stood was ap-
propriately dubhed the footwall. Above their heads was the hanging wall. These terms are
put to work in the definition of two major categories of faults; namely, normal and reverse
faults, In a normel fault the hanging wall appears tc have moved downward relative 1o the
footwall. Normal faulting cecurs most frequently in rocks that have been subjected to ten
sional forces —that is. forces that tend to stretch the earth’s crust. A system of normat
faults with parallel fault plunes may have topographic expression as linear uplands separat-
ed by troughlike valleys, somewhat like a piano kevhoard in which some of the keys are
depressed. The 10pographically depressed down-faulted segments that are hounded by nor-
mal faults are termed grabens after the German word for grave, and the high-standing
biocks that generally stand above the grabens are called horsts.

In reverse faults. the hanging wall appears to have moved upward relative 1o the fom
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weil. 10 e halde 1wo blocks of wood cut, then it is easy to visualize that they may be
furhrd tugether or compressed in order to ceuse reverse faulting. Similarly. regions of
errth'scrust containing numercus reverse faults (and folded sirata as well) are hkely to
huve experienced compression.

Reverse faults in which the fault plane is inclined 45° or less from the horizontal plane
are termed throst faults. In other words. thrust faults are simply low-angle reverse
faults. They may have displacements of many kilometers. Such thrusting may carry im-
mense slabs of older erustal rocks great distances. so that they come to rest on vounger
rocks that lie beneath the fault plane. Erosion may remove most of the overthrust shect.
leaving behind isolated ercsional remnants called klippen (singular klippe). In sonwe
thrusts, the upper plate is thin and composed of relatively flat rocks. Other thrusrs are
formed during exireme [olding. in the course of which the lower imb of an overrurned fold
breaks and the fold is pushed out as a thrust fault. In the Alps and Himalayas such over-
thrust folds occur on a spectacular scale.

Another type of faulting involves primarily horizontal movements along the strike of
the fauli plane. Such [eatures are called sirike-slip faulis. although the informal term lnr-
eral fault is also sometimes applied. The fault plane in a strike-slip fault is usvally nearly
vertical , and the displacement along the fault planes may be tens or even hundreds of kilo
meters. The San Andreas fault is a lateral fault. It is over 1000 km long. and the toral lar
eral movement along the fault has been estimated by geologists to be over 500 km.

Strike-slip faults are designated as either “right lateral” or “left lateral. ” In order o
decide which kind is being observed, one simply must look across the fault zone to see if
the opposite block maved to the right or left. The San Andreas is a right lateral faunit. Of
course, there 1s nothing in nature that restricts fault movements to either a purely vertical
or horizontal direction, and sc there are many fauits that are formed as a result of oblique
and rotational movements. For example. an oblique-slip fault exhibirs displacement
obliquely across the fault plane. Rotational faults oecur where one of the faulr blacks turns
or rotates in a scissor-like motion against the other.

(From Contemparary Physical Geology: (Geologie Structure. pp27h-- 279)

New Words and Expressions

I. fault D] no BE ‘ 6. dislocation [disla'keifan] n. 72 WS
~~ plan:  Wff2®: normal ~ EHFE, 7.slickenside 'slikonsaid]} n. {ERE; WLEG

reverse ~ WilifZs thrust — WHERZ, | 8 pulverize ['palvoraiz] v, A
strike-slip ~ &G a2 j \9. breccia [bretfol n. MEE
i slippage {'slipid3. n. a4 ‘ 10.clayey ['kleii] a. #i3:f9: ¥+ 0y
adooffser [ ¢ fser_ n. JKEHRER ‘ -\-11- gcyge—@gauds] n WFEE
wboescarprent {'kapment| o, EH 2EE fault ~ WFEIE

Cnophysiographie [hzagreik] a. M ST Y 12. permesble ['pormjobl] a. VWi . KA
il




. 20 horst Thast? on. Mg

5] 1 2l.fold ['fould. o. ¥

13.dub Zdabl v, BT e RE (HE) 22. oblique [a'blik] a. §ipts T84
’ M. footwall “futwa:dl 0. FiE ~- Wlip faules (LGRS 0B

15. hanging “'hanig] n. & 23. San Andreas Cseen'mndras. n. ot V18

~wall b % . 24 sewssor [sizal o BT

16.upland [apland] o, &M b l -~ like ﬁgﬂiﬁtfﬁ]

t7.woughlike [tro €0 flaik a0 WIBH 25. lateral _leetoral] a. MITHAY: Eild
I18.graben graban” n. HIFE .26 nomenclature Imov'menklatfay n. #35%, A
19 grave 'greiv_ n. HRE 27. mincralize _'minaralaiz) vt. {#& 1k, fEaA L

Notes to the Text

Sometimes, the rock is ground to a clayey mass named fault gouge. FEf. & W
HE R AL T AR TR .
ground % grind By £ 4334,

Word Building
Suffix (F&)

1. BEREK

EREMBEE LR ENHE. BRI ERE Y, HEELHE%. FHS
BB T, W work (vi. L, 38); worker {n. LA); workable (a. A[WT
B9y working (o, Fshy, XFHENT SRS, TR B RRARSE,

— A ERRAD ARG, B MHARREAE . K& human (BAMEHF) - bu-
manistic (APEBFFIRYY; electoral (U ZHEEAD elective (GEFEZER],

EREMAFUEE —EMERMS Y, EETERVE N, KER THEEH
RESTH P RIAHE L. RUR, BESEEWREF RS, T B0 E M
mF B

2. iR

B AR A T e A o iR, B LEFESRWER. EANEELER. &
SE4 RS R R SE X R S & TR A 26 A M 1R ] i R B (semi-sufix). B0 -man
y "Ry R 2E, seaman (M H); airman (KFTH); fireman ($AH). land.
(a) BEFIEHEZ ERFEERME; Scotland (EFEY, Finland (F2L): England
CHERE Y Greenland S ) (b ER AL #HE 2 & thomeland (M E . [ ) i {atherland
GHED,

3. BERIRER

5 R R 2 el Rt I e S IR A R BT R B TR R 1) TR IR A B 0 IRAE T AR R
AiE, LSS, TEEEMGILAHE - EEA T FE
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(a) logy JeR™rF il R G EE, $li. geology (2 )5 geomorphalogy
(HARF ) hvdrology (K L2 petrology CETI% ) ; mineralogy (8" paleontology
(g ). _\usmo ogy (MBS ),

(hy site B3 "4 T8 25 BF7. . cryolite kB E); oolite (i
caleite (f;'ﬁé?iﬁ‘,‘; graphite (473 granite (FEEFEY; boute (ELAE); pynre ¢ &
) magnete (FEEHH ) hyalite (BEHEE ) anthracite CERELE) 5 dendrolne (H A
ftar:

(o) sphere #5 YT - 2", H{E0, hydrosphere (KB )5 biosphere R4« litho-
sphere (53458 magnetosphere (Ff)2): ionosphere (BBEE); atmosphere (K12 1
homesphere (V/JHEE), I!El_igsphere (H3eRE).,

Exercises

1, Questions for review:
(1) What arc faulws?
(2) What are fault planes?
{3) What are the reverse faulrs?
(4) What arc the normal faultis?
(%) What arc the hanging wall block and footwall block?
(6> What are the major kinds of faults described in the text?
2. (Choose the correct answer frem the alternatives .
(1) Reverse faults in which the fault plane is inclined 457 or less from the herizonal
plane are termed
i Thrust faulis b. Reverse faults
¢, Normal faults d. Strike-slip faules
(2) Which of the following is not the name of an ancient continent? _
a. Tethys b. Pangea
¢. Gondwanaland d. Laurasia
(3} The new global tectonic theory differs from the elder theory of continental drift in

which of the following ways?

a. It postulates different rates of ralative motion

b. It does not require the continents to move across the ocean floor
¢. It uses convection currents as the driving mechanism

d- It explains orogeny at the leading edges of continents

(4 Thick, geosynciinal sequences of sediments always accumulate in which of the fol-

lowing situations? __
a. At the edges of lltfmspherc plates
b. Ar the edges of continents

c. In decp oveanie trenches



G-

6.

d. In interior basing, within the continents

(53Many important phenomena cannot. at present, be explained in terms of plate (ec
wonics. which of the following has been explained under this theory? o

a. (Gradual subsidence of broad area within the continents

b. Gradual subsidence of the ocean floor as it moves away from an actively spread
ing ridge

c. Extensive [lood basalts away from the plate margins

d. Substantial earthquakes thousands of kilometers from plate margins

Put the verbs in brackets into either the infinitive or the-ing form as required;

1) Tt 1s sometimes difficult _ (rell} the difference of the three major kinds of
faults.

21 A good student enjuys __ {try) solve difficult problems.

33 We have not yer got used to ____ (use) the =ea as a major source of minerals.

1V The geclogist helped the engineer ___ (caleulate) the stability of the building
by __ (give) an accurate description of the soil,

31 Hydrogen combines with oxygen __  (form) water.

%) Mincrals in rocks sometimes decompose {form) other minerals.

(iive the Chinese ‘English equivalents for the following:

1} for descriptive purposes 6 JE[m) i B E
2) with respect to that fault 7y E#E

33 to he parallel with the strike of the fault 8) MR

2) a classification of fault displacements 9) Mo

Y to offset for many miles 10y %

Translate the following passage into Chinese;

Faults are classified on the basis of the relative movement of two formerly adjacent
points, Should movement occur in the horizontal direction and parallel to the plane of
the [ault. the fault is referred to as a strike-slip fault. Strike-slip fayits can further he
divided into righr and left-slip faults, depending on the direction of offser. If the oppo
site side of the {racture appears to the observer to have moved toward the left. the faulr
is a left ~lip fault; in a right-shp faulr, movement appears to have heen roward the
right.

Translate the {ollowing sentences into English;
1y X R L R,

2y MiTAKRESHER KX,

3 WEE R GEEPKTWEM R,

U EWE,. EREENTER.LES).

5y R BN 2 el LG R WEg SR A .



Reading Material
Crustal Plates in Motion

Perhaps more than other scientists, geologists are accustomed to viewing the earth in its
entirety. It is their rask 1o assemble the multirude of observations about minerals, earth-
quakess and landforms und then 10 weave them into a coherent view of the whole earth,
Recently. a theory has been developed that provides a marvelous basc for associating a
great variety of geologic information. As noted earlier. the concept is plate teetonics, and
it has taken on 1he dimeosions of o scientific revolution. The idea of plate tectonics was
late in coming. Porhaps the most important reason for its tardy arrival was simply that.
until recently. there were large regions of the globe that could not be adeguaiely studied.
This was particularly true of the vast realms beneath the oceans. For two ceniuries, the
continents . which constitute only abour 39 per cent of the earth’ surface, reccived most of
the attention. Technologic problems and formidable costs so limited exploratici.  “he o-
cean floors that oceanographic research was possible only for relatively few earth scien-

N
The lack of adequare information about the ocean floors began to be corrected in the
vears following World War I1. Research related to naval operations produced submarine
detection devices that also proved useful in measuring magnetic properties of rocks. In the
mid 19405 to late 1950s the need 1o monitor atomic explosions resulted in the establish-
sent of a worldwide network of seismometers. This network provided the precise informa-
tion about earthquake locations required in order to produce seismic maps such as that
shown in Figure 3-36. The magnetic field over large portions of the seafloor was soon to
be charted by the use of newly developed and delicate magnetometers. Other technologic
advances ultimatelly permirted scientists to examine rock that had been carefulty dated by
radiometric methods and then to determine the nature of the earth’ s magnetic field a1 the
time those rocks had formed. Geologically recent reversals of the magnetic field were soon
detected , correlazed. and accurately dated. A massive federally funded program to map
the hottom of the aceans was launched, and depth information from improved echo depth
sounding devices poured into dara collecting rooms to be translated into maps and charts.
A new picture of the ucean floor began to emerge. Tt was at once awesome, alien. and ma-
jestic. Great chasms. flat-topped submerged mountains . broad abyssal plains, and impos-
ing voleame ranges appeared on the new maps and begged an explanation. How did the
voleanic mid-oceanic ridges and deep sca trenches originate? Why were both so prone to
carthguake activity? Why was the Atlantic Ridge so nicely centered and parallel to the
coastlines of the continents on either side? As the topographic. magnetic, and geochronao-
logie data accumulated . the relationsbip of these questions became apparent. An old theory
called continental drift was re examined . and the new, mor@éﬁmﬁggggg_theory of plate
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tectonics was formulated. Tt was an idea whose time had come.
CONTINENTAIL DRIFT

1t requires only a brief examination of the world map to notice the remarkzble parallelism
of the continental shorelines on either side of the Atlantic Ocean, If the continents were
pieces of a jigsaw puzele. it would seem easy to fit the great “nose” of Brazil into rhe reen-
trant of the African coastline. Similarly, Greenland might be inserted between North
America and northwestern Europe. It is not surprising, therefore, that earlier generations
of mapgazers alsc noticed the fit and formulated theories involving the break-up of an an
clent supercontinent.

in 1858 there appeared a work titled La Création et ses Mystéres Devoilés. Tts amhor,
A. Snider, postulated that before the time of Noah and the biblical flood , there existed a
great region of dry tand. This antique land developed great cracks encrusted with volea-
noes, and during the great Deluge, a portion separated at a north-south trending crack and
drifted westward. Thuas, North America came intc existence. Near the close of the 19th
century, the Austrian scientist Eduard Suess became particularly intrigued by the many
geologic simitarities shared by India, Africa, and South America. He formulated a more
complete theory of a supercontinent that drifted apart following fragmentation. Suess
called that great land mass Gondwanaland after Gondwana, a geologic province in east-
central India.

The next serious effort to convince the scientific community of the validity of these
ideas was made in the early decades of the twentieth century by the energetic German me-
teorologist Alfred Wegener. His book, Die Enstehung der Kontinente und Ozeane ( “The
Origin of the Continents and Oceans”}, is considered a milestone in the historicat develop
ment of the concept of continental drift.

Wegener’s hypothesis was quite straight forward. Building on the earlier notions of E-
duard Suess. he argued again for the existence in the past of a supercontinent that he

_dubbed Pangaea. That portion of Pangaea that was to separate and form North Arierica
an;:iiE?urasia came to be known as Laurasia, whereas the southern portion Egtaiged the ear-
lier designation of Gondwanaland. According to Wegener’s perception, Pangaea was sur-
rounded by a universal ocean named Panthalassa, which opened 1o receive the shifting con
tinents when they began to split apart some 200 million years ago. The fragments of Pan-
gaea drifted along like great stony rafts on the denser material below. In Wegener’s view .
the bulldezing forward edge of the"slab}mighl be expected to crumple and prodiuce moun-

tain ranges like the Andes.
{ From Contemporary Physical Geology: Crustal e formation and Global Tectonics, pp288—289)

New Words and Expressions

1. entirety [in'taiati | n. Bk, 2k; 28; €8 | 2 maitude [malvitud] o &8, KB
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ve

3. landform [lendfam ] n. HLFE

4. coherent kou'hioront] a. EHERY: RN #
EEEH

3. marvelous ['mavilas]a. 8% FFERMN: 5
A Aoel By

6. dimension [di'menfan: n. EHE; bY@

*otardy [tadil a. fREY TIEIERMERY: B B
Yy

8. formidable ['fomudabl]a. ATAAT: & AL &M
MER I METERRE

9. oceanographic [nufjagf:ﬂ‘graefik] a. MEEEH

“0.naval ['neival] 2. MEH: FEARH

1-1.se_ismometer [saiz'momita] n. WIEF

12.chart _"tfatd vi. HEFFRESR

13.delicate ['delikic] a. MY HHEH

11. magnetometer [meegnitomita_ n. BB ; B
ik

15. radivmerric [reidis'metrik] a. BHHLM

16. federaliy ['fedorali] ad. TE-LBHTEW

17. launeh [Namt[] vi. 35 Talkdr: T8

18. echo ['ekou] n. EFE; K

10, alien [‘eilian] a. MR AHIFEHN

20, majesric_r[ma‘d;;csrik: a. EF=Rys BRPEAY,
[

21. chasm [ewezam] n. B 2L K5 KM
22. submerge [sab'macd3] vi. BE, &
: 23. imposing [im'pouzp] a. #HARENEM
.rreemrant_[ri:‘emrant] a. MABY
ZS.mapgﬂ;e-r [meep'geiza_ n. BERME Y
26. supercontinent [sjuwpakantinant | n. 8 ARG
27.Noah ['nova] n. ¥
+ 28 bibiical ['biblikal] a. T&H#M. () 1 LR
29. antique [een'tik] a. ASRAN: ToHH

. .30.encrust [in'krast] vi, H#ET
b@’l.deluge ['deljuds] n. #K: K F

32. fragrnent"ént\lon [Hreegmenteifan] n. 9% B
[33:F

33. Gondwanaland W B89 XRE

34.energetic [enadzetik | a. I AEEEH
35. Pangaes n. £ KK BEGERE

36. Laurasia n. X W iHEE

37. perception [pa'sepfan ] n. FRH, M

38. raft [raft] n. RE; K
. 38, bulldozing [bul'donziy’] n. #H4:

40, crumple Thrampl] vt B F9: H%
41. Panthalassa & &

42. Andes ['eendiz] n. EEHNOFK (FEH)

© oo
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Lesson Seven

Text

Coal-Forming Environments

For :\qr_l_it.nf dead vegotation 1o be preserved as peat, which is ultimately transformed mto
coals the aurea must be proweted from derrital influx. and the water table must remain at
or near the ground ~urface. with no proncunced seasonal lowering. Tdeally, rthe water
iahle should rise Slowly and continuously as the ares subsides 1o keep pace with verticnl
growth of the peat mat. Vegetable matter is rapidly oxidized on exposure. wherea~ pro-
long-d submergence terminates peat accumulation. A low pH of the peatswamp waters 15
vritival s tetal degradition results at values higher than 5. ¢ Even a temporary decrease in
aciedity may degrade the peat surface (0 the extent that inorganic constituents of the ecellu-
lar ~trueture of swamp vegetation are preferentially coneentrated on the surface. subse-
quertly 10 v preserved in ooal seams as ash bands. Similar authigenic partings in seams
huty also arise from burmng or emergence uxidation of the peat surface. Prolonged marnne
ineussion s another factor that significantly reduces the preservation potential of a peat,

Conditicns fiverable for peat accumulation prevail in paralic coal-forming environ-
s of hunid coastad plains as sou-hern New Guinea. parts of West Alrica. and the Gulf
and Atdantie voastal plairs of the United States. Acenrding to Diessel over HC percent of all
coals formelim a paralic setting. The other broad category of coal-forming environments.
limmic. 1s represented by alloviated intevior basins such as the upper Nile and Amazon.
and infilled lake systoms such as the Okavango of Botswana.

The bulk of the peat mar tends to be provided by collapse and decay of the plant cov-
ery but this = . gmeated in some areas by driftwood and floating leaves. Rate of pat ac-
camalaten largely depends upnn elimate. being some four times more rapid in tromeal
{oreats than i swamps with lower ramfall. Open marshes tend to be dominated by reads
and other herbaceous planis and accumulate large quantities of fungal spores, Marshes. hy
definition. are devend of trees. 2o the resulting peat has no woody matenal. Swamps< con
tain i variabte amount of woody vegetinion which increases in proportion in forest swamps
anel drier forests with dense stands of large trees, Aquatie and semiwquatic plants con-

ribute material 1o abandoned river channels, ponds and lake {loors, which commonly slso
reverve rransported debris. These lake {loor accumulations include the degradalion prod
uels of pro existing pest beds. 1o which are added algae and spores.

All of 1hese different plant communiues give rise to dist:net maceral 1vpes in coal. For

example. <tuoted herboccous plants and grasses produce inertinite-rich coal, whereas an
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abundance of large trees gives nise to a high vitrinite content. But miaceral conte iz 1~ o
influenced by factors of hvdrochemistry and level of the water table.

Mot vegetated coastal lowlands show a parallel zonation of plant communnees. re
flecting differences in maturity. =ubstrate consistency . salinity, and grovndwat o level,
The groundwater level affectx not anly the living community. but alse contras the v
chemical environment i which the dead vegetal matter accumulates and 1= presesved. b
maodern tropeal areas. mangroves exrend to the limits of aeration corresponding appron
mately to neap high water. Mangroves commonly show a well-defined zonation depending

ST
upon frequency of fidal inundation. and merge landward into dense fresh-water ~wamps,
marshes are consgnenonsly absent, Away from the tropics . mangroves gradually givo was
1o a belt of marsh 1 1he most youthful, seaward portions of a prograding low and, <l i-

merges wland inie treebearing swamps, Wh(,-rc_rivvriiec_Jl_ifgbir_gE 1= large and urconfined.
fresh-water marsh may exiend 1o the waters edge:“ More commonly . however. o hels of
saline marsh forms along the zane affected by tidal incursion, and is succceded inland 1y o
-ransitional zone of brackish marsh followed by [resh-water marsh and swamp. Brockish
and sall marshes are generally not arcas of significant peat accumulation, Where present.
these thin, marine-influenced peats tend to have a high 11,8 content . giviag rise ¢ pvrine.
algh-sulfur coals.

Fresh-water marsh ts & more important coal-forming environment . Large aroas can be
dominared by vegetation floating in shallow . stagnant pools. These floating mar=h pents
thus accumulate on a root-free underelay and couid be mistaken lor allachthonous couls in
the rock record. In other fresh-water marshes the rootmat of living plants is vory thick.
with roots comnmonly penetrating 1o depths of a meter or more, The mershes grale land
ward into more stable swamps. which may extend vast distances up alluvial lowlaneds o
ward the continental interior, Many of the thickest peats accumulate in these {resh water
swamps, and most economically important cozl ~eams were probably of similar swamp «ri-
gin,

Raised bogs may be locally imporrant as a peat-forming environment, and aceount lor
some excepuonally thick seams. These bogs are related to Rﬁfhe‘i water tables. and vary
from moss swamps in homid temperate regions to lorests cnm};i_;i-;;gr—;mii'éﬂ‘ nitmber of
1ree species in the tropics, Raised bogs of Borneo carry dense forests with one o= twoe tree
species domunant. The pear surface is typically convex upward, with sieep slopes noar the
margins of the peat domes. Toward the rivers and coast the number of tree snd chiub
species increases before passing into coastal mangroves.

Peal growth may evolve through several stages before becoming a peat bog, Tnitnal
peat accumulation from allochthonous material . or as a partially floating mat {ormes wn i~
land that diveris {low across progressively narrower arcas of the basin, The peat hoennes
less fregnently inundatea as a consequence. with additienal water being suppticd by direet
precipitation or by local drainage into tbe depression. The rising peat surface develups s
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own water table and ¢an therefore accumulete to considerable thickness. In the case of 4
33 m seam in Queensland. Australia, Smyth suggests that the final stage of peathog for
mation wes rapidly arrained. and that most of the seam accumulated in a peatbog environ
ment. This mode of accumulation also accounts for the very low detrital mineral contem
and the high-inertinite composition.

Although oflten difficult to reconstruct because of poor preservation and mixing . the
pelevecological relationships of some ancient coal-forming plant communities have beer o
tablished. These reflect a zonation into open water. marsh and swamp environments not
unlike those of today. although spanning a narrower range of adaptations. The [erniike
floras of the Northern Hemisphere Carboniferous are poorly represented in Gondwana de
posits, which characteristically show evidence of autumnal leal accumulations.

CFrom Tervigenous Clustic Deposttional Svstems, pp255-—238)

New Words and Expressions

l.peat [pir] n. B3 . 2).vitnmite _'vitrinait_ n. SR BEREKE
2. detrital [di‘lm_ilalj . BRIER 22.substrate _'sabstreit. n. Hf: HE
donfux Jinflaks” n. A EE WA 0 2% salinity [sollinitiC n. LW, 8
I. pectswamp ['pit'swomp, n. IE#idIE 21. m;mgmve-[‘mat:ljjgrauv] n. (PRAFIEMET KA
5. cellular ['scliula] a. MR, B0H B FAR:1E
EiNGG] 23.aeration _eio'reifon] n. MW BN AN
A, authigenic [of'dgenik” a. f] £ 26 meap nup] n. B{EM "v\‘uul
7oineursion Dnkafan] n. A A 27.inundation [inan'deifan” n. Fi: W
& paralic _pa'relik | o, JLiERY; BEEHEM , 2& pyriue [pai'raink’ a. EEERCH
\)Q.Iimnic [limnik_ 2. #7#Y ' L ‘ 28, pyrite ['pairait] n. EEEE
10 alluviate [oluviels” v. g - . o 30. stagnant ['stagront) 2. BHE: A R0
1l.augment “agment] v. Witk W in, A 31, underctay ['andakiei] n. JE# T2 (BE
i2-marsh ['mafi n. (@R w& al.ochthonous [a'lokfianas_ a. M0 BB AT
Li.reed riid no M L 33 alluvial [oluvial] a. MrELAY
11. -herbaceous [harbeifas ] a. KA BUHHY :‘\- 34. perched water rable = Fdi
15 fungal [Mangell oo WMEEN, LHEM |‘k39.‘shrub [frab] n. A EMA
16, aquanic | a'swaerik] 2. K/L&: Ky 16, inundate [inandeit] v. @i Tl o
17, semiaquane semiakwaetik] oo EACFW: 37. paleoecclogical [paliani:kalodaikal | a. w4 &
P % € T Eaii
18 maceral ['measorel] oo S B8NS 38, fernlike ['fonlaik_ a. RELEHH
15. sflum [stant] v. {FLXHERE \/33 flora [Mlora] n. H¥EE: HPWIKE

2u.inertintte _U'natinait_ n. {H1=H

Notes to the Text

1. For a mat of drad vegelation 10 be preserved as peat, which is ultimately translormed
—
inio coal. the area must be protected from detrital influx, « with no pronounced <ea-
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sonal lowering, M —EEDRELIBEROGERETFE, FRERLLR. BHaE
HUSE R A RB A K B R F AT AE, FIE R F R P TR
Hj™ For +into coal A AEX HIBMERIE, EEFELEIER, LE8F - EReH
EIEMA].

. Rate of peat accumulation largely depends upon climate, being some four times more
rapid in tropical forests than in swamps with lower rainfall. JE% A WHHE FEIRTF
SN A TR TR PR O HE LR B L AR B B AR I E A .

) ™H being - rainfall F 4 aEiEMOWE . ZEIEPH some FEHA, BEE KL
The belt pulleys are some sixty in all. @45 244956008,

. Raised bogs may be locally importart as a peat-forming environmert, and account for
“ome exceptionsily thick scams. @ (IR Y - MRS AR . 00 KRR B A
§, EH AR - E R

=

[

Translation Guide

B ey AT A it A2

—. HEHg

RTEEMIRE, KR--HWERERS W AW, R RRRERE TR
W%, AEEFRE A E AT BN, Wi R RS AR a6
RIEFCLAENEN. R OER I CXETERLAE, R FrE2EERKE
LA FIEE. W AT AR LIRE R, T%?Fﬁﬁﬁiﬁllﬂﬁ@%%*ﬁ*
9.
- Kf?ﬂfiﬁcﬁ:ﬂéiﬁ. HEF S RAGREE, R, B0, ESaEmsy r.
=i, FELm. ot ﬁ?ﬁ'ﬂ?ﬂ{?ﬁi‘%%n,ﬁﬁux"fﬂﬁ‘f’lfunﬂ“lﬂﬁﬂfﬁfﬂﬁlﬂﬁ.ﬁ{ﬁﬁ.
BB, Tk AREER.

2

1 This mineral is no harder than that one.

LiR ] sXfe i AR Mo i

TR AT MR,

FTELE . “HERR” RE-—fIny, 030 ER” W EEERMEE R e EE AW,
{FECHER MR B, 3R R AR .

B2 What 1s large and what 1s small is relative.

HEN I A NGRS LN R

CET ] RAUMEARRI .,

. BRELLE

ﬂl%ﬂhjxﬂkj_ A LA SRS A BRI A P B B AR R R AR (R A IR
FIERIGER f g %‘}&ﬁﬁhﬁ F“:IH’J%LJLJQ

l{i@ﬁﬁ’l“ Hi]\é’llﬁluﬁfﬁmkiﬁ’jﬁ’]ﬁm — iR, A AR BT
JLA~FTT
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Sl g — P TR DL AR LS, ERREE S S S AR f A S T
W3 ORI, (B, ST IE W4 3L,

5y HERST. THITFRT AT RSMIEES . A ERMRERDY . WEE, s,
L WD K B R AR TR R E!Z/n‘FﬂJL’r*éruJ 48] 4 oap, M
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20 IEMT HEMIUR N S AN - FE AR L. REEMF A
M. BREFEQIIEAT . RERET, FRHEFEEa "R F
AR

i1 The proof that IZ‘["lgrn'lth cmanatlons }mvc passcd into such waters 1s found 1n

the prescnce i them of cuch subsiances as sulphur, arsenic, boric acid, ere, in quantitie s
enel under eonditions which show that they cculd not have been leached out from the orig:
nal rocks of the country. S
A MG TEREA that, F— chat TIREGEEE A BT A The proof « 15
fonnd o under conditions 53, M proofl; ¥4 that 5 FHR—TBEBMT. TN
which {URITE E L4 Bid. FFLAEEA show.
VRO AR E TR AET. PR, MIREST . TR T ol BE 0 fh R L L
RN, L T R A AR
fif2  The beliel that afl unconflormities are significant punctuation marks in geologic
tine ~cale was severely discredited when stratigraphic siudies expand into regions where
no groat breaws are present beiween systems and where major unconformities are present
within previously established systems.
S thae sHB AT AT REM T “that all - time seale” 1HEA E1E belief B EMWINZ. 0
Y EiE belief W38 15 was discrediced 4FFF .when 9] 4 @7 83 [ALRE B LR E B L
where ;! i H"‘JE Lﬁ' U\ the) Lﬁq/\ﬁﬁuﬁ"] H:lf::ky\'—lﬁﬁlﬁi%'lﬂ and §%E$~ mﬂéﬂ%fﬂiﬁﬂﬁm
WOLEY % 0] regions, BOE 2 BRI, punctuation marks FERE RS BERREA R AT
For. WA ES LRR. WA L R npisig, ER "ﬁ*?’r’h"‘-'f\"oﬁﬁﬂ‘- hreak ZE7X H 41
s 1 TR R ]
B BRI AN ESHEMRTE FWBEESRRE. TYhETR
i [ P L F - ki # R I H ARTUREN, HITE @ R ERaG I
TR ST, XA R REIET.
sh fLEVRAT R E S, B SRk, AHEM,. BERES—EM LAMIR.FHD
A3 The main thing to notice i~ that sediments, which once were muds. termnare

abiruptly agaitst hmeswone . which once was the main body of ihe reef.
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Exercises

1. Questions for review;
1) What is the difference betwecn marshes and swamps?
2) What are the conditions favorable {for peal accumulation?
33 Name the factors by which the maceral content 1s infiuenced.
4) What is meant by allochthonous coals?
3) What does the rate of peat accumulation largely depend upon?
2. Fill in the blanks with correct terms given below
vitrinite-rich. marshes, [resh-water. inertinite-rich. swamps. raised hogs. al-
lochthonous. pyritic
1) Herbaceous plants and grasses produce  coal.
2y arc dominated by reeds and other herbaceous plant, and devoid ot rrees.
3) An abundance of large trees gives rise toa high ~~ coal
4) ___ contain a variable amount of woody vegetation. compared with marshes.
5) The marine-influenced peats tend to have a high H.S content and produce
_coals,

6) Some peat and even coals may be reworked and redeposited in a fluvial svstem aud

are called  in orgin.
7y are related 1o perched water tables.
8) __  marsh is not affected by sea water.

3. Give the Chinese/English equivalents for the following .

1) authigenic partings 6) Rt AR EY
2) plant communities 7y BEMIFE
3) brackish and salt marshes 8) EAHI
4) root (ree underclay 9 EHME

%) riverine discharge 10 \AREFA

1. Choose the correct terms to complete the statements

1) The peatswamps must be protecred from in crder to preserve a nint of

dead vegeration as peat. which is finally transformed into coal.
a. fresh-wmier b salt water ¢. detriral influx

23 Eovironments conducive 10 peat accumulation are areas.



a. paralic b. desert c. glacial

3> The marshes can be distinguished on the basis of __ into three types; salt,
brackish, and fresh-water marshes.
a. climate b. vegetation c. salinity

4) The climate favarable for peat accumulation is

a. arid b. warm c. frigid
5) Water table must remain ___ ____the ground surface to form thick peat beds.
a. much higher than b. much lower than ¢. near

Translate the following paragraphs into Chinese;

Substantial coal seams trending approximately paraliel to depositional dip are asso-
ciated with birdfeot-type or elongate river-dominated deltas, accumulating along levees
and infilled bays. Coals capping the thick, upward-coarsening delta-front and interdis-
ributary bay sequences are extensive but seldom attain significant thickresses. These
seams are relatively free of washouts because of the limited number of distributaries,
which remain stable while extending their courses basinward.

Coals of lobate deltas accumulate during both the constructive and destructive
phases of deltaic sedimention. During the constructive phase the detla plain is traversed
by numercus distributary channels. Peat formation is restricted to the interdistributary
tracts, which in many cases are of limited extent, The coals are therefore characterized
by “wants” correspending to the positions of the active distributary channels. Ash con-
tent can be high because low levees allow frequent inundation of the marsh. In con-
trast, blanket peatswamps originating during abandonment of lobate deltas can be
thick and remarkably widespread. The seaward edge of the abandoned delta lobe is at-
tacked by shallow, brackish bays. Peat accumulates on the more slowly subsiding delta
platform landward of the maximum marine influence. Blanket peats of the Mississippi
delta plain cover areas of up to 190mi* (500km’). As transgression progresses, the
peats are likely to he subject to marine influence, which impairs the chemical quality of
the coal, at least in its upper parts.

Tertiary lignites of the Gulf Coastal Plain originated partly as thick blanket peats
formed in a variety of inactive delta-plein environments. The lateral extent of these
peats was determined by the size of the underlying platform, which in places may have
comprised several adjacent, inactive delta lobes. In other coal basins, toc, the most
persistent delta-plain seams probably originated as similar blanket peats. These seams
are readily distingvished from the far more numerous but laterally more restricted
seams representing peat accumulation during the active delta phase.

Translate the following into English.

1) HERERFECONPFET EAREN _RE.

2y MPBWEHREFOHE BT ATEIERNA.

3 BRMTCEERENEEEYLREEY (Psilophyte) §9H BTN MR,
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Reading Material
Application of Depositional Models

Once a depositional model has been established for a particular coai deposit, it can be used
to predict the distribution of coal seams in the region, and thus delineate the areas most
suitable for further exploration, At a different scele, such a model can zlso be used to im-
prove the understanding of thickness and quality variations in an individual seam over a
colliery holding, as well as variations in the nature of the roof or floor strata, and thus be
of invaluable assistance in mine planning operations.

The three-dimensional shape or gecmetry of coal bodies is affected directly by the de-
positional setting in which the sequence accumulated. Many of the sedimentary environ-
ments that precede coal swamp formation act to shape the topography on which the swamp
develops, This topography in turn influences the thickness pattern of the resulting seam.
and, to a lesser extent. the lateral continuity of the coal bed. The environments that coex-
ist with the peat swamp in adjacent areas, together with internal swamp processes such as
plant growth, plant decay, fires and water flow, affect these features, particularly seam
continuity, as well. Post-depositional processes, such as channeling, may cause further
variations (e, g. washours), while compaction associated with burial must also be consid-
ered in many areas.

The shape of a coal seam may also be influenced, to some extent, by the tectonic
structure of the sedimentary basin in which it is developed. Variations in thickness may be
associated 1 the field with fold axes or fault zones possibly refiecting differential subsi-
dence of the basement materials.

A summary of the depositional controls on the shape of coal bodies, based mainly on
the Appalachian model, is given below. These factors may be used to guide the design and
implementation of a broad-scale exploration programme, including such aspects as the se-
lection of the most appropriate drilling sites, However, they may also be of vital signifi-
cance in the more detailed studies associated with the planning and operation of coal
mines, and a number of examples of the use of such data in this way are given by Horne et

al.
BACK-BARRIER DEPOSITS

Swamps in a back-barrier environment form due to infilling of lagoons behind the barriers.
Coals formed in these areas tend to occur as elongate podshaped bodies, oriented parallel
—— AT ————
to the trends in the associated barrier systems and, most commonly, parallel to deposition-
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al =trike. The shape of the resuiting peat bed may be modified in part, | vever. by con-

teriporanecus and post-depositional tidal channel activity,
LOWER DELTA PLAIN DEPOSITS

The swamps in a river-dominated lower delta-plain develop on the levees along the dis-
tributary channels, which are generally straight and oriented perpendicular o depositional
strike. The resulting coal seams are usually relatively thin and split by numerous crevasse-
splay deposits. They tend to be relatively continuous along the direction of deposition: |
dip, but arc often discontinucus parcllel 1o depositional strike, with coal being replaced in

places by interdistributary bay-fill material.
UPPER DELTA-PLAIN AND FLUVIAL DEPOSITS

In an upper deita or aliuvial environment, peat generally builds up as pod-shaped bodies on
the low-lying parts of the flood plain adiacent to the meandering stream channels, The rc
sulting seams tend to be oriented parallel to depositional dip. but are less continuous than
those of the lower delta-plain facies. Because of the less regular course followed by the riv-
er channels, the seams may vary greatly in thickness over relatively short distances. and
numerous splits may be developed in association with the contemporaneous [evee bank de
posits. The shape of the seams may also be considerably modified by washout development

at a later stage of their deposirional l)istnry.
TRANSITIONAL DEPOSITS

The transition between upper and lower della-plain environments is marked by extensive
swamp development on almost completely filled interdistributary bays. Coal seams are
generally quite extensive with a tendency to be slightly elongate parallel to depositional
strike, Like the coals of the upper delta-plain, they may contain splits in areas near con-
temporanegus channels, and washouts due to subsequent channel activity.

The formaticn of pyrite and related minerals in coal by hacterial reduction of suiphate
in peat waters is discussed Probably because the supply of sulphate is greater in sca water
than river water, this reaction appears to take place most readily in coals that are associat-
ed with marine conditions, Pyritic material especially that oceurring in framboidal form., is
most abundant in seams that are directly overlain by marine strata and for this reason is
thought to develop mainly in areas where the swamp was transgressed by a marine o1
brackish environment shortly after peat accumulation. If, however, a sufficient thickness
of sediment is deposited above the peat early enough to shield it from the effects of this
transgression, the amount of pyritic sulphur in the seam is significantly reduced.

Because of the role played by this trangressive process the depositional environments
that produce the sediments above the coal are more important to the distribution of the
type and amount of sulphur in the coal than the environments within which the coal irsell
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was deposited, Seams that accumulated in areas of marine influence, such as back-barricr
environments or lower delta-plains are more likely to be overlain by marine to brackish
seditnents rhan are those of an upper deliz-plain or fluvial environment. end thus contain
higher proporticns of framboidal pyrite, Most of the pyritic sulphur of upper delta-plam
coals. at least In the Appalachian region . appears to be of secondary origin in the form of
massive plant replacements and cleat infillings.

An cxample of the role of the depositional environment in determuining the distribuuon
of sulphur in coal seams can be seen in the lllinois Basin of the U. 8. A. Most of the seams
in this area are directly overlain by dark grey marine shale reflecting widespread marine
transgressions throughout the region. Several of the coal beds, however, are cut in pluces
by long belts of contemporaneous channel-fill sandstone, and overlain along the flanks
these structures by crevasse-splay deposits of light grey terrestrial shale, siltstone and
sandstone. Coal is generally absent within the channels and often thin or split by shale
beds immediately adjacent to them. However. the major seams thicken considerably in 4
wide belt along the channel beyond this zone.

In the areas where the crevasse-splay roof deposits are develeped, the total sulphur
content of the seam (represented largely by pyritic sulphur) is considerably less than 1t
in the remainder of the region. The terrestrial sediments. and possibly the associated hy
drologic systems . apparently acted to protect the peat from the ingress of sulphate rich =ca
witers while marine (ransgression was in progress and thus cut off the pyrire-producing
process from a large part of its sulphur supply. Bacause of the better quality of the coal n
these areas, as well as the general development of a 1hicker working section, a large par:
of the mining activity in the basin is cuncentrated along sides of these channel systems.,

The three dimensional arrangement of the non-coal strata in the sequence, especially
those occurring above the seam, can be an important factor in the stahility and safety of
open-cut and underground mining operations. Rock types and lithofacies respond in difler
cit ways to the mining process, reflecting a combination of the sediment’s grain size distri-
bution, cementing materials. bedding characteristics and depositional structures. as well
as post-depositional features such as compaction effects and the joint or fault pattern.

Problems may be encountered with roof falls in underground mines or slope failnre m
open-out excavalions due 1o unfavourable combinations of these factors. However. in
some cases the nature of the noncoal strata can also cause difficulties with effective surip-
ping of overburden. or controlled caving of roof material if the beds involved are excessive-
Iy strong.

(From Cord Getdogy and Ueal Technologys pplid 1762

New Werds and Expressions

1. delineate _di'linieir | v, &Lik: %5 ‘ 3.16/pography Tra'pagrafil r. HUFE . ML MR FPR
‘/E‘Colliery “kaliari] n. £ © Aocoexist [‘kouiglzist v, LT i



S.owashout [wofaut_ n. W@l ik, RS ‘ 13, rransgression [treens'grefon . iRl of 8
§. back-barrier _'bak “beeria® n. HS | 14.5orackish ['breekif. 4. RS
. 7legoon [egun? n. HH ‘ﬁ‘vas. cleay Tkl dn, BUR ORI 4T
8 levee Dlewi] n. FHRIE " 1 uglr((,r_ﬁggk}-& e
2 distibutary [dis'tribjurars. o A HiBY: ZHH ‘ 117.:(:9\'3559*5[)]5,\’ Ckritvaes-spler] m. b THE (R
NN e B
iy | 18.ingress Tingres] n. fFA; HiF
1. weander [mi'enda oo Ji[f: HH {19 litholacies "lida'feifiz® n, HAH (HIELE
12. framboidal [frembudal | a. (E) BARTEL \ 20, excavation [ekska'veifan] n. #iF;: FF

L6, interdistributary [inro'dis'tribjutart s e 4t ]
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Lesson Eight

Text

Coal Basins

Teetonie setting influences the number, thickness, coutinuity, and gquality of seams. and
determines their attitudes , degree of disruption, and present depth, This in turn determines
taeir mineability. Coal basins that have been subjected to tectonic deformation. with felding
and faulting over a broad area .are the most imporiant economically. Over §0 percent of the
world’s coal production comes from regions affected by late Paleozoic and end Mesozoie-
Tertiary tectonism . with only a small amount from the vast, stable intracontinental basins

such as the Moscow Basin.
COAL BASING RELATED TO SUBDUCTION

Orogenic foredeeps and back-arc basins undergo locally tight folding . thrusting . and . where
obhque collision is involved, major sirike-slip faulting. Rapid subsidence through high

gemhermal gradients produces coals of subbituminaus to anthracite rank. In areas of maxi-

mum suhsidence. coals may be thick and numerous but contain large detrital splits, Fur-
ther, the seams commonly show a very complex three-dimensional geometry.

A modern example of a subduction-related coal basin ts the southwestern {oredeep of
New (fuinea, which is underlain by as much as 13. 000 m of Cenoczoic sediments contamning
abundant coal seams. The Permian Sydnay Basin of Australia is remarkably similar to the
New (ruinea foredeep basin in geometry and inferred origin.

Coals in these orogenic basins are rapidly covered with sediment, and therefare tend o
be bright. Although deeply buried during tectonic subsidence .subsequent basin-vdge tilting
and erpsinn, or the onse: of later tectonic uplift, elevates many seams to levels at which

they can be mined without difficulty.
COAL BASINS RELATED TO(EPEIROGENY}

Tutracontinental rift grabens and strike-slip pull-apart basins can involve large vertical dis-
placement , but deformation is less intense thaq’:{; the case in orogenic basins. However, ex-
cept in areas of persistent block faultin_gr‘, even the most tectonically active intracontinental
basins are generall}} sui)_i-elc{ i oi'lly moderate tectonic subsidence. Thus, the total coal-
bearing succession tends to be thinner. The number of seams is limited , but their geometry
and thickness are highly variable. Patterns of splitting are less complex than in the deposits
of subsiding continental margins, and rhe seams contain a greater proportion of dult bands
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because of slow burial. Many of the more rapidly subsiding epeirogenic basins tend o fll
with conglomeratic sediments devoid of coal. Significant exceptions include the Camabrian
coal basins »f Spuin. where peats accumulated during quiescent episodes. Lignites of Victo
ra. Australia.occupy a Cennzoie aulacogen which opened to the sea . these seams are amaong

the thickest known.
STABLE CRATONIC COAL BASINS _;’tb\

Coal-bearing successions of cratonic basins are normally thin and comparatively umform .
with few seams. Individual seams may. however. attain considerable thickness, and some
caver vast areas of £000mi? (10, 000km?)and more;other seams are restricted to paleatopo
graphic depressions. terminating abrupily against basement highs.

Smyth {1980) has shown thar most Australian coals thicker than 15m (50ftyaccumulat
ed in small, srable intracratonic basins subject 1o very gradual subsidence. ¢

Coal-bearing successions in the intracratonic Karoo Basin change in response to elon-
gate downwarps in the regionally stable basement platform of Precambrian rocks, Coa}:é-l?@
more numerous in the downwarps. within which regressive deltaic sequences are rmore
abundant than they are on the adjacent stable platform. Individual seams commonly splir in
the dircetion of downwarped areas. This simple pattern of interfingering contrasts with the
complex splits in orogenic coal basins,

Coals of cratonic downwarps are predominantly of low to medivm rank because of low
geothermal gradients and limited depths of burial. The Cooper Basin of Australia. with a
radinactive erystalline basement in parts . provides an exception. High temperatures associ-
ated with igneous intrusion produce pockets of high-rank ecal unrelated to depth, Burned
coal. or nztural coke, forms at the intrusive contact. The generally dull nature of

epeirogenic basin coals reflects prolonged exposure sresponsible for the high inkrtinite basin

and ash coment, ’\‘3/ ‘\"ﬁ\l\ Q Kh

PASSIVE -MARGIN COAL BASINS %%/

Terngenous clastic wedges that prograde over a progressively deepening shelf, for example

the northern Gulf Coast Basin, commonly contain major coal deposits in the updip facies.

ing strata do not as a rule display the dramatic expansion cheracteristie of the hydrocarbon

bearing facies farther basinward.
EFFECTS OF CONTEMPORANEOQUS TECTONISM ON COAL

Contemporaneous 1cctonism produces dramatic changes in coal-seam thickness and petrog-
rapky. Displacement may he related to synclinal warping, graben development, or growth
fauliing. In parts of the Appalachian Basin subsidence appears to have limited peat accumu-
laton en the downthrown block, whereas thick coals are located along the edge of the up

70



thrown block. which provided  platform for peat accumulation. Elsewhere in the Ap-
palachian Basin the coals may thin or merge onto the upthrown block, and some coals are
preserved only an the downthrown block .where they survived the destructive effects of ox-
idation at higher levels. Subtie differences in elevation of peatswamps subject to minor tec-

tonism might be reflected in the microlithotypes. chemistry, or ash content of the coal.
CHANGES IN TECTONIC SETTING OF COAIL BASINS

Coal-forming paralic environments. in which the bulk of the world's cosal rescurces origi-
nated, commonly precede limnic environments during coal-basin evelution, For example,
the Late Carbioniferous foredeep north of the Variscan highlands of Eurcpe first contained
large paralw coal basins along 1he prograding fluvio-deltaic margin, (ollowed by the limnic
coals of intermontane basins, Similarly. in the elassical thick and relatively undeformed
clastic wedges thar result from asymmetric basin {illing. there may be a gradu:l vertical
and updip progression from distal paralic to proxitmal limnic coals.

Wreain Tervigenows Clastre Depositional Systems. pp262 2643

New Words and Expressions

1. nuneabiiity | 'manabilin] n. 7] B4k 13. interfinger [inta'finga_ v. §54K %5
2. intracontingntal intra kouti'nemt]] a. By NN lef'rigencus [t:'ridsinns] a REIEEY. BEEH
3. foredeep Modipl n. B BEAAI; HERE 15. prograde ['prougreid] v. HE#f: EE
w oL Mt

Hy . . ¢l updip ['apdip] a. EH{A
I epeirogenic Ui pairau'dzenik | a. ik AY W7, listrie [Mlistrik” a. $9RH
V;’). conglomeratc Ckan'gloma'retik - a. @R & I 18. synclinal [qllj]‘klam T oa. [

[N B ’ 1% warp [woapl «. i1 @
8. quig\_scem’\_l—;wai’eam_ a Rshlys #ibey 20, microlithotype | 'maikrou'libstaip_ n. W0E &
7. c‘pi.ﬂ-u-d; l-i‘cpwaud n. ey B Al
8. aula(\‘(;g#n [mlokodgon_ n. MR 21, fluvial-deltaic ['fluvial-del'tenik” a. o[l ~ 8
9, crator;ié [kresomk 1o w3738 (R MER) i
16 pzlleutc-|mgt2;hin Cpeeliou topa'gracfik_ a. FHL 22. intermontane [inta'montein] & ][ty

i 1y 23, asymmetric [as'metrik] a. RERAY

I.. downwarp [davm'worp_ v. 1@ T &M TR ' 24. meximal U'proksimal ] . FRITH: AR
12, regressive |ri'gresiv] a. JEIRF): FFIHM

e . [ E
- J

Notes to the Text

1. Urogemc foredeem and back-arc basins undergoe lacally tight folding, thrusting. and.
where nh Liué, collision s invalved, major strike-slip faulting. & AF BT AL S 2
1A S 2 5 WA AR R A T ELYE A 0 LR TS
AR RERIZ .

AP S92 IR Y 3hE undergo MRIE . AEBUS 4035 4 1A 403F major strike-
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slip faulting Z 81, F—11l where 5| F#RIE N B ZEE.

2. Coals in these orogenic basins are rapidly covered with sediment. and therefore tend to
be bright, TRt e 4 R s e SEAEAE R ITAR S Rt 3, F bk by
EERXREN.

AP bright BIREAEART . B “HREEM”. B bright coal T,

3. Coal-forming paralic environments.in which the bulk of the world’s coal resources origi-
nated, commonly precede limnic environments during ccal-basin evolution. 5 E Xk
AR ORI M AU SRS RN M LA SR B A stk R R R A
(82 Sls RFEEEE IS
417 in which - origineted X 3EFRHI¥EEE NG, B4 coal-forming paralic environ-
ments. )9 precede RER “&--ZE". BT, EHAAMUES ETXERY
R

Translation Guide

HELAEFH Dovihix

EMEL R SR R, BIREA R AR
1. A EAEE RS
WEFAHEET P WL XA —REFARNRERE, METPRMASUEPHEY
A2 e AR E A b A E S B, R R PR LNRE — A R
FOERMR T ET A 45 1% . 7l dm
1) The research groups constantly had to develop new articles which had never before
been produced in the world.
[#] HRaumAmERtR LdERERRT ML,
(E] FFELF R HE iR b MR hs e 4 i
23 But for water and air living things could not exist.
DiR] BERAMTRIER FAM=SmER.
[GE] WREFESMK, =MRTEER.
3) Lending my dictionary to others is the last thing [ want to do.
(id] fFFHs i ARREHNERRE ~PH.
(] BEREHARRRTEENE.
R R R IR B R AT article. but for 1 the last thing (8 ¥ REEE RS
M.
4 WEETMW.
[i®] There is a hole on the wall.
[IE} There is a hole in the wall.
5) S bEH iR
[i®] There is a map of the world above the wall.
[iE] There is a map of the world on the wall.
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6) —BE-FEEEL.
[i#] A ladder is leaning above the wall.
[IE_ A ladder is leaning against the wall.
WiERD e RMAE ERTRARGIEERETE ARG b, BREAHETE
Pi. TR in the wall fMR]5) . R¥EFENE B, EHEEM. FTLIEHA on the wall, i)
&) p, 2IHFRASEL, B against,
2. WEFENERFERES
I 13 Contrary to what is often thought, the earth does not move round in the empty
space.
CR] SEWA RN, SRES LN E R AR,
JE] SHEEHEEAR, ARFIRETE MR .
2) This theory of convection currents within the earth is not yet accepted by all geolo-
gisls,
GR] B o2 A A B F Bk Py I R R R 3 Bt
(£ 4R A7 5 Fo M R AR EX - s R SR B T i E s 3.
UEMATFERNTFATHRENARETRETEFNNAFMERY . EFES &
BIFE, FRIEETERE, ¥¥.
3y BERXKHEERN . A CHET T, HESAET.
[i27 When she looked at the topographic map, her heart sank and could harldy
stand.
[ [F JWhen she looked at the topographic map, her heart sank and she could hardly
stand.
FEW A A, her heart AJ LA sank FIETE, {HAREEM could hardly stand 87 F1E. HIt
BIMAEEREF and BITEIE she. A LEE,

Exercises

1. Questions for review;
1} Coals of cratonic downwarps are predominantly of low to medium rank. why?
2) What do orogenic foredeeps and back-arc basins undergo locally?
3) What is meant by the terms continuity, attitudes, and quality, as applied 10 coal
seams?
4) Explain the changes in tectonic setting of ccal basins.
5) Give an example of stable cratonic coal basins in China.
2. Fill in the blanks with correct terms given below ;
listric growth faulting. limnic. subduction, cratonic basins, epeirogeny

1} Orogenic foredeep and back-arc basins are involved with

(2] 2

23 Intracontinental rift grabens and strike-slip pull-apart basins are related to
3 According to the text, the coal-bearing succession of passive-margin coal basins can
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3.

show cndenee of .

P The peralie ervironnents are often followed by~ emvironments during coul
basin evabution.

b Cosi-bearing successions of - are comparatively thin and uniform.

Give ihe Chinese English cquivalents for the following

1 I B 81 downwarps
AN I i s 73 hsiric growth faulting
A HRIY 871 continuity of sesms
IRETHEF# 9) pull-apart basins
S Hi AT 1) downthrown blocks
Filf in the blanks with the words below :

in under of and

during for threugh  which

Srable crustal plates with basins of accumulation within or a trailing-cdge margin
wiall be charactenzed by low relief und widespread, blanket-type accumulations of sed
iment such as are present along the sovtheastern Atlanue Coastal Plain and adjacent
continenial marge wday. Stmilar conditions were present ( ythe midwestern Ut
ed Stnren ( v early Paleozoic times. These accumulations are dominated by sand
sizv quartz and cerbonates with some muds, The terrigenous sediment is supplied by
previonsly existing sediments and sedimentary rocks. Long-term quiescence may per
it ernsion Lo continue down ( ) the metamorphic layer and o the plutonic
rocks, ! the most part this will not greatly affect the composition of sediments
accumulzsting onothe stable shelf because of prolonged weathering and transport. Some
potassiun feldapar may persist. however., as has been observed ( ) Cambro Or-
dovician rocks of the upper Mississippi valley, Stable tectonic conditions ideally pro-
duce seditnenis ¢ ) are texturally and compositionally mature or supermature.

Mudest tecionic activity such as would be brought about by nonviclent plate colli
sion produees {olding . thrusting. and metamorphism as well as ar least a modest
amount of reliel. The relatively rapid erosion of both sedimentary ( ) metamorphic
source rocks praduces sediments which are less mature both physically and chemicaliv
than ( Yquiescent conditions, These fluvial, deltaic, and shelf sediments will con-
ram a significant amouit ¢ Yrock fragments and some mud. The geametry of these
deposits is somewhat lenticular.

Translate the lollowing into Chinese,

Basins can be simple. with only a single source and few depositional enviren
ments. or they may be guite corplea . with numerous sources ., polyeyelic sediments .
and vaany varied depositicnal environments. Regardless of the size. complexity. or
rectonic etting of the basin under consideration. i1 i important to conduct its analy
sis g systematic fashion, Some general models {or basin development and for basin
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analysis have been developed by Fo . Pettijohn and P. E, Potter together with soiie
of their students and colleagues and they are briefly summarized here,

Probably the simplest general hasin model is one involving direct sediment con
tribLuion from distinet and geographically separated sources. Here sediment body g
vmetry . mineralogy. and paleocurrent indicators are likely ro be straighiforsord and
pormit recorstruction of the svatem without difliculty. Seme perturbations on tlis
general model are possible Jdepending on the positions of the source rocks and the
amount of mixing of sediments during transportation and deposition. For vasmple.
although separated geographically. the sediments produced from the source rocks
may be thoroughly mixed in the depositional basin or they may rema.n somewhet <t
arated. Another variation on this theme is coused by the different source rorks being
layered at one locaton. I they are horizontal . erosion should proceed (rom by Lo
most unit downward and resuliing deposition in the basin should reverse the ~ten)
geaphic order of the source rocks, Strongly tilred source rocks conld provide all three
source types to the basin simultanecusly and produce a mixed population of scdineut.,

6. Translate the following sentences into English;
1y RIS R TR SR o LR 8, L0 A X R Ayl &
Tl
2) EHEmEEL S RO RGHE AT RN EEN N E R EX
3 AEURE I AT Jlﬁ I’ﬂ{m_ﬂ_ Cintracratome basins) §1. f AT F R L TR AR &
U FESHREITHR, EARAE LR, HERES K FRdr.
5 A RIERSIAE S, TR RS BT A K gk

Reading Material
Basin Analysis

SEDIMENT BODY GEOMETRY

The size and shape of sediment bodies is probably the most fundamental tvpe of data ut.-
lized in basin analysis; however, it is commonly overlooked. There is value in determming
1ne overall dimensions of the entire basin as well as the size and shape of each of the lithos-
tratigraphic units it contains, Such data are obtained through field mapping and measure
ment of stratigraphic sections. logging of cores or other subsurface samples. or “ram geo
physical data,

[t is not uncommon for the stratigraphic sequence in & given basin to be incomplete.
That is .unconformities may be present,signifying the removai of a certain part of the rack
record. These situations may cause the geologists’s job of determining the true goometry of
sediment bodies o be guite difficulr.

Large-scale sedimenrary sequences are grossly wedge shaped regardicss of compo-i-
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tion or location. Withia this overall wedge-shaped prism of sedimentary rocks there may b
several lithostratigraphic c_n__li_tnics each of which ma.y have its own characteristic shape. fot
us consider some general size ;'1—nd shape aspects of sediment bodies from various environ
ments. At this stage in the analysis only the gross lithology and the geometry will be con-
sidered. .

Probabiy the best example to use is that of quartz zrenite with at least moderate sort
ing, At least four or five major depositional environments may fall within this generai
lithology. A tabular or blanket sand body could indicate the shoreface or an inland dune
ficld. Linear sand hodies may represent barriers if they are straight or gently curved, Anas-
temosing patterns suggest the fluvial system. Branching or bifurcanng linear sand bodies
conld develop as a tributary or distributary system; paleocurrent direction would determine
which one was present,

This is but one example of how sediment body geometry may be useful. In most cases
aelditional data beyond size and shape are necessary to accurately establish the particular
depositional system of the sediment body in question. Certainly, however, a knowledge of
the siz¢ and shape of the unit will permit the geologist to exclude certain depositional sy~
tems from consideration and thereby enable better utilization of time in analyzing the sed:-

ment body,
PROVENANCE

Basin analysis inciudes more than interpreting the environment of deposition of various fa-
cies. To gain a comprehensive understanding of the basin it 1s also necessary to know
where the sediments came from. that is. their source rock type and location. The subject
of this section, the provenance of the basin sediments. covers just those points. Because
the basic thrust of this book is at the megascopic scale, emphasis will be on those prove-
nance characteristics that can he seen in the feld with the unaided eye or the hand lens.
The reader should know that detailed provenance studies require at least petrographic
studies. and in some cases detailed mineralogy or trace element composition is required n
order 1o trace the origin of some sediments.

For proper recognition of sediment particles that might be indicative of provenance. at
least coarse sand is necessary. Typically, pebbles and cobbles form the basis for most
provenance information in the field or at the hand lens scale. Because great detail, such as
quartz types or speeific mineral composition, cannot be determined at this level of observa-
tion, one must look for readily identifiable and traceable detrital particles. Examples are
various rock fragment types, chert varieties, particles containing recognizable fossils. and
any metallic ores in large clasts. Any of these particle types is exotic encugh to he traceable
to a source rock.

One of the primary techniques that has been utilized in determining direction of ice
movement hy Pleistocene glaciers is through the presence of exotic rock particles which can
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be ticd 10 4 known source. Large clasts of basaltic rock with native copper have been {ound
in glacial drift in southern Illlinois. The only source for this copper is the Keewenaw Penin-
sula of Michigan. This information not only establishes the source rack type hur alse pro-
vides general paleocurrent direction from the source to its present location.

Coarse conglomerates characterize the Cambrian section i the vicinity of the Baraboo
syneline in south central Wiscensin, The major rock unit that forms the syncline s a red to
maroon Precambrian guarizite, The clasts whizh are included in the basal Cambrian strata
are clearly derived from this Baraboo Quartzite. These distinctive quartzite pebbles have

been found in Cambro Ordovician strata 85km to the south, near Macison.
TRENDS IN TEXTURE OF SEDIMENT PARTICLES

The distribution of particle size and shape through time and space can provide substantial
inlormation that is useful in basin analysis, In general.the attempt is made to establish the
existence of certain trends in the texture of particles, both geographically and stratigraphi-
cally. It is not textural properties of the entire rock on which attention is focused hut at-
tributes of the individual particles, such as roundness and size.

The geographic variation in grain size has received important consideration by geolo-
gists since the 1920s. Much effort has been directed toward grain size patterns n glacal
drift and alluvial fans. Students of F. J. Pettijochn at Johns Hopkins University have done
comprehensive basin aralyses in the Paleczoic strata of the Central Appalachians.

Typical efforts involve the measurement and mapping of maximum particle size and
rouwdness, although niean pebble size may also be utilized. Increase in roundness and de-
creasc in particle size indicates increasing distance from the source. Such trends also pro-
vide paleocurrent direction.

Stratigraphic trends in simular parameters are also useful in basin analysis. A decrease
upward in maximum clast size 'mplics that relief in the source area 1s decreasing. thereby
decreasing the erosive power and competence of streams. On the other hand. an increase
in particle size, particularly one that is abrupt stratigraphically . suggests that the source

area has been rejuvenated; it is tectonically active.
PALEOQCURRENTS

A large number of sedimentary structures has direciional . or at least orientational proper-
ties. These structures serve as the fundamental basis for paleocurrent determinations, Ac-
tually. any feature that indicates direction of rransport is a palescurrent indicator.
Features such as cross-stratification and botiom marks serve as the best and most
abundant structures for paleocurrent determinations. Regardless of the particular direction-
al feature (s) being used. i Is necessary [or the investigalor to measure the spatial orienta-
tons of many examples. Tt is not uncommon for paleccurrent studies to include at least sev-
eral hundred directional measurements. The field geclogist must remember to adjust any
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Airectional e surements to accommodaie any structaral movement of the strata involved:
s is particutarly enitical in foldbelt areas such as the Appalachians.,

Typicallv. paleocurrent darn are portrayed graphicaliy . generally in the form of a rose
dingram. This type of diagram s simply a histogram plotted in such a way that dircction i=
shown, Rarher than plor the actual number of observations iz is preferable to plot percent-
ages, This allow~ [0 omparisons and does nor cause problems of large diagrams for some
sites and small ones for ovhers:however . one must record wide ranges in the number of ob
servations {rom locality to locality. The modal class or classes can easily be recognized o o
roxe digpram or current rosc.as it is frequently called. A mean direction may also be caleu
lated and shown onthe diagrem. It is appropriate 1o categorize directicnal data for purposes
of rose dizgrams by stratigraphic level as well as by geographic location, Paiescurrent di-
rections may vary with time and therefore stratigraphic horizon, as well as with space.

VErnm Depositional Systers pp177 1300
New Words and Expressions

1. lnhestratigrephic [lidosrrei'graefik 3 o, #2540 12, cobble [kobl] n. A&%

14{Y V13 clasr Thlasis oo TR
2 loggng [lomgs oo i W v 1L exatic [ig'zauk i a. ¥hdny
5. geophysical ‘dsi'au'f\;x‘kiaﬁ a, HhERNIE ‘ 13. conglomerate [kon'glmerit. n. k¥
soerenite [lwranan 0. §99F 16, syacline ['sipklain. n. j$
Toosondng [Raminl o AREtEs rEAOR I l‘_l'r'. maroon [ma'run]) a. BN, HEAEMN

14, roundness [‘raundnis’ o B%

t. dunc | djun’ n
7. amestomose _anastamauz_ v, RFE . 190 rejuvenate [riddguivirein. v. &E.F &

R W\Jurémg'_:_rlmil'a"keil v Ak Ay o L 20, spatial T'speifol a. EEMIHY

foldhelt fauldbelt] n. ¥3¥H: By
histogram ['histagreem] n. EH K[

paleocurrent paebaukarsnt. n. iEE

10, provenance 'provivans| n. S HTEIR |
11, megascopic |'mega'skapik_ o, IR IHHI#Y



Lesson Nine

Text
Coal (1

There i1s no doubt that coal is of vegetable origin because coals not only contain recoguuz
able plant remains, but transitions can be found between obvious accumulations of vog
etable matter. e, g. peal. through lignites or brown coals . into true coals and on nto an
thracite. This series, from peart, through lignite , into the humic coals and finally anthracite
is called the “coal serics™. The position of a coal in the series is termed irs "rank”. Thus
lignite is a very low-rank coal, while at the other extreme. anthracite is a very high-rank
coal. Physical appearance. physical properties and chemical composition of coals chang
with rank as do their utilization characteristics. e. g. calorific value. coking properties and
gas generation potential. Thus knowledge of the rank of a coal can be u guide 1o its utiliza-
uon.

The changes that vegetable matter undergoes in the caurse of alteration t coul are
termed maturation or coalification, Maturation takes place in two stages ; the peat stape and
the burial stage. In the peat siage the plant material suffers & measure of biochemical
degradation . and. when 1t is buried s progressive increase in both overburden foad and tem-
perature bring about dynamothermal maturation that slowly tarns the peat into cosl. The
peat stage is an essential prerequisite for the formation of coal.

Under normal circumsrances when plants die. rhey are exposed to air and are broken
down primarily by oxidarion and also by various organisms , particularly the fungi and ac ro-
bic bacteria. Where plant remains aceumulare in swamp or hog environments. however.
they become water saturated. Aerubic decay soon depletes the water of oxygen . the acrobic
organisms dic off and anaerobie bacteria take over. The anaerobic bacteria operate without
oxygen hut they are equally as capable of breaking down organic matter as the acrilue
forms. Decause of the stagnant nature of swamps and bogs, however, the waste products
of the bacteriz are not flushed away, but build up in interstitial waters and ultimately ren
der the environment sterile. Bacterial act.vity is thus curtailed and the partially decomposed
plant meterial remains in a state of arrested decay. In this state the material is pear. Tf the
peat is drained the toxic materials are flushed out . decomposition sets in again and the peat
may ultimately be destroyed. Tf the peat is not drained, however, hut is buried under rela-
tvely impermeable sediments. its geological preservation becomes possible,

These conditions are generally met with in certain continental environments, Cosl lar
mation i+ especially characieristic of deltas, but may also take place in lakes. ar allovial
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flood plains and in coastal lagoons. Detailed environmental analysis is essential to the eco-
nomic exploitation of coals.

Chemically, coals comprise the three elements carbon, hydrogen and oxygen with mi-
nor proportions of sulphur and nitrogen and mineral impurities. The latter remain as ash
after the coal has been burnt and, clearly, high ash content is undesirable. Inherent sulphur
is normally present in a very small amount and was probably derived from sulphur proteins
in the original plants. Some coals have a high sulphur content due to the presence of dis-
seminated pyrites; this is deleterious because it generates sulphurous fumes on combusrion
of the coal. Although the nitrogen content of coal is small, it was economieally important
in the production of ammonia as a by-product of the coal-gas industry.

Dynamothermal diagenesis of coal on burial is expressed by the changes in carbon. hy-
drogen and oxygen contents that accompany maturation. If the elementa! composition of
coal is plotied in terms of these three elements it will be seen that the coals lie within a
narrow zone, called the coal belt. Carbon content increases progressively with increase in
rank. but the propertion of hydrogen remains fairly constant at between 5 and 7% in the
humic coals before it falls rapidly in the semianthracites and anthracites. Oxygen decreases
with increase in rank.

The chemical changes that accompany maturation or coalification are not well under-
stood but they no doubt involve production of gaseous carhon dioxide and methane. Some
occurrences of natural gas,e. g. that in the Permian Rotliegendes of Holland and the south.
ern parts of the North Sea appear to have been derived from devolatilization of underlying
Westphalian coals.

In general terms the rank of coals tends to increase with age, in the sense that most
lignites or brown coals are Tertiary or Mesozoic in age whereas the Upper Palaeozoic oc-
currences are true cgals. Age is only coincidental , however, and the prime control appears
to be thermal, which is generally related to depth of burial. In any normal vertical succes-
sicn of humic coals the carbon content, i. e. the rank, increases with depth. This relation-
ship is called Hilt’s law,and it is likely that increase in temperature with burial is an impor-
tant factor in maturation.

There is debate about the causes of the change from coal into anthracite. In some in-
stances it may be the natural continuation of thermal maturation, but in many occurrences
coals change laterally into anthracites as they approach zones of tectenic deformation. The
latter relationship is found in the South Wales coalfieid where the coals pass westwards in-
to anthracite as they enter the zone of shearing associated with the Ammonford compres-
sion. Similarly in North America the Pennsylvanian coals pass laterally into anthracites as
they enter the Appalachian fold belt. Coals may be devolatized by thermal metamorphism
where they are cut by igneous intrusions. Examples of this are seen where Tertiary dykes
cut Westphalian coal measures in north-east England. Although the physical appearance of
the coals is only affected for a few feet on either side of the intrusions,devolatization as ex
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pressed by increase in carben content spreads out regionally.

Most brown coals or lignites are obviously woody, lustreless, and not well-jointed ; hu-
mic coals on the other hand do not normally show a woody appearance in hand specimen.
They are well-bedded and display various degrees of lustre from bright 1o dull. On the ba-
sis of lustre and physical appearance, the humic coals are divided into four “rock”™ types:
vitrain . clarain, durain and fusain. Vitrains are the bright coals which have a vitrecus lus-
tre. Clarains are less bright with a silky appearance, while the durzins are dull, and matt.
Fusain is sooty black and very friable so that, unlike vitrain, clarain and durain, it readily
soils the hands like charcoal. It is important to distinguish between coal type and rank.
Coal type is the expression of the composition of the original plant materials, whereas rank
is a measure of the extent of maturation or diagenesis that the vegetable matter has under-
gone. Some coal seams consist mainly of one rack type, but many are composite and com-
prise alternations of layers of vitrain, clarain, durain and fusain of varying thicknesses.

Most coal seams appear to have been of in sifu origin; that is to say the coal-forming
peat accumulated where the plants lived and died. Some coal appears to be of “drift "origin.,
and the piant remains were transported, e. g. as log rafts, to the site of deposition. An
in situ origin is demonstrated by the presence of roots and rootlets that lead down from the
coal into an underlying fossil soil or “seat earth”. Seat earths are of interest in their own
rights by virtue of their refractory properties. Clayey seat earths, termed fire clays, consist
mainly of kaclin minerals (disordered kaolinite) and are of value for manufacture of refrac-
tory bricks. Sandy seat earths, “ganisters”, are almost pure quartz rocks and are used for
producing silica fire bricks. There can be little doubt thar the seat earths were deposited as
normal clays and sands, but that they were leached of alkali metals and reconstituted by
humic acids from the overlying peats.

(rom An Introduction to Sedimentology., ppldd—148)

New Weords and Expressions

o

1. lignire ~lignait| n. ¥4 13. fume [fjum] n. #; X
2. anthracite ['mnfresait] n. o _ 14 ammonia [a'maunia] n. &
humie ['hyuunik] a. 8 HF .15, methane ['midein] n. B4 BE
——
maturanon |mactju'reifon” n. BB 16. Hilt's law HIREFER
3. coalificetion Lkau_l‘i;ﬂkeifan] n. HBIEER 17 dyke [daik] n. 23
6, dynamcthermal [damnamou'®aml] a. #3THH 18, intrusion [in'truzen] n. A BAS
7. aerchic [ea'raubik” a. EEHH 16. vitrain ['vitrein] n. %
2. anaerobic [a ncia'robik | a. FEE 20. claran ['kleerin] n. R4
4. imterstisial Tintasnfal] a. ERRAT; HEBRH 21. durain [’dju—arein] n. M4
10, curtad Tka'terll] v. Hid: HI55 22, fusian ['fjuzzein] n. # X
11. impermeable Tim'permijabl] a. AB&EM: T [ 23, matt [met] a. THRFH
®wk 24, sooty ['sutij a. JKA; S

12, deleterious [deli'tiorias | a. HEW; FEW 25, ;'éal-let Crwctlic] n. bR BB
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. refractory [rifrackioris a. KBy BHE | 29, kaolin [keiolin] n. chd i
27. clayey ['klen” n.. a. IEHE Iy B ESIR y ganister ['genista) n. MRS
28 kaolinite ['keialinait] n. BIRH

Note to the Text

There is no doubt that zoal is of vegetable origin because coals not only contain recog-
nizable plant remains, but transitions can be found between cbvious accumulations of veg
etable matter, e. g. peat, through lignites or brown coals, into true coals and on into an-
thracite, ZZEJLEEME], R AEWIERLY . XA AEREE T A ERREER. WA
e, \EEF RS RO RE R, R T B E R,

B no doubt & B H — L that 3] 5 #7738 M 8] .on into anthracite F1# on H 4l
W, BER “HETE" “HETE.

Exercises

1. Questions for review
1) Define the term coalification.
2) Why is coal of vegetable origin?
3) Name the “rock” types of humic coals.
1) How is the dynamothermal diagenesis of coal expressed?
5) What is the difference between lignites and humic coals aceording to the text?
2. Fill in the blanks with correct terms given below,
Hilt’s law, refractory, low-rank, coalification. vitrains, high --rank
1) The changes that vegetable matter undergoes in the course of alteration to coal are
termed .

2) The normal increase of carben content, i. e. rank, with depth, which is> well known

and described by the term , is caused by rising temperature with depth.
3) Lignite is a very coal, while anthracite is a very ___ coal.
4) Clayey seat earths, termed fire clays . are of value for manufacture of __ bricks.
5) are the bright ccals which have a vitrecus lustre.

3. Give the Chinese/English equivalents for the following:

1) coal series 6) Rk gy
23 coking properties 7) BIEER

3) gas generation potentiat 8) KEME

43 dynamothermal maturation 9 R

5y well-jointed 10 Witk kA

4. Translate the following into Chinese
Coal is brownish-black to black, carbon-rich combustible material that forms
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beds from a4 few centimeters to many meters in thickness and is interbedded with
shaies . sandsiones, and limestones. Tt was [ormed long ago as the result of the accu-
mulatin of dead vegeration in an environment that favored the concentration of car-
bon. Swamps and bogs in mild temperate to subtropical climates are among the places
that favor the initiation of coal forming processes. Such environments are character-
ized by an abundance of plants, and as the plants die and fall away, they are o’ten con
ered hy water. Submergence prevents dry rot, a form of oxidation in which the carbor.
combines with oxygen to form carbon-dioxide, which is liberated into the atmosphere.
In the oxygen deficient envircnment . decay is enhanced by the action of anaerobic bac
terin. These bacteria secure the oxygen they need by extracting it from plant tissoe.
For cxample, the common plant tissue cellulose consists of carbon .« hydrogen,and oxy-
gen. When anaerobic bacteria extract oxygen from cellulose, they release hydrogen.
and the carbon is leli behind te accumulate. The mass of decaying debris is then buried
under additional sediment, further compressed. and altered until it becomes coal.
Clearty, coal could not have developed in the past without an abundance of land
plamts. The fossil record of land plants begins about 400 million years ago. and thus
coal nceurs in rocks of posr-Devonian Age. Thae Carbonifercus Systems (Mississippian
and Pennsylvanianare well known for their abundance of coal. Lesser amounts of coal
are also found in rocks of the Permian, Triassic, and Jurassic Systems. The grologie
system second only 1o the Carboniferous as a source of coal is the Cretaceous. There
are. for example . exiensive coal beds in Cretaceous stratigraphic sequences of western
Norih America and central FEurope. The Tertiary yields mostly soft varieties of coal.
5. Translate the following sentences into Fnglish,

1) F AR M LA R

20 MR FILE 8 1 E L R BRI

3 HHEHWEN S BRI R,

O WEEFQVABMI0KH S, Rl ERE R

MR b EEEER AW, KRB, A,

bl

Reading Materials
(A) Coal (1)

Coal- forming environmenis have cxisted since mid-Paleozoic time in areas where substan
tial quantries of vegetal matter are accumulating and heing preserved. Widespread puat ac-
cumlation only became possible with the appearance of psilophyte vegeration during the
Silurian. which arcounts for the first Devonian coals and then the extensive Carboniferous
seams. Evolving Mesozoic and Tertiary vegetation occupied an ever expanding range of en-
vironments. Todayv tropical swamps and marshes are undergoing the most rapid accumula-
tion of peaty with rates in Borneo of 17m in 4000 years, but peats are also forming in tem
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perate and even polar regions, and at high altitudes. The same geographic diversity 1s .
parent in the origin of coal, The majority of early seams were laid down in humid trop e
regions, but in Permian and later times cnal formation shifted to temperate and polar o
gions. The lower proportion of coals between the !3-and 30 degree latitudes results fromn
the warm, arid conditions that prevail.

Many ancient swamps and marshes were very large by comparison with those of today
and represeated prolonged adjustment to equilibrium cenditions. Modern swamps . in con
trast. arc =till adjusting to the unstable conditions that characterized much of the Quater-
nary. and are therefore rather anomalous. Furthermore, vigorous clastic influx from the
unusually elevated terrain of today,in comparisen with the subdued landmasses of much of
the geologic past. has the offect of limiling the areas of swamp lands. Drainage systems in
many ancient coal basins were substantially smaller, and the delias would have been more
intensely reworked by waves, creating widespread barriers conducive to development and
preservaticn of broad peat blankets. Mos® modern peatswamps therefore provide incom
plete analogues for coal seams. However, studics of sedimentary processes operating in
these swamps and in adjacent clastic environments allow interpretation of most roais in
terms of their depasitional setting.

Most coals formed from predominantly in situ organic precursors with subardinate
transported components., but the proportions vary widely even within individual seams. Ac
in situ,or autochthonous . origin is accepted for most Northern Hemisphere coals, hut somc
authors censider the Permian Gonawana coals to have a larger proportion of transported .
or allochthonous meaterial. Certainly there are pronounced differences in petrography and
sukstrate characteristics of Gondwana and Upper Paleozoic Northern Hemisphere coals .
but factors of climate and vegetation were also important along with possible differences in
emplacement of the dead vegeration.

The striking similatities in coal bearing deposits of the varicus continents and of vari
ous ages demonstrate that many palecenvironmental coneepts and models have broad appli
cation in coal exploration. extraction, and reserve estimates. Regional differences may very
often be regarded as variants of the general models. Application of the depositional systems
concept tends further 1o reduce the confusion that may be introduced by a multiplicery of
minor facies viewed as disparate elements. and eliminates the need for elaborate strati
graphic nomenclature.

Of the total volume of sediments in the Eerth’s crust, only about 4 percent is poten-
tially coal hearing. Ahout 40 percent of the world’s coal resources are in Upper Carbonifer
ous and permian rocks. with about 30 percent in Upper Cretaceous and Tertiary rocks. in
the United States the figures are about 37 and 54 percent, respectively, Coal is therefore
concentrated in rocks that represent a restricted range of depositicnal environments with
specific conditions [avering organie preservation, and is confined to a narrow geologic time
span.
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Coal scams range in thickness from centimerers to over 300 ft (100m) in exceptional
cascs, altaining a maximum of 765 [t (233m) in Tertiary lignites of Victoria. Austraha,
Generally. a thickness of 2-3 ft (77 100cm ) is the lower limit for both open-cur and under-
ground mining. In most coaliields. open-cut mining is limited to deprhs of less than 300 i
(100m) because of potential ground-water. slope-stability, and environmental prohlems.
The maximum ratio of overburden to coal in these mines usually ranges between § to 1 and
25 to 1. With increased coal prices and improving technology, several open-cut mines are
extending to greater depths. with 1000 fr (300m> planned {or some Australian mines. and
1650 ft {300m} being considered in Europe. Open-cut mining removes some 90 percent of
a voal seam, with a small proportion frequently left in the floor. Only in the United States
is auger mining of any consequence. providing a very small proportion of the total coal
mined.

Underground mining accounis for around 60 percent of world coal production. In many
older mines. bord and pillar (room and pillar) methods are employed. This method leaves
the pillars 1o support rhe roof, but teday usually involves two stages in extraction. first
from the stalls or tunnels and later from the supporting pillars. Depending on the coal
thickness. roof and floor strength. and mining procedure ., between 10 and 90 percent of rhe
coal is left in the ground in bord and pillar mining. The more n.odern techaigque of tongwall
mining vtilizes hydraulic jacks which support the roef and are moved forward as coal is re
moved [rom the face. Longwall mining has been increasingly mechanized but still resuits m
coal losses 1 some mines of as much as 30 percent. The world’s deepest coal mines are
around 5000 [1 (1500m . but few exceed 4300 [t (1000m) because of problems associated
with high temperature and rock stress.

Coal at even greater depths i+ potentially recoverable using remote-mining methods. In
hydromechanical extraction, coal is loosened by higt-pressure jets and brought to the sur-
face by water flow. ln underground coal gusification the seams are partially burned and the
gaseous products piped to the surface.

Exploitation of coal is being restricted 1n places by environmental considerations such
as land disfiguration ., acid mine drainage and other forms of water contamination, air pollu-
tion, and waste disposal. Remote mining poses the threat of ground-water contamination
and land subsidence, Labor unrest and the voluminous and often conflicting regularions of
governmental agencies continually burden the coal industry in several countries despite
cellx for increased production.

The largest coal resources are in the U, & S. R, United States, People’s Republic
of China, and Australia. Most coal is used as metallurgical coke in blast furnaces and as
steam coal in electricity generation. Coal’s importance as a fuel is being further extended by
its use in the production of synthetic liguid fuels. Production of gasoline and diesel fuel us-
ing Fischer-Tropsch synthesis has been a commercial operation in Scuth Africa since the
19305, Higher efficieney second-generation coal liquefaction and gasification have not yer
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reached the commercial stage.

The organic properties of coal that govern its use fall inwc twe catepories: type and
rank. Coal type depends upon the hasic plant constituents, or imacerals . which are compara-
bie to the mineral constituents 1n other rocks. Rank expresscs the level of maturity or de-
gree of coalification. Inorganic constituents. or ash. together with chemical precipitates.
may scverely restrier coal use. But improved beneficiation methods have permitted the min
g of increasingly dirry coal, For example,in the Rubr Field of West Germany an ash con-
tent of up to 13 percent was acceptable in 18335, but this had risen to 40. 3 percentin 1873,
Furthermore. coals with a high pyrite content. which may be unsuited to combustion be-
cause of emission problems. may be excellent for liquefaction purposes since the conversion
of pyrite to pyrrhotite early in the process is thought o catalyze the reaction.

“EFrom Terrigenous Clastie Depositionad Systems, pp2h3 -285)

New Words and Expressions

1. pslophyte ['psailaufan n. BEREY 8. hydromechanical ['haidroumi'kanikal _ a. L%
2. autuchthonous [o'toxfonss | a. FHEM SIS
2. paleoenvironmental [paelisu'invaisn'mentl” a. iy 9. gasification [geesifi'keifon] n. "TIL#[H
Higay 1 16, dsfiguration [disfiga'rerfon, n. #E. FT
4. disparate ['disparii_ a. HUAE A HilE B : TEEA } 11. metallurgical [meto'ladgikal” a. FEH
Wy ‘ 12, liyuefaciion [likwi‘f?g\l’;fan: n. #iEAEM
3. auger ['ago n. FEAERL . BHEERY 13 pyrchotite [pirataif? n. W& gT"
6. bord and pilar method  FHEEET L‘:H. catalyze ['ketalaiz] v. L

7. longwall mining £ H4EH R :

(B) Coalification

Onee a layer of peat is covered by detrital sediments and buried to progressively greater
depths, it is compressed, thermally insulated. and converted through a series of increasing
coal ranks from lignite (brown eoal) through subbituminous and bituminous coal, 10 semi-
anthracite and anthracite. Biological, physical. and chemieal changes are involved 1o this
coalification sequence. Conversion to lignite rank is accomplished mainly by biclogical ac-
1ivity, whereas upgrading to bituminous coal and anthracite involves a combination of
physical and chemicul processes,

Gradual increase in geothermal energy with burial is the most important factor in coal
Hication, which can be acrelerated by an anomalously high heat flow associated with 1ec-
tonism or igneous intrusion. The increase in coal rank with depth was shown by Hilt 1n
1873 to result {rom increase in carbon and decrease in volatile content. (Geothermal gradient
varies markedly with the structural setring The relarionship berween coal rank and depth s
strongest in young continemal margm hasins, wherras intracratonic basins of lower heat
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flow may show only a minor increase in coal rank with depth.

Lithustatic pressure is relatively unimportant during conversion of peat to subbirumi-
nous coal.apart from its role in expelling moisture by compaction. At higher rank,pressure
may even retard coalification. and may acecount {or unusually low coal ranks below certan
thrust sheets. Frictionzl heating associated with tectonic deformation does produce locaily
elevated coal rank. but is generally of little significance. Varable pressure conditions can,
however, influence the partial pressures of volatile products of coalification, thereby pro-
viding anomalies in coal rank and organic maturation indicators.

Time 15 an mmportant factor in coalification only if the temperature is above a critical
mmimum. For eximple. Carbonilerous coals in the Moscow Basin have only reached lignite
rank. This is because of o very low geothermal gradient and a temperature at the depth of
the coals nf only 30 1o 80 C. Upper Miocene coals of Louisiana have reached the rank of
high-velatile biruminous ccal. whereas some Carboniferous ecals at comparable depths 1o
Europe have less than half the volatile matter of their Louisiana counterparts.

Increase 1n rank is generally accompanied by progressive darkening and :.rcased
opacity . calorific value, and vitrinite reflectance, Solubility, together with oxygen, volatle.
and moisture contenl decrease concomitantly. Reversals in some of these trends are appar-
ent at the coalification break at the leve! when the volatile content of vitrinite falls below
30 percent. At this stage, there is an abrupt change in various parameters of coalification.
Both calorific value and hydrogen content decrease. and the volume of methane suddenly
increases before expulsion as coalification progresses. As a consequence, this threshold 1s
an important consideration in the assessment of underground mining hazards.

Peat stage is achieved by surficial biechemical diagenesis which extends to a depth of
around 30 ft (10m) . where purely chemical processes become dominant, Decomposition of
dead plant material is accomplished largely by micro-organisms. Cellulose and protein are
decomposed , progressively concentrating lignin and hugnic acids, and increasing the carbon
content to between 50 and 60 percent. Plant material is transformed inte peat by massive
removal of both organic and inorganic components of the plant debris. Of the latter ox-
alates and alkali and alkal-earth elements are almost totally removed, Clay minerals form
rapidly in site presumably {rom amorphous inorganic material in woody plant tissue. The
activities of aerobic bacteria, fungi. and actinomycetes in the surface layers are replaced
downward by anaerchic bacteria.

Lignite (brown coal) stage is normally attained at depths of 650-1300 f1 (200-400m?}
as a result of compaction and associated reduction in moisture content. Some of the giant
brown eoal seams of Victoria. Australia, still contain 67 percent moisture. Most lignites
are Cenozoic in age. but & few are as old as Carboniferous. Plant remains tend to be still
recognizable thus providing rhe opportunity te compare rthem with medern plant communi-
tten. For example in the Tertiary lignites of Germany coals of coniferous and angiosperm
farests can be distinguished.
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Increase in rank through the lignite stage is reflected in progressively higher carbon
content and calorific value. and continued reduction in moisture content. During this pro-
cess the humic acids condense into larger molecules forming humines, and the coal
gradually becomes black and lustrous as it is transformed to bitumincus rank by
vitrinization.

Bituminous stage generally requires burial to depths of 1500-4000m depending on
geothermal gradient. By this stage humic acids have been rtotally transformed into
humines, In contrast to the very gradual transition from lignite to bituminous coal, there
is a very abrupt coalification break at the boundary between high-volatile and medium
volatile bituminous coal. This break corresponds to a carbon content of about 87 percent
and a volatile content of around 29. 5 percent. Bituminous rank increases by removal of ali-
cyclic and aliphatic groups and aromatization of humic complexes. Vitrinite reflectance rises
accordingly to a level of around 1. C.

Anthracite rank is marked by a strong increase in reflectance and optical anisotropy,
Hydrogen content is dramatically diluted by release of methane and water. Many coal
basins of predominantly bituminous rank for example the Karoo coalfields of South Africa
contain anthracites in the contact aureole of igneous intrusions. Larger plutons and laccol-
iths convert greater volumes of coal to anthracite rank.

Coal rank is strongly influenced by the tectonic behavior of a basin. Because coal is
carried down to deep crustal fevels of high geothermal energy s coal rank increases larerally
in the direction of maximum deformation and heat flow. For example ., Upper Permian coals
of Queensland ., Australia originated in a foredeep plain west of the main orogenic axis, The
east-central part of the basin was severely deformed during lLate Triassic orogeny and this
area of maximum heat {low now contzins semianthracites, These high-rank coals grade into
bitumincus and sub-bituminous ccals toward the stable craton. The same changes are evi-
dent between the anthracite and bituminous coal regions of the eastern United States. Lo-
cal hot spots in orogenic terranes may be sensitively recorded by coals of higher rank. as
may be uranium-rich granitoid platforms.

(From Terrigenous Clustic Depositional Systems, pp258—258)

New Words and Expressions «

1. anomalously [amomalasli] ad. & 9. surficial [sa'fifal} e. FEMHIAY: HRFAY

2. tectonism [tek‘le{nizm] n. ¥R R 10, oxalate [‘skseleir] n. ELfgih

3. volatile [‘volata-il] a.. n EEM: EEY ¥ 11, getinomycete [ektinou'maisit, n. MZEHFL
4. Lthostatic [lifast'zetik] a. #EH 'J}:’coniferous (kou'nifaras | a. &M

5. apomaly [a'nomelii n. BF .13 angiosperm L'sendjiauspam] n. # TP
6. opacity fou'paesiti] n, K HFEAA 14, humin [hjumin] n. 828 S T H IS T
7. calorific [kela'rifik] a. A, Ty 7'15. vitrinization [vitrinaizeifan] n. $S4E L

8. comeomitamly [ken'komitomli] ad. JE4EH 16. alicyelie [elisaiklik] a. FRFEEM®
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Lesson Ten

Text

Macerals of Coal

Coal 1= not a komogenecus substance hut consists of various constituents. In the same way
ax inorganie rocks are composed of minerals - for example granite is made up of
feld<pars quarts il mica- —  voals consist of maccrals. But there is a dilference. Whereas
a muineral is characterized by + fairly well defined chemical composition, by the uniformity
of = ~ubstance . and by the fact that most minerals are crystalline, a maceral of coal varies
widely in its chemical composition and physical properties and is not crystalline.

The heterogeneous structure of coal is pereepiible to the naked eyve when examining a
coad fuce or o sample. but only the microscope reveals the details of the constiwution of
roal. The main const.tvents of low-rank bituminous coals are the bright constituenis. the
exmites or Hpnnitic eonstituents and fusinitic constituents. By maceration which involves
the solution of the bright constiruents. the fusinitic and the exinitic constitucnts can be
separated and recovered, The words *maceration’ and to ‘macerate’ are derived from the
Latin verh ‘macerare’ which means ‘ro soften’ . and it was STOPES (1935} who first used
the term “macerals’ for the constitnent of coal isclated by maceration.

As used at presert. the term “maceral’ deseribes at the same time hoth the shape and
the nature of the microscopically recognizable constituents of the coal. In order to distin-
wiish the different individual macerals under the microscope it i1s necessary to choose pa
rameters which can be determined during microscopic examination, such as reflectance.
coloury shape and reliel or polishing hardness. To exclude any ambiguity of the definitions
of the differen macerals. the TCCP has established standard rules for petrographic mi
croseopy which provide that the description of macerals shall correspond to their appear
ance in incident light using oil immersion objectives with 25 to 50x magnification. This ix
20 say that the definition of macerals is based on morphology. Studies on pure maceral con
centrates have made it possible in many cases to determine the chemical and physical prop
crhies of the macerats, In addirion, palaeohotanists have succeeded in establishing correla-
rons between many microscopically abserved shapes and structures of macerals and certain
plant organisms or Lissues,

All macerats have the suffix ‘inite” Jund are classified in three groups . vitrinite cexinite
{or Diptinite }and inertinite. This subdivision is conventional and represents a simptification
which is usefu! in practice. Each group includes a series of macerals which can be regarded
4 belongmg together, either because of similar origin (such as exinite) or because of 1he
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The three maceral groups are to a certain degree characteprzed by their chenical vom-

mode of conservation (vitrinite and inertinite).

position. Tf one compares isometlamorphic mageral groups,’f.’_E;\_groups of the same rank.
the vitrinite contams relatively more oxygen, the exinite m’(;:r—é hydrogen and the wmernuire
more carbon. In isometamorphic maceral groups whose vitrinite contams say 81 . the
hydrogen content would be 7% in the exinite. 5. 5% in the vitrinite and 3. 8% an the nerii-
nite. The volatile-matter yield also is highest in the exinite, amounting in a particular coal
to 66. 7% as against 35. 294 in the vitrinite and 22. 9% in the inertinite. On the fow-rank
side of the ‘coalification jump’ (which occurs when the vitrinite has a volarile-matrer vield
of 29%), the hydrogen content of a coal increases with the proportion of the exizite and
the carbon content with the proportion of the inertinite,

With increasing rank the macerals vary in the way their chemical . physical snd techno
logical properties alter. Coal petrologists and coal chemists have established the exisience
of a distinet relation between the reflectance of a maceral and its carbon or volarile-matrer
yield. this means that the rank of a coal can be determined exacily by measuring it re-
flectance on a polished surface. With increasing rank the individual macerals become less
and less different in reflectance so thatr it hecomes more and more difficult 10 d.fferentiate
between them under the microscope. When examining a polished surface of an anthracire,
special techniques are required to differentiate between the individual macerals.

Tt should be underlined tha: strictly speaking the macerals ought to be free from nun-
eral inclusions. However, they may contain incrganic components of submicroscopic size
which were already present in the original plant material or which formed during rhe first
stage of the cozlification process as complex compounds of organic and inorganic matter.
These inorganic admixtures are grouped under the term ‘inherent ash’. In German coals of
the Carboniferous the proportion of inherent ash amounts to some tenths of one per cen: at
the most; in German Tertiary lignites it may reach several per cent, because these coals
fairly commonly contain alkal: or metallic himates which cannot he recognized microscopi
cally. In many cases it is possible to detect these inorganic constituents within macerals in
the submicroscopic size range by means of an cleciron microprobe, sumetimes also by elec-
tron microscopy. Microscopically visible minerals {also called ‘advemiticus ash’ ) are not.
however. looked upon as part of the macerals and are recorded separately in microscopic
analyses.

Macerals of one and the same maceral group differ from one ancther in morphology
and structure rather than in reflectance. This is to say that there are only slight differcnces
in volatile-matter yield , elementary compesition and technological properties amongst mace
rais belonging to the same group. I certain forms or strucrures of macerals can he ascribed

without any dounbt to a certain plant organ or plant tissue, e, g. to a woody or a parenchyma

tissue as in the case of telinite, the term ‘maceral variety® is used (e, g. xylotelinie or

parenchymotelinite}. By contrast, if differences in the origin of a maceral can be deducid
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from irs shape or structure Cin the example of fusinite. well-preserved cellular structures
originating {rom charcoal or poorly preserved cellular structures originating from degraded
wood). thev are classified as maceral tvpes (pyrofusinite, oxyfusinite ).

(From Coul Petrology. ppsT - 801D

New words and Expressions

i. homogeneous 'hara'dgemas | a. ST H2T ‘ {¥7
B 12, coslificarion jump 44k 15 1] B2

% heterogencou~ | 'helaran'dzinaes’, a. {FXIAH J i3. reflectance [ri'flektans] n. (8§ %

4. pereepuble Dpo'seprabl, o, FIHEH, €8 F " 14, admixture Tad'mikstfo] n. B B
S | 13. humate ['hjumeit] o EFHREEE 05

1 ewnite ekmnot” no F |\l6. adventitions “wdven'nfas” . AhEM A
pttde lipunink” & FERHK #

A Tusining CMiesrnaink] a. fZREIEE . 17. parenchyma [pa'regkima | n. MAEH A
abigaiy Loofiiguail oo P M | 18 telinite [relinsit] n. AR

g ICUP  Cinrernatiena.  comunitree for  coal ’ 19.\':;;"%’\}({1.11';;& [zuilo'telinait " n. 2 P45 42 I 4
perrology ) [HERHE Y ERE ‘ 20, ﬁérenrh({mmelimte [parenkima'telinait | n. &

£, morphology [mo:foladgi n. FBEZE B R

19, pateohotanist [paelisu'hotenist . n. G HHE R R 21. pyrofusinite | paiarsu'fjuznait ] n. & 82 E {4

11, isemetamorphic Taisoumeto'mafik] 4. HFE |22, oxyfusinite [aksi'fjuznait] n. FEi{k#F R

Notes to the Text

In the same way as inorganic rocks are composed of minerals— —for example granite is
made up of feldspar, quartz and mica— —coals consist of macerals, SR B4 A
. RAEE AL A AR, Pl ERRK A, RSN,

Exercises

1. Questions for review
13 Is a maceral of coal characterized by a fairly well-defined chemical compdsition?
2} What does the term ‘maceration’ mean?
31 Name the maceral groups of coal.
4) Explain how the threc maceral groups are 1o a certain degree characterized by their
chemical compositions,

How do the chemical, physical and technological properties alter with increasing

Lt

rank?
2. Fill in each blank with the correct terms given below,
isometamorphic. macerals, crystalline, reflectance, lptinite
1) The rank of coal can be determined by measuring its ____ __on a polished surface.
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2)Coal consists of various constituents, termed _, distinguishable hy (heir opri-
cal properties.

3t A maceral of coal varies widely in its chemical composition and physira. properiu s

and ix not __ 7
11 Exinite. or = » i3 one of the three maceral groups.
3) Those maceral groups are of the sovie rank. that is to say ¢ thev are

Give the Chinese/English equivalenis for the following .

1) volatite-matrer yvield 61 AR AT ARG
23 inherent ash 7) [Fl 2 Atk Ao
3} polhishing hardiess 8) R LIEE

) refie? ad eofoar ay kR

92 nmuneral inclusions 10y BEsE

Translate the following into Chinese
As with most other rocks, the “rock” types of coal are each composed of a scries

of discrere components, termed macerals (the prefix “mac-"implying that they are mac-
erated plant remains, and the termination “-erals™ indicating that they are analogous to
minerals ). Macerals are named with the suffix “-inue”. to distinguish them from the
rock type of degradation products that have been modified chemically by diagenetic pro-
cessess 1. by maturation. The common ones include; vitrinite, the main constitueni
of the coal rype vitrain, and there are two varieties; tellinite and collinite. Under the
microscape . 1ellinite shows compressed cellular structure of what was [ormerly woody
tissue or xylem. whereas colinite whick has similar optical properties is structureless.
Suberinite , cutinite and exinile are macerals formed by coalification of bark .leaf cuticles
and spore jackets respectively, Fusinite stands apart from other macerals in that 11 is
nearly pure carbon, It often shows cellular structure under the microscope. The cell
walls are usvally preserved as a mass of broken fragments. This contrasts markedly
with cellular tissucs that are preserved as 1ellinite, where the cell walls have been de-
tormed but net broken by compaction. It appears therefore that where cellular tissues
are preserved as [usinite, the alteration must have taken place very early in the matura-
tion history, certainly before significant compaction due to overburden load. It has been
suggested that fusinite may have formed during the peat stage hy & process analogous
to *dry rot”. or by lorest fires. Micrinite is the general term applied to aggregates of
very fine-grained macerated plant materials most of which are oo small to be identi
fied.
Translate the following sentences into English:

L BREHAMS FREENRK, MEVREARNLE. BEfnEa,

D WA RAHEAES M E TR, KESERE RS, BeRE. €5

3) AL G HAb kB A 1, R80T B8 RS,
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Reading Materials
(A) Origin of Macerals and Coal Lithotypes

The foctors that influence the abundance and structure of the constituents in coals of vary-
ing type arce so interrelated that it is difficult to identify a completely independent set of
contrals. Factors that can have a bearing on the constitution of a peat deposit include the
Tollowing ;

w0y The nature of the plant community. The type ‘of plants and the relative abundance
of each form ix an obvious control, depending in turn on the geologic age of the deposit,the
vhysiographic setting. the climate and the supply of nutrients;

‘h) The climate prevailing in and around the depositional site. The temperature and
humidity . as well as any seasonal fluctuations in these factors. influence the narure of the
plant community. the extent of peat build-up and decay, and the rate and products of
weathering in the swamp hinterland;

(¢ )The extent of plant decomposition. This in turn depends on the nature of the plants
themselves, on the climate and on the Eh and pH conditions in the swamp waters:

() The tectonic setting of the deposit. This is a major factor in controlling subsidence
rates and in determining the physiographic setring, the rate of nutrient supply and the ex-
tent of plant decay;

{¢) The physiographic setting, palacogeography or depositional milieu of the deposit.
These represent a combination of factors including the depth and movement of waters . the
shape and arzal extent of the peat swamp and the chemistry, including Eh and pH, of the
swamp waters.

Vitrinite has long been regarded as the result of deposition of ligno-cellulosic tissues
¢ wood , bark etc, Yin stagnant . highly toxic waters that protected the organic material from
extensive biochemical decay. Raistrick and Marshall (19393 have noted that the great major-
ity of vitrain sheets in Carhoniferous coals, whick are usually about 6 mm thick » represent
the bark shells of lycopods, although the wood of gymnosperms and cycads was another
impurtant source of this type of material.

()n the hasis of detailed petrographic and palynologic profiles through a number of
coal seams. Smith (1968) suggests that the vitrinite-rich layers in humic coals were most
likely to have becn deposited in areas that underwent greater subsidence tham the sur-
rounding regions. In studies of Australian coal measures, Shibaoka and Smyth (1975) have
shown that coals deposited in the thicker sections of troughs (i. e. areas of greater relative
subsidence) are rich in bright lithotypes, and that these are more likely to be associated
vaith mineral partings than the duller, vitrinite-poor seams of the more stable shelf arcas.
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Shibaoka and Smyth (1475) and Cook (1873) noted that the lower seams of the Ausrrzhian
Newvastle Coal Measures and the Triassic Ipswich Coal Measures. which are ‘deep basin
type’ deposits, are rich in vitrinite , whereas the [llawarra Coal Measures. deposited wih

steady . slow subsidence . contained seams typically very poor in vitrinite. Other “shallow
basin type’ coals depusited on stable shelves or basement rocks., like the Blair Athol. Lewgh
Creek and Callide coals, also are vitrinite-poor.

The fine-grained type of vitrinite, desmocollintie, such as is commonly found in
clarain. is generally assumed to have originated either from smaller plant organs. such as
leaves, or from finer fragments of larger tissues that have been partly degraded. Desmo-
collinite usually has a lower reflectance than the telocollinite (i, e, coarse vitririte) in the
same coal,and this has been attributed to either admixture with fine liptinitic detritus or (o
the adsorption of ‘hitumen’, possibly lipoid substances derived in part from liptinite, into
the maceral’s structure, Some desmocollinite also exhibits fluorescence characteristies.
probably also reflecting the presence of ‘bitumen’ impregnations. A similar explanation
would account for the unusual fluorescence, reflectance and chemical characteristics of
some ‘jet’, wvitrain lenses derived from coniferous wood and found in marine sediments
with a high lipid content.

Another hypothesis for the higher reflectance of telocollinite {or vitrimite A. "pseuds-
vitrinite’ , band vitrinite) is that the plart material has undergone oxidation, probably dur-
ing the early stages of its development. Koch (1870), however, suggests that it is due w0
the nature of the original plant material involved. noting that. in the Jurassic coals of
Adghanistan, this maceral type had the characteristics of coniferous tissues. Cook has sug-
gested that any chernical differences between band vitrinite and vitrinite in atirital layers
may have been imposed by differences in the chemistry of the original plant materials. with
the tissues that gave rise to the band vitrinite being hydrogen deficient and therefore oxy-
gen-rich. Such material would have decomposed more rapidly than the hydrogen-rich tis-
sues ;and thus band vitrinite would have heen preserved only under rapid hurial condinions,

The inertinite macerals are generally regarded as having been derived {rom the same
types of plant debris as vitrinite, but have undergone chemical changes due 1o processes
such as charring, oxidation, mouldering and fungal attack at an early stage of their deposi-
tional history. Fusinite, for example, is thought to have originated in many cases as plant
fragments that have suffered partial combustion in forest fires. Such material. known as
‘pyrofusinite’ usually has a high reflectance, appearing vellow or white under oil immer-
sion . and with distinet cell wall margins. Another form.called ‘degradofusinite” .is charac
terized by indistinet cell walls and a lower. semifusinitic reflectance. This material is
thought by Teichmiiller to result from dehydration, oxidation and biochemical alteranian of
plant debris. However, Given has challenged the possibility that degradofusinite might he
the product of biochemical decay. 1t is a characteristically abundant constituent of the Per-
mian cozls of Gondwanaland. Other {usinite may be of primary origin . derived directly from
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certain pigmented plant tissues.

Semilusinite. in general, 1s regarded as representing ligno-cellulesic plant debui~ rhat
has suffered a lesser degree of degradation than fusinite. Fragments of both fusinie and
semi{usinite, ofien forming discrete inertodetrinite particles, can also be (ransported some
distance from their place of formation. accumulating 1 quiet, sub-aguatic conditions wirh
other particles such as spores or algae and possibly fine mineral martter.

Selerotioids (secretion sclerotinite or carbonized resin bodies)are also thought 1o result
from oxidizing condinons in the peat swamp, although such materials may also be rrans-
ported from an oxidizing environment nearby, True sclerotinite represents fungal material
and 1s also formed ir relatively dry oxygenated peat layers.

Micriuite may possibly be formed in two ways. It may represent a by-product of the
coalification of liptinite macerals, including bituminite and exudatinite. The suggestion 1s
supported by its frequent association with sporinite. Although Teichmuiller indicates 1hat
micrinite is not normally found in peats or brown coals, others have reported it in such ma-
terials, Togriher with the fact that it frequently occurs as cell fillings in higher rank coal,
this suggests thal some micrinite may also be formed by the breakdown of cell wall ~ub-
stances.

The origin of macrinite, a relatively rare component of most coals, is not well under-
stood. At least some of 1t may . however, result from the oxidation (or fusinization) of or
ganic gels formed during pezt accutnulation.

Because they arc made up mainly of fine inertinite debris and have a relarive abun-
dance of spore material, the black durains of many humic coals are classically regarded a~
sub-aguatic noze depasits, forming in deeper water environments than the bright, vitramn
rich lithotypes. Tacquebard et al (1967) bave generally indicated support for these con
cepls, interpreting the high telinite (hright ccal) contents of some Canadian seams as repre
senting forest moor environments , {ypical of the central part of a floed plain. The dulier in-
tervals of (hose seams, with relatively high liptinite and mineral contents. are thoughbt o
be the product of au open moor environment with a generally higher water table. As an al-
ternative, however, Smith (1668) has suggested that black durains, rich in macrinite and
thick-walled crassizpores, were formed in a raised , well-drained peat swamp environment.,
Tenuidurains. in which thin-walled spore types are typically associated with semifusinite
and a high proportion of mineral matter , are interpreted by Stach et al {1875)as represent
ing a horizon of peat oxidauon above the water table. Smith (1968)0n the other hend inrer-
prets them as representing a sub-aguatic ‘incursion phase’ due to flooding of the peat
swamp.

The presence of a large amount of mineral matter in a coal may alsc reflect the devel-
opment of deep-walter conditions, However,some workers suggest that such concentrations
cou.d also result from sub-aerial ablanon of peat, or from excessive peat decay in swanp
waters of p!l greater than 4. 5. Unlike the ligno-cellulosic materials that make up virrinse.
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the hiporire -ve trsers are largely resistant 10 degradation and to the gelification or similar

processe- aocemly asoorlated with peat formation. They do, however, exhibit a number
of significant chauges during coalification or rank advance.

Cannel coas are beheved to be derived from the more resistant components of decayed
plants, especially spore remains . that were washed into ponds, lakes and lagoons to accu-
mulate as fine grained, anacrobic buttom muds. Boghcad coals or torbanites, on the other
hand. are thought to represent circumstances in which clear, aerated surface waters, free
of humic matter, allowed algal colonics to {lourish, After death, the remains of these
colonies accumulated in euxinic bottom oozes, eventually to become masses of alginite or
hituminite.

'V Fram Coal Geology and Coal 'Technology, ppl05--107)
New Words and Expressions
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(B) Minerals in Coal

Depending on the nature of the coal sample involved, the mineral matter present may be
dersved from a number of different sources. Bulk samples taken from the coal as mined, for
example. normally contain mineralogical contaminants due to the presence of inrra-seam
hands of nen coal material, as well as possibly debris from the adjacent roof and floor stra-
ta. Howewver, individially selected specimens, or plies and seam compasites free of these

materials. usuallv comam a distinetive suite of minerals.
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QUARTZ

Quartz is common in most coals, but seldom as a major constituent, It often occurs as angu-
lar grains in clay-rich bands, suggesting a detrital origin. However, it may alsc oceur as
e

a chemical precipitate, possibly originally in the form of chalcedony, infilling cell czvities

in the coal macerals or as veins cutting across the coal structure.
KAOLINITE

Although often 2 minor constituent or even completely absent from the associated non coal
lutites, kaolinite is found in a large number of hituminous coals. Tt is usually very well
crystallized and in some cases is the only clay mineral that can be identified even by de-
tailed X-ray diffraction. Some of it may occur as petrifactions or cell-cavity infillings. sug-
gesting an authigenic origin in the original peat. The mineral alsc occurs as bands, pellets
or vermicular aggregates, and as an infilling of cleat fractures. The Drigin of this material
is discussed by Rao and Gluskcter (1973), Ward Y1977, 1978), and Gaigher (1980).

OTHER CLAY MINERALS \\:’)‘3 . Y\? \xa“akg"

Well crystallized illitc is & common constituent of coal from some areas, but may be com-
pletely absent in others. Montmorillenite , chlerite and regular to irregular mixed-layer clay
minerals are also found in many coals throughout the world. The assemblage of these is
usually similar, but not identical to that found in the associated non-coal lutites. It is likely
that they mostly represent detrital contaminants of the original peat, modified to a variable

extent by early or late dingenetic processes.

SULPHIDE MINERALS

Pyrite is a common constituent of many coals, particularly those closely associated with
marine strata, Together with small amounts of sphalerite, marcasite, galena and other
id

present the result of bacte-

aggregates, cell infill-

species, it occurs as lenticular masses, euhedral crystals,/fram
pacs aLan
ings, as veins and on cleat surfaces, These minerals probably r

rial reduction of sulphate-rich peat waters during early diagenegis, but [ater remabilization

is also likely in some cases as well. ‘ ?
X d
. Gy

CARBONATE MINERALS

The carbonate minerals found in most bitumjrious coals are siderite, caleite and dolomite or
ankerite. Siderite commonly occurs as spheroidal nodules within the coal, and was appar-
ently formed by chemical precipitation during early diagenesis. It is most abundant in coals
with a low pyrite content, and probably represents the interaction of iron with dissclved
(), in peat waters where sulphate concentrations were too low for pyrite production, Cal-
cite, dolomite and ankerite are mostly late-stage accumulations in bituminous coals . oeenr-
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areas where dense vegetation obscures the ground. the aerial photographs may need to be
taken using infrared rechniques.

The topegraphic data may also be processed to give a ‘digital terrain model” of the
lind surface. This can be of great value if computer-based methods are used for the assess- -
ment of coal reserves and planning ¢f mine development, especially in open-cut mine situa-
Tions.

Greological mapping, at a scale appropriate 1o the aims of the project, is a necessary
starring paint for the field work of nearly all exploration programmes. The principal ob-
jects of such a study are to determine the location, attitude and extent of the coal-bearing
strata. il not of the coal seams themselves, and the relation of these beds to other rock
unit~ in the area. Field mapping can also he used 1o reveal the nature and location of any 1g-
neous intrusions . faults or other features that may affect seam continuity and mining condi-
Lons.

The techniques used in such a study clearly depend on the nature of the area under in-
vestigation. Where the area has already been reliably mapped in detail, it may be sufficient
ra cempile all existirg data on to the base map. and use field work only to check on incon-
sistencies or points of detail. Tn other cases , however, a significant amount of outcrop map-
ping and aerial photograph interpretation may be necessary to gain an adequate under-
standing of the geological framework of coal occurrence. Only with concealed coalfields.
where the scams are blanketed by unrelated deposits of younger strata, is field mapping
likely to be of Jimited value as an exploration toel.

Recognirion and tracing of marker beds is an important component of a mapping pro-
gramme. Such markers may be beds of distinctive lithology, such as tuff, limestone or {lint
clay horizons. or alternatively zones of unusual diagenesis or weathering characreristics.
Palacontologieal zones , derived from detailed study of bivalves, forminifera, spores , poliens
or other organisms may also be useful in some cases. If these markers are concordant with
the coal-bearing strata, their distribution and attitude may serve to correlate coal seams.
elucidate facies patterns and delineate the structural features of the area. This information
van then be used 1o guide future surface and subsurface investigations.

Wherever possible . detailed stratigraphic sections should be measured. These give in--
formation similar to that obtained from exploratory drilling, but for a fraction of the cost.
Such sections may be obtained from cliff exposures, road cuttings, river banks or creek
beds. using aids such as tacheometry and barometric levelling where required.

Outcrops of coal seams are subject to the most intensive investigation. Detailed sec-
rions should be measured, and, if the coal is fresh, channel or strip samples may be taken.
Sumpling is loss vselul 1n weathered coals, but partly oxidized debris can stiil provide mate-
rial suitable for limited petrographic analysis. Even if no sampling is possihle ,the measured
seetions can still be used 1o give an indication of mineable thicksness and the amount of con-
tarminauon in the seam by bands of non-coal material. The exact location and reduced level
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of seam outcrops can also aid the interpretation of subsequent bore hole dara.

In areas where the coal seams are mantled by a thick soil cover, it may be necessary 1o
excavate pits, trenches or costeans to provide surface exposures, Thesc excavitions may
range from small operations using hand-held cquipment tc openings made by large-seale
earth-moving machinery. Because of their cost and greater environmental impact. howecer.
the larger types of excavations are more likely to be introduced at a later stagc . integrated
with the mine development programme.

{From Coal Geology and Coal Technoiogy. ppl79 -180)
New Words and Expressions
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(B) Coalfield Exploration

The number and location of drill sites necded to give adequate data for each stage of the
exploration programe, and the depth, inclination ete. of the holes at each site. depend un
the geclogy of the area under investigation, the mining method likely to be used and the
amount of information available from other sources. A drilling programme for a regional
study, such as one 1o delineate areas for closer investigation within an extensive sedimenia
ry basin,may make vse of holes many kilomerres apart. Areas of essentially flat Iying stre-
te, with little geclogical complexity due to faults, washouts, splits etc. . may. on the othcr
hand, need a pattern of holes at a spacing of 1-2 km to provide sufficient data for the design
and initial development of an underground mine. For 2 major open-cut operation. the prov-
ing of reserves may require holes spaced at intervals of less than 100 m. with still mere
holes in places to delineate the aciual location of the seam outerop or the limit of neur-sur-
face oxidation before mining can commence.

Although known coal-barren intervals may be penetrated without coring prelimmary
evaluation of a previously unexplered area or stratigraphic unit commonly requires « core
to be taken throughout the entire coal-bearing part of the succession. As well as providing
details on the structure. thickness and quality of the major seams present. such @ pro-
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gramme can be used to obtain data on inferior seams. which could possibly be waorked un
der different economic circumstances. Fully cored holes can also be used in this situatunn o
supply the geological data needed to draw up a sedimenary model of the sequence ax a
guide to future exploration.

In drilling to prospect for and design an underground mine. cores arc generally 1aken
a1 least over a significant interval of the rocf and floor of the seam, as well as the actual
coal ~eam (or seams} under investigation. This is necessary to provide data on the detailed
strat.graphy and mechanical properties of these beds ., as well as samples of coal for quality
evaluation. Non cored holes through coal seams are more common in areas intended for
apen eut operations. where most of the drilling is directed towards establishing only the
variations 1n thickness of coal and overburden materials. Suitably located cored holes are
also needed in such programmes. however, 1o provide samples for testing of coal quality.
and 10 allow the mechanical behaviour of the strata in the overburden and floor of the aune
1¢» he assessed.

Msany commercial expliration programmes employ independent drilling teams on &
cantract basis. Such contractors are generally required to provide the necessary equipment
and rranspor it to the drilling site. They are also responsible for the provision of skilled
labour . accommodation , maintenance and safety while the work is in progress,and for leav
ing the site in an acceptable condition when the heles have been completed.

Most drilling contracts List the rates of payment for non-core and core drilling per unu
length drilled . possibly with different amounts for various depth ranges or geological condi-
tions. Other costs to be considered include the mobilization and demobilization of equip-
ment and personnel 1o the arca. especially in remote regions, and the transport of the drili
from one site to the next, The cost of ‘stand-by time’, when the drill crew is required 1o
wail lor a geclogical inspection.for the arrival of geophysical logging equipment or for oth-
er reasons under the control of the geologist should also be specified.

It is common in core drilling for a contract to allow payment, espectally when drilling
zomes of interest only if a certain percentage of the possible core is recovered. Modern
equipment can attain recoveries of aver 90% in favourable geolegical conditions, and a
penalty is sometimes imposed on the driller’s remuneration if less than a reasonable value
is achieved. -

Checking and approving claims for payment made by the driller requires a thorough
knowledge of the drilling contract. as well as complete records of the progress and core ve-
covery. Kreping of lithologic logging up to date also enablcs the geologist to advise the
driller on the conditions that may be expected at greater depth, indicates when unprodue
tive hules should be terminated, and allows the programme to be rearranged if required as
new data comes to hand.

As well as the facilities for the actual drilling operation, a surveying team is required
10 determine the exact lacation and reduced level of each hole.so that it can be properly lo
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cated even on large-scale mine plans. Arrangements for any geophysical logging vr ground-
waler testing must also be made , and scheduled to fit most efficiently into the drlling uper-
ation. Sufficient receptacles .such as core boxes,are alsa required o accommadate the nimi-
ber and type of samples being taken.

Bueause of the great expense involved in obtaining them, and the wide range of wlor
mation that they can yield. core samples 0! coal seams and the « wcent non-coal =trata
should be examined in as much detail as possible. Especially with coal seams, but also with
overburden or mune roo’ and floor rocks.the colleetion of a complete core with as lLintle dis-
turbance as possible. Is vital 1o 1he success of this examination.

Il a triple tube cure barrel is used, the split inner ube is laid horizontally and the top
hall remove | e enpose the core. The geologist may . if necessary, log the core as soon as
1 s exposed in this way, while drifling 1s continued with a second core harrel, Alrernative-
iy+ the core may be transferred by the driller to a segmented core box or other receptacle
before toggnug 15 commenced.

The depih of the hole when the core is withdrawn at the end of each drilling run is in-
dicated on a marker piaced by the driller at an appropriate point in the core box, Great care
~hould be raken in relating these markers to the depths and thicknesses of the sirats aclu-
ally penetrated. A certain amount of core may, for example, slip through the core lifter as
the barrel is withdrawn, so that the bhase of the section recovered is unknowingiy taken
from a shallower depth than bad been anticipared. The dropped core may be recovered. at
least in part, by the next drilling run. in which case, provided no slippage oceurred at the
hase of this interval . the thickness of strata between adjacent markers will be greater than
the distance indicated by the two depth values involved.

Correction of measired depths and thicknesses to take account of such factors. as well
as any actual core losses that may have occurred, is an integral part of the logging process.
It may be aided by evidence such as the presence of grooves on core that has slipped
through the core lifter, or by indications, that a certain length of core has been ground by
the drill during a second penetration. Variations in drilling rate,or the hithology of cuttings
recovered from the hole may also be significant, but the depths at which major lithological
changes arc identified by geophysical logs, if these are run ¢n the hole, are probably the
most reliable basis for final adjustment of the geotogical record.

Cores of non-coal strata are logged as systematically as possible to record their sedi
mentological and geomechanical properites. The way in which these data are actually
recorded may vary considerably,and as well as logs compiled by manual methods it i» com
mon practice in many areas for data to be processed by computer-based techniques. In such
instances. recording directly on specially printed coding sheets may he preferred,

Where a relatively small number of rock types is present in the sequence under investi-
gation . greater consistency and ease of logging may be achieved with the aid of photograph
ic reproductions of selected reference specimens. Comprehensive assessment of the htholog-
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e variation in the area is first carried out, to establish the significant rock types and sedi-
mentary structures that should be noted. Typical specimens are then photographed and
sompiled in book form to assist their identification in the field.

Such *photo books® are very useful in situations where persons with only limited geo-
logical knowledge are involved in core logging. However, they can also assist in providing
a standard to impro  the consistency between logs of bores in the same area prepared by
dilferent professional geologists. Such a reference can allow a smaller namber of lithologi-
-al terms to be used in core logging, and assist in the assimilation of large amounts of geo-
logic data by computer-hased systems.

Systematic ricording ol the core’s sedimentological features is essential for reliable
stratigraphic correlation throughout the study area. Detailed lithologic data may also be
used to construct a depesitional model of the coal-bearing sequence . giving a more complete
understanding of the distribution of the various sedimentary facies in the field, This may in
turn help in the location of further coal deposits elsewhere in the region.

Geological description of coal seams, even those that are not of commerical value, is
usualy much more detailed than that required for non-coal strata. Thin ‘dirt’ bands and
partings are usually recorded individually . as these may represent significant contaminants
or may be useful markers in mining operations. The coal itself is logged in relatively small
units. using macropetrographic or lithotype terminology. Special attenrion ix paid to
changes in coal type,especially with coals of coking or liquefzction potential, and to the oc-
currence of shaley coal or other impure materials. Any mineral matrer visible in the coal.
or or cleats and fractures is also noted.

The geomechanical properties of both coal and non-coal strata. including factors such
as their strength, the crientation and spacing of any joints or fractures and the depth 1o
which weathering or oxidation has extended,are essential considerations in the mine design
phase of a coal evaluation project. A comprehensive geotechnical investigation, at least for
critical parts of the area, is normally incorporated into this type of operation, but many of
the fundamental decisions on the viability of extraction methods are nevertheless made at a
stage when the only geological data available are from boreholes sunk for preliminary ex
ploration.

As much geotechnical data as possible should be obtained when logging cores from all
classes of exploration bores. Many of the properties involved may alter to some extent dur-
ing storage, #nd thus. even if the core is available for re-inspection or testing at a later da-
ta-the results obrained at that time may be misleading. Systematic recording of quantitative
geotechnical data. in a manrer such as outlined by the Geological Society Engineering
Group Working Party (1970), may be incorporated into the logging process for all bore-
holes if the necessary resources are available. This may include measuring the degree of
fracturing of the core in a systematic way, such as determining the Rock Quality Designa-

tion (R. Q. I Y. an index that can be used as a general guide to the strength of the various
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rock types recovered. A number of simple field tests may alsc be carried out on represents
uve core samples , such as the point-load strength index, the Schmidt rebound hammer 1051
and others such as those suggested by Johnson (19773, Some samples may even be ruboun
ted for laberatory testing of geomechanical properties.

If such quantitative data are not obtained. the geological leg should at least include
general notes on the relative strength and hardness of each rock type, the nature of its Irac
ture surface and the durability or resistance of the rock to weathering. Rocks that are un-
duly fragmented by drilling. or those that disintegrate readily when exposed at the surfice
zre most significant ,as they may give rise ro instability of roof , floor or overburden mater-
als in the mining operation.

Other geological features that need to be noted include the relative degree and depth of
weathering in the sequence, the position of the water table (standing water Jevel). and the
location of any zones of jointing or indications of faulting. Intervals of the hole where ¢x-
cessive Joss or inflow of water took place,or where any caving was encountered should also
be recorded, together with the means by which these difficulties were ultimately remedied
in the drilling process.

(From Coal Geology and Coal Technology. ppl193 1873
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Lesson Twelve
Text 'ﬂaP ceot 1l

(Geological Factors in Roof Behaviour

Apart from the presence of high stress levels in relztion to rock strength, strata behaviour
it the roof of an underground mine is affected, to z great extent, by a number of detailed
geological features in the actual beds concerned. Features that may help to cause roof fail-
ure range from small-scale irregularities such as local bedding-plane discontinuities, to
large seale problems such as zones of deformation generated by basin-wide tectonic pro-
cesses. Summaries of the factors that may contribute to roof problems in several different
coa'field areas are given by McCulloch et al (1575}, Williams and Wilson {1976}, Moehbs
(1577), Krause et al (1979 and Shepherd and Gale (1982) and several of the more signifi-

canl factors are discussed below.
PRESENCE v WEAK OOR UNCONSOLIDATED MATERIALS

(ne of the most fundamental factors in roof behaviour is the amount of solid rock above
the szam in relation to the depth of the mine below the ground surface. A large part of the
material above the seam., particularly in relatively shallow mines , may be made up of talus.
glacial drift, alluvium or deeply weathered bedrock, leaving only a thin layer of consclidat-
ed strata to form the roof of the opening concerned. The weight of these surficial deposits
may contribute substantially to the pressures developed at depth. but. as they usually have
a relatively low inherent strength, they are unable to provide a great deal of support for the

rool if they extend into the zone where failure may take place.
NETERIORATION WITH EXPOSURE

Many of the rock types that form the roof of ccal seams , even though relatively strong
when fresh. may deteriorate on cxposure to the mine atmosphere. This deterioration may
be duc 10 wetting from groundwater seepage and the use of water sprays for dust suppres-
sion. or it may be due to excessive drying out by the moving air of the ventilation system.
Such properties are nor always apparent {rom visual inspection of the materials in bore
cores or recent expasures . and simple tests such as the slake durability test may be needed
o identify these materials and allow remedial action to be taken before the problem gets

out of hand.
BEDDING-PLANE DISCONTINUITIES

Physical discontinuities may occur in an otherwise solid rock due to the desesitional pro-
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cesses under which the rock was formed. Depending on their orientation, these discontinu-
ities can provide surfaces for bed separation or block detachment in the roof of the mine,or
act as pathways for water to produce strength deterioration, The principal features of this
type that may cause roof problems are

(iMissile or laminated rock types,such as fine alternations of sandy and shaley materi-
als and flaggy sandstone or limestone beds;

(ii) contacts between different rock types, especially where shaley sediments are over-
lain by water-bearing sandy or conglomeratic materialy

€iii) thin films or horizons of carbonaceous or coaly materials, and individual, clay-
filled partings in coal and other rock types;

(iv) foresets of cross-stratified rock types, such as occur in many sandstone beds;

(v) slickensided fractures, commonly developed in fine-grained sediments by com-
paction processes;

(vi)in situ fossil tree stumps or fossil logs , which commonly form bell-shaped features
in the roof, surrounded by coaly films or slickensided fracture surfaces,

Detailed mapping and correlation of underground borehole observations may be neces-
sary to build up an understanding of the distribution of these features in the mine roof, and
hence determine the measures that can be taken to ameliorate any problems. The use of a

sedimentary model may be of considerable assistance in this regard.
WASHOUT STRUCTURES

In areas where the coal seam or the immediate roof strata are cut by scour and fill struc-
tures or washouts, the strata surrounding the infilled palaeochannel commonly contain nu-
merous slickensided surfaces produced by differential compaction. The largest slickensides
rend to be curved features, oriented parallel to the washout line, and may be encountered
in the mine workings some distance before the channel itself is reached.

The complex interplay of lateral changes in rock strength, together with the presence
of bedding plane discontinuities of various types in the vicinity of these features, gives rise
to a number of different processes of roof failure. Detailed mapping, aided by high resclu-
tion seismic studies and an appropriate sedimentary model may be necessary to enable the
location of major washouts to be predicted and hence aliowed for in mine planning opera-

lions,
JOINT AND FAULT PATTERN

Joints and small-scale faults in the roof strata provide further mechanical discontinuities in
the rock mass. Depending on their orientation, they may open, slide or be squeezed tightly
closed under the loads imposed by the mining pracess. Together with the discontinuities in-
duced by the rock’s bedding characteristics, they may help to detach blocks of varying size
from the roof of the rhine, and lead to unstable conditions in underground operations.
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A detailed appraisal of the joint and fault pattern in a major Australian coalfield is giv
en by Shepherd . Huntington & Creasey (1981). Linear zones of roof failure occur in several
hord and pillas mines in this area, apparently associated with swarms of closely spaced
joints and faults. These in turn appear to be related toc basement irregularities.

The swarms have been mapped at the surface by field observation and aerial photo-
graph interpretation. and in the mine workings beneath by detailed underground studies.
Statistical analysis of the number of joints or faults per metre, in relation to the behaviour
of the roof strata involved, has been used to determine the minimum spacing or maximum
frequency for good mining conditions. As the width of the swarms is generally greater than
that of the roof failure zonc,short-range forecasts of difficult areas can be made by geologi-
cal monitering of development headings and noting the point at which the frequency of
joints with a particular orientation exceeds this threshhold value. Long-range forecasts for
mine planning -before development takes place can be based, if necessary, on the location
of fracture swarms revealed by surface studies.

As well as joints, imposed on the strata by tectonic processes, the roof rocks may also
be cut by a series of more or less regular fractures induced by the stress redistribution as-
sociated with the mining process. These must also be taken into account as mechanical dis-
continuities in the study of roof materials.

{From Coal Geology and Coal Technology. pp255—256)

New Words and Expressions

1. bedding-plane ['bedig'plein] n. BE |v 13, flaggy ['flegii a. SO HEHN
2. discontinuity [dis kanti'npuit] n. g4, 8 l 4, carbonaceous [kocbo'neifos] a. BEHS: SR
i 5‘ f
VS' talus [“eilas n. |UAEHER]; FeBHE “)5. foreset E'fa:sgt] n fIAE
4. alluviom [olurviam] n. Wh8R%, whfRE 16. cross-srratified ['kros'streetifaid n. R R
S, bedrack ['bed'rok] n. & i
6. deteriorarion [di tisria'reifon | n. 3R ; Bil; & 17. ameliorate [a'mitljareit] v. LR ; (& T
& 18. palaeochannel [pelisu'tfenl] n. & iE
7. deteriorate [di'tiarioreit] v. B84t HERK | 19. interplay [inta'plei] n. . v. MEEH,; HEH
8. seepage L'sipidz] n. B ill: B i H
. suppression [sa'prefan] n. ffl; b ‘ 20. swarm [sworm] n., v. 8F; BE#
\/'lﬂ stake [sleik! v., n $#%; ZK88; BR - 21. workings ['wakigs ' n. TR FiE: ¥

11, fissile [fisail] a. B R \ pa:
‘\)2. laminated ['lemineitd] a. [RELBY; TT4E [ 22. redistribution ['rirdisuribjuwfan] n. EATE

Notes to the Text

In areas where the coal seam or the immediaie roof strata are cut by scour and fill

structures or washouts,the strata surrounding the infilled pataeochannel commonly contain
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numerous »lickensided surfaces produced by differential compaction. TE mil ek a8
BFROHABRREERMENREK, A TFERELMER, FRAETTEN RS Z2E
Ak BA IR .
41340 where --+ washouts & B8 M B] B areas , B H scour and fill #4884
4814018 surrounding the infilled palacochannel (a8 FEEM S E R E) #4F the sua-

ta,
Exercises

1. Questions for review.
1)How do the bedding-plane discontinuities affect the strata behaviour in the roof of an
underground mine?
2) What is meant by roof failure?
3) Whar are the geological factors in roof behaviour?
4) How do the washout structures affect the behaviour of the roof strata?
5) What does rthe strength deterioration mean?

2. Give the Chinese /English equivalents for the following:

1) sleke durability 6 BREY

2) rock mass 7) TSR

3) high resolution 8y Mk

4) development headings 9) B ILHEE

5) mine atmasphere 10) B3I A R

3. Fill the blanks with the words below
or from for in
of on to at
The process of gathering geologic data ( } a mine area does not cease

when extraction of the coal is commenced. Detailed plans of the workings are made
and kept up ( ) date, as the operation progresses. by colliery surveyors em-
ployed ¢ ) the mine site. These plans show the location of all openings very pre-
cisely, ( ) most cases, they also show the nature, location and extent of any

faulis, washouts, igneous intrusions or other significant geological disturbances.

A routine programme of seam section measurement , sampling and analysis is usu-
ally also undertaken as production is carried out. This enables the trends indicated by
the exploration programme to he investigated more closely, for relatively little cost,
and allows up-dating of all types ( ) coal quality maps. The guality maps pre-
pared from the:se datza are, in general, more detailed than those prepared during earlier
broad-scale exploration. Projection of the data ahead of the workings may be used to
detect any irregularities ( } quality variations before they are actually encoun-
tered in the mine, and therefore provide a valuable basis { ) advance planning
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and production scheduling. The maps also allow continued refinetnent o ror v - sU
mates, { } which the need ( } additional development can bt asse ~~cd s
any time.
4. Translate the following into Chinese .
The design and construction of a major surface mine generally takes place m threo
separzte, but overlapping stages;
(a) Conceptual evaluation-— -an assessment of the basic geologie data un the
area, in conjunction with regional geographic and economic constraints. to determine
the general feasibility of establishing a viable mining operation;
‘b Interim design - —an assessment of more comprehensive geclogic data. in
cluding geomechanical and hydrological factors. to draw up a preliminary mine design
and test 1n detail its economic viability. From the results of this study. a decision i~
normally made as to whether the capital, manpower and other resources should be
committed to mine development;
(¢} Final design——a refinement of the various components of the mine design a-
follow-up geological and other studies are completed. This stage merges, without =g
nificant breaks into the construction of the on-site {acilities and the commencemem of
regular coal production.
Each successive stage requires an increasing amcunt of geological data. The con-
ceptual framework of the operation,together with a general assessment of its technical
and cconomic viability. ¢can usually be made from the results of the initial exploration
programme. Information required for this purpose includes the number, thickness.
quality and hkely extent of the workable coal seams, the broad geologic structure of
the seguence in relation to the topography of the area, and the general magnitude and
marketablility of the availabie coal reserves. Should the results of this study prove suf-
ficiently encouraging. 2 committment will normally be made to carry out a more com
prehensive feasibility study of all or part of the area. without necessarily deciding that
a mine will zctually be established on the site at all.
5. Translate the following into English ¢

LORBEME CHE—HEEEREN. AR R RREERNEH CBIE
REEEF. PHRAREEERFEEAAREERER ral, SNESERE. 5
. RRTE T, AWMERTIESEN, SAEMAN, REEESAEILER.

Reading Materials
(A) Geology in Underground Mining

The design of most large underground mines, particularly bord and pillar operations. vm
bodies development into virgin coal at one or more separate localities. As well as coal win-
ning, part of this development work is inherently devoted to an exploration of the scam in
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untested areas. H unexpected difficuities are encountered in the mining of one area. produc-
tion can be switched 1o another part of the mine in such cases untul the problem is over-
come.

Incorporation of this spare “pit-room’ in large scale, highly mechanized mines . howev-
er. involves the provision of more haulage facilities, supply lines and venrilation capacity
than would otherwise be needed for efficient coal production. Detailed geological studies
are often used in underground mines to reduce the need for over-capacity by establishing
the natural constraints on cozl extraction before any development actually takes place.

Geological work for underground mines may be directed towards one or maore of the
following objectives,

(a) To identify and map any mining hazards or breaks in seam continuity, such us
those due to faults. dykes. oint zones or washouts, so that they can be taken into account
in the overall mine design.

(b} To delineate coal thickness and quality trends from evaluation of mine znd bore-
hole samples, and relate the data to the day-to-day production requirements of the mine.

() To investigate the geotechnical behaviour of the seam or its roof and floor rocks in
relation to roof support requirements and the likelihood of rock, coal or gas outbursts in
the mine workings.

The investigations may be conducted as part of the design process before mining com-
mences. or they may be part of an on-going programme of data acquisition carried out 1n
conjunction with regular coal production. They may be further developed into a retined
process of ‘risk reduction’ , such as that described in detail by Elliott (1874).

This section discusses the features that are significant in selecting the mining method
1o be used . the features that may affect the overall mine design.and the techniyues that can
be applied in the delineaton of detailed quality trends or the location of seam discominu-
ities while mining 1s in progress. The actual behaviour of the strata around an underground

opening. however. is discussed separately.
GEOLOGICAL CONDITIONS FOR BORD AND PILLAR MINING

Bord and pillar mining . in general, is most suitable for reasonably thick, relatively shallow
seams with moderately strong roof and floor strata, The cost of equipping a working face
is relatively low, compared 1o lorgwall methods, hut operating costs per tonne of coal are
rclatively high. Ttis « however. a flexible technique, and the equipment can be shifted more
readily from one location to another should unexpected problems be encountered,

The principal geological factors to be considered for bord and pillar mining are as fol-
lows .
(a) Seam thickness
Mechanized bord and pillar equipment is available for seams dowu 16 about 0. 7 m in ihick-
ness . although 4 working section greater than about 1. 4 m is preferable ir. most cases. To-
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gether with the width of the opening, seam thickness controls the amount of coal extracted
per unit length of face advance, and thus the economic return for the cost of extending the
roofl support and haulage system.

However, where the thickness to be worked s greater than 3 or im, difficulty may
be encountered in obtaining sufficienr reach with the coal-winning equipment used, or in
handling the supporrs for the roof strata. The range of working thickness for the area to be
extracted is alsc significant in selecting the most suitable equipment, while the cross-sec-
tional area of the various openings must be considered when assessing ventilation require-
ments.

(b} Coal strength

The coal to be worked should be relatively strong in order that the pillars formed will not
crush or callapse under the loads imposed on them. This is an important factor in obtaining
good recovery from first workings, where the strength of the seam, along with the depth
of the workings . determines the pillar size. It is also important, however, in the pillar ex-
traction process, as larger amounts of weak coal may still need to be left in place to ensure
safe working conditions.

The strength of the seam also affects the type of mining equipment that will be used
at the working face. A boom miner , or possibly & cyclic conventional unit, may be neces-
sary for particularly tough materials, In some cases, the use of high-powered equipment
may give rise to excessive levels of airborne dust, necessitating increased ventilation rates
to aveid endangering the health of mine personnel.

(e} Roof and floor characteristics
In areas that are to be maintained. at least for a significant time, as first workings only,
the roof and floor of the seam should be relatively strong and free of creep effects. Howev-
er, as it is necessary for the roof 1o collapse in pillar extraction, excessively strong materi-
als can also cause prohlems with stress buildup and air blast at a later stage of the opera-
ticn,
(d) Seamn gases
Ideally the seam should not produce large quantities of explosive or noxious gas, such as
methane and carbon dioxide. A large area of mine workings has to be provided with venu-
lation,and the air-flow rate would need to be increased to dilute these emissions. Similarly,
it is preferable that the seam not be liable to spontanecus combustion, as fires are difficult
to control in the extensive ventilation nerwork,
(e} Seam dip
The dip of the seam should not be excessive, since difficulty may be obtained in providing
traction for the mining equipment, Special arrangements may be possible for steeply dip-
ping seams, by restricting the direction of development to keep gradients within reasenable
limits.
(i) Seam depth
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The depth of the seam below the surface determines, 1o a great extent, the level of stress
imposed an the coal pillars. For this reason, larger pillars are wsually formed in deep
mines . resulting in a lower recovery of material from the first workings process. Panel and
pillar operations, such as the Wongawilli system, are more effective at greater depths than
a two-stage process, but if the depth exceeds about 500 m. longwali methods are usually
preferred.

(g) Surface subsidence

The desirebitity of subsidence at the ground surface is a major facior in the environmental
impact of any underground mining project. and in areas where such subsidence cannot be
tolerated, such as around major surface structures, no mining may be permitted at all. A:
least some mining may still be possible, however. in many cases by using a bord and piilar
process with development of first workings only, but pillar extraction, and of course long-

wall operations, generally cannot be used at all in areas affected by restrictions of this

type.

GEOLOGICAL CONDITIONS FOR LONGWALL MINING

Longwall mining is able to operate under a wider range of geolegical conditions than bord
and pillar techniques, and is preferred for deeper mines, for thin seams and for workings
in steeply dipping beds, as well as where the roof strata for the seam are relatively weak.
The technique alse forms the basis for the extraction of coal from extremely thick seams by
multi-slice and caving methods. However, longwall mining inherently involves a high rate
of output from a single working face, and any interruption to production is therefore a ma-
jor problem. Once an individual panel has been established, relocation of the equipment to
overcome an unexpected obstacle is & difficult, and therefore costly process.

The principal geological factors that can affect the success of a longwall operation in-
clude the following;
{a) Seam thickness
Particularly if advancing techniques are employed , longwall mining can be used with seams
that are somewhat thinner than might be desirable for bord and pillar methods. Hydraulic
supports are also available for seams up to 3. 5 or 4 m in thickness, However, as the sup-
ports used in mechanized operations can only extend or contract over a certain distance . the
seamn should have a working thickness, over the area 16 be extracted, within the range of
the supports used. If the seam is too thick, a certain amount of coal may need to be left in
place to ensure the success of the operation, while if it is too thin, some non-coal material
may need to be taken as well as the coal. The possibility of minor irregularities in thick-
ness, such as those due to roof or floor rolis, must also be taken into account in longwall
design.
(b} Seam floor
The floor of the seam should be strong and have a relatively even surface. If the floor is
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weak , or becomes plastic when wet, the props will tend to become embedded and progres-
sion of the face may be impeded. Minor irregularities . such as floor rolls, can also irterferc
with the forward movement of face equipment.

(c) Working roof

The strata above the seam need to form a stable roof in areas such as gate roads and at the
immediate working face, but at the same time are required to collapse readily behind the
mining equipment once coal extraction has heen completed. With a roof that is dominatad
by thick layers of strong materials, such as well-cemented sandstones, excessive overhangs
may develop behind the line of roof supports. The weight of this rock places additional
loads om the hydraulic legs of the roof support system. If the legs are designed to yield at
teo low a value in these circumstances, the overhanging layers tend to pivot about a point
slightly ahend of the coal face itself, and may cause fracturing in front of the roof canopy
that leads to difficulties with face advance. Where stronger legs are used . however, or with
weaker roof rocks, the overhangs tend to pivot mainly about the rear of the supperts. and
satisfactory goaf conditions are easier to maintain.

The nature of their contact with the coal seam may also be important to the design of
the support system. If an uneven roof parting is likely to be developed,supports with artic-
ulated roof bars may be necessary to accommodate the irregular contact surface. Additional
support from hydraulic cylinders at the tip of the roof canopy may be required in some cjr-
cumstances.

(d) Strata dip

Because the operations do not depend on wheeled vehicles in the same way as bord and pil-
lar mining , longwall faces can be used in a wider range of strata dip conditions, The layout
of the workings, however, is controlled to a great extent by the dip direction or gradients
involved,

(e) Seam discontinuities

The area to be worked by longwall methods should be free of any wide dykes or washouts
and major splits or fault displacements. Penetration of these obstructions to seam continu-
ity is virtually impossible over such a wide front, and working usually needs to cease until
a new face is established on the other side.

The layout of individual longwall panels within the mine is generally governed by the
location , orientation and extent of these discontinuities, as determined by detaited geologi-
cal exploration. In retreat mining,any previously unknown features of this type may be de-
tected in the development headings ,but in the advanece. technique this is not pessible before
the face is actually in operation. Probing ahead by various means may be necessary in long-
wall advance, and also be desirable in retreat mining, as many disturbances do not persist
as far as the periphery of the block to be extracted.

(f) Surface subsidence
Substdence of the ground surface must be allowable in a zone surrcunding the area to be
120
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worked by longwall metheds.
(From Coul Grology and Coal Technology, pp241--2453

Wi New Words and Expressions
mﬂ
}(1. winning Lwinit)_ n.,» a. ¥ HELREK 13. advancing [ad'vamsin] n. . a. WHAFE
2. haulege ['hodids] n. EH. %3 |/14. roll Troul] o, v. M
3. outburst [lautbast] n. ZEH roof ~ IR
gas ~ FWRE#t floor ~  JFEH M H
4. flexible ['fleksabl] a. BEHHE: AEHN W15 prop Cpropl n.» v, X485 HH; @
V5. boom miner BEFFE B A M 16. gate road i RPHH
6 ereep [keip] n. 88 17. overhang [louva'han] n. BFHy, M, #
7. noxious ['nokles]| a. HHH: HEH M
8, sponianeous combustion [} VIB. canopy ['keenapi] n. TR, W
‘/{ panel ['penl] n. /K; KK w19 goaf [goul]) 0. RFE; £
10. surface subsidence #iF%I8E VZO‘ articulate [atikjulit] v, () &8
11. caving [keivin] n. Hi{E; HERTE ~ ed roof bar B EE TR
12. relocarion ['rilou'keifen] n. EHEE, 8 21. retreat mining fFiRAIFR
e E

(B> QOutbursts of Rock, Coal and Gases

Sudden. violent failures of the coal face or the roof or floor of the seam are sometimes en-
countered in underground operations. These may range in severity from the expulsion of
small fragtrlents to the collapse of several complete coal pillars.‘ Loss of life has resulted
from such failures on many occasions .but even relatively minor gccurrences may cause con-
siderable difficulty due to lost production as well as the need to remove the expelled mate-
rial and reestablish a safe mining operation.

A comprehensive review of outburst phenomena in coal mines is given by Shepherd,
Rixon &. Griffiths (1981). This study has grouped viclent failures in underground mines in-

to three principal categories ;
ROCKBURSTS R ‘BUMPS’

These are viclent failures of in situ rock as a result of overstressing on the scale of an en.
tire mine panel. Important characteristics in this type of failure include the absence of any
abnormal gas emissions from the strata concerned. Such failures can be further subdivided
into those due to loads applied directly to the mine opening ( ‘pressure bumps’) and those
where the load is transmitted to the opening by failure of rock some distance away { ‘shock

bumps’).
OUTBURSTS FROM ROOF OR FLOOR STRATA

These are rapid cmissions of gas Cusually methane and/or carbon dioxide). together with
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a certmn amonm of rock in some cases. from the roof or floor of the worked seam. Our-
Lursts from the floor may take place through cracks induced by strata movement, while
roof curburses of this type often occur in association with blast holes drilled during mining

operaiions,
INSTANTANEOUS OUTBURSTS OF COAL AND GAS

Also known in some areas as ‘blowouts’, these are spontaneous ejections of coal and gas
from the in situ material at the rib or face of the mine opening. The gas. a mixture of
methane and carben dioxide , is emitted in large quantities, but the emission rate usually de-
creases rapidly with time. The coal is ejected with the gas in the form of a finc powder.
forming a cavity ahead or 1o one side of the working place, generally originating in the up-
pet part of the working section,

Rockbursts are a different phenomenon to gas outbursts from either the seam or the
adjacent strata. They are gencrally considered to be due to excessive loading of brittle rock
and are more common in isolated pillars where large areas of the surrounding seam have
been extracted. Gas outbursts, on the other hand, are more likely to occur when the work-
ings are advarcing into previously unmined strata , from which any trapped gas has had lir
tle opportunity 1o escape. They tend to have a greater proportion of fine particles in the ex
pelled debris than do rockbursts. and are more likely to take place in porous fractured or
cleaved marertal than in a non-porous, homogenecus rock mass.

(tas outbursts are the most common form ol violent failure in coal mines. They are the
result of a combination of a high gas content in at least part of the seam and excessive
stresses due 1o burial or tectonic {orces and to the removal of coal in the mining process.
They may ari<e. for example, when the workings approach too close to & packer of high
pressure gas. such as might be trapped in an abnormally fractured part of the coal bed. Al-
1ernatively . the development of mining-induced fractures in a stressed enviroment ahead of
the face may liberate sorbed gas from the coal and precipitate an outburst at a suitably lo-
cated place m wenkness.

The gases that oceur in and around the seam act both to reduce the effective strength
of the material in which they occur and to exert a censiderable expansion pressure on the
enclosing pore walls. They are probably generated for the most part during the rank ad-
vance process, particularly near the transition from high volatile to mediom volatile bitumi-
nous coal, Shepherd, Rixon & Griffiths (1981} indicate that all extensively mined seams
i Australia with a vitrinite reflectance greater than 1. 10% (i, e. medium volatile bitnmi-
nous coal or higher rank materialYare outburst-prone, while no cutbursts have been report-
ed in Australian collieries working seams with a reflectance below 1. 0057, Other gases,
made up largely of CO), rather than methane, may also be introduced duc to the effects of
ignecns intrusions or deeper seated magmaric processes on the coal seam.

The actusl location of many outbursts 15 often related 10 the presence of particular
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structures in the coal seam, such as specific faults. folds, joints, cleat or fracture paiter
These structures may represent points where stress concentrations are naturally devc
oped, or where accumulations of gas may build up during the history of coal seam forma
tion, Once such a relation is established, it may be possible to delineate the focation of out-
burst-prone areas in the mine by evaluating and mapping the features concerned.
Rockbursts and gas outbursts are generally preceeded by small-scale or microsesnuc
shocks, A network of geophones can be used in the mine 10 record these shocks. providing
much the same 1ype of data as that obtained in crustal ecrthquake studies. The location of

each individual microseismic event is determined from differences in the arrival time of the

signal at the various geophone stations , and maps of shock centres may be used te delineice
potential outburst zones. The rate of shock generation from such a zone tends 1o change
very rapidly in the interval immediately preceding failure, and by plotring the number of
bumps recorded from each zone per day, an estimaie of the relative stability of differsnt
parts of the working area can be made.

Microseismic monitoring of this type is also potentially useful in providing warning of
less violent, but nevertheless still dangerous problems with strata behaviour, =uch ax roof
falls. However, the seistnic pulse is of lesser intensity in these circumstances. and therefore
more difficult to distinguish from the background noise produced by work in the mine. Fx
periments by Hooker ef af (1970)suggest that only a relatively short warning time 1= likely
to be given compared to that obtained for outburst phenomena.

The pressure of gas in the seam can be reduced, in many cases, by a pattern of hore-
holes drilled ahead of the face to provide a series of drainage paths. In situ gas pressures,
gas compositions and anticipated flow rates from such operations may be evaluaied i nee-
essary, before mining commences. A series of bores may be sunk from the surface 1o pro-
vide the gas drainage system. either meeting the coal bed essentialiy at right angles. or de-
flected to meet the seam approximately parallel to the bedding plane. More communty.
bowever. the bores are drilled parallel to the seam from appraopriate underground loca-
tions. The gas may be drawn off, using suction if necessary in impermeable seams. and s
charged at a convenient peint on the ground surface. If the gas is mainly methane . 1t mav
even be processed and marketed as a hy-product of the mining operation.

Several additional methods for the prediction and prevention of cutbursts are de-
scribed by authors such as Neyman ez af (1972}, These include an evaluation of the me-
chanical properties of the coal itself, and an assessment of the degree of difficulty ¢ncoun-
tered when drilling small-diameter boreholes several metres ahead of the face.

(From Coul Geology and Coal Technalogy., pp257—25%3
New Words and Expressions

1. severity [si'verin n. “E.: M5 ‘vﬁ bump "bamp] n. S EH
|

2. rockburst “'rak'bawst]) n.. HOREE pressure ~s IR
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shock ~s WML

. overstressing ['ouva'stresin] n. WE K 715 8

bk =3

. blowout [blou'aut] n. FFWE, @3
. unmined ['an'maind; a. AR FFFH
. sorb [soby v TERH: TR
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9. geophone ['dzi:oufoun] n. MoJE¥ i3

10, deflect [di'flekt] v. f{Mal

11. suction ['sakfan] n. fHEE; W 4



Lesson Thirteen

Text
The Hydrologic Cycle

The amount of water on earth is itnmense, an estimated 1. 36 billion cubic kilometers (326
million cubic miles). Of this total, the vast bulk—97. 2 percent—is part of the world o-
cean. Irecaps and glaciers account for another 2. 15 percent, leaving only 0- 65 percent to
be divided among lakes. streams, subsurface water, and the armosphere (Table 1). Al-
ihough the percentage of the earth’s total water found in each of the latter scurces is but a
small fraction of the total inventory. the absolute quantities are greart.

Table | Distribution of the World’s Estimated Water Supply

Surface Area Water Volume
Supply . o % of Total Warer
{square miles) (cubic miles)”

Surface water

Freshwarer lakes 330 000 30 00O 0. 0090
Saline lakes and inland seas 270 000 25 000 0. 0080
Average in stream channels 300 0. 0001

Subsurface water

Vadose water (soil moisture and

intermediate zone water) 16000 . 005

Groundwater within one-half 50 000 000
mile of surface 1 000 000 0, 31¢
Groundwater (deep-lying) 1 000 000 0 310
Total liquid water in land areas 50 600 000 .| 2070 000 0. 642
Ice caps and glaciers 8 900 000 7 000 000 2. 150
Atmosphere 187 000 000 3 100 0. 001
World ocean 138 500 000 317 004 000 97. 200
Torals (rounded) 326 000 000 108. 000

SOURCE: U. S. Geological Survey
# A cuhic mile of water equals 1. 1 trillion gallons,

Water is continually on the move ; there is a constant interchange of water between the
various sources. This unending circulation of the earth’s water is known as the hydrolegic,
or water ,cycle (Figure). It is a gigantic system, powered by energy {rom the sun,operating
in and on the land and oceans and in the atmosphere. Water from the surface of the oceans
is evaporated into the atmosphere by the energy provided from the sun. Winds transport
the moisture-laden air to different locations where it condenses to form clouds and eventu-
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adly falls to it:c ~urface as precipitation. The precipitation which falls into the ocean has
«mided 1= eyele and is ready 1o begin another. The water which falls on the continents how-
-ver. must still make its way back to the ocean.

What happeus to precipitation once it has fallen on the land? A portion of the water
s0aks into the ground. some of it moving downward. then laterally. finally seeping inte
‘akes. streams. or oooectly into the ccean. When the rate of rainfall is greater than the
carth’ ahility to absorb it. the additionai water flows over the surface into lakes and
streams. Much of the water which soaks in Gnifiltration) or runs off (runcff) eventually
finds its way back to the atmosphere. Evaperation from the soil, {zkes, and streams is con-
unuous. Also, some of the water which infiltrates the ground surface is absorbed by
plants. which then release 1t into atmosphere. This process is called ranspirarion. When
precipitation falls at high elevations or high Jatitudes. the water may not immediately socak
. run off , or evaporate. Instead it may become part of a snowfield or a glacier. Although
the water can he tied up in this fashion for many years. it will eventually melt and continue
its path to the sea. A diagram of the earth’s water balance, a yuantitative view of the hy-
drelogic cyele. is shown in the Figure.

The hydrelogic cycle represents the continuons movement of water from the oceans o
the atmosphere, [rom the atmosphere to the land, and from the land back to the sea. The
wearing down of the carth’ land surlace is primarily attributable 1o the last of the steps in
this cycle
(From Eurth Sotence. 1976, ppd%  19)

lrm’smta.l water evaporaied
PRECIPT ATION".....' scsencer Mrsessuetennnnnae

60000km* 320 000km?
EVAFORATION A
96 000k m ¥ + FPRECIFITATION
:
EVAPORATION

284000k m?

Figure The earth’s warter balance. About 320 000 cubic kilometers (80 000 cubic miles) of
water are evaporated each year {rom the oceans,while evaporation from the land Gneluding lakes
and streams) coninibutes 60 000 cubic kilometers €15 000 cubic miles) of water. Of this total
af 380 000 cubie kilometers {§3 000 cubic miles} of warer, about 284 000 cubic kilometers
{71 000 cubic miles)fail back to the ceean. and the remaining 96 000 cubic kilometers (24 0C0
cubic miles ) fall on the earth’ land surface. Sinec 60 000 cubic kilometers (15 000 cubic
miles) of water evaporate from the land, 36 000 cubic kilometers (9 000 cubic miles) of water

remuun to erode the land during the journey bark to the oceans.
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New Words and Expressions

1. hydrologic eyele 2K (30 JEEF 12, happen o 4

2. immense [1'mens_ a. ELXHY: TEM 13. soak inte B

3 vast [vest] a, A KH: Tl kR 14. seepinto B () Al

4 bulk [balkl n. B8 (B AFH i soskm By BA

5. icecap 'ais'keep_ n. KB K 16, mhltration {infil'treifon] n. & A

6. account for 0¥ (B B B, E-#EE 17. infiltrate Dinfilteese T vt (0 A & &

\/ inventory ['invantri_ n. ¥ G @8 &

8 interchange Linta (3 fends] v.» n. &8 18, transpiration [transpi'reifon | n. ¥ i ¢ ff:
P M

9. unending [an'endin] a. TAHY: & THr 19. elevation [eli'veifon] n. @éks M &
i3] 274

10. gigantic [dzai'gentik] a. HXH 20, snowfield ['snau'fild] n. FIE

11, moisture ['maistfo] n. | K4 BE: ¥ 21, tiedup () H§E. HHE
iz 23, fashion [Mefan] n. H s AR WA

Notes to the Text

1. Although the percentage of the earth’s total water {found in each of the latter sources 1s
but a small fractior: of the total inveniory, the absolute quantities are great. /ZE kL
FRK R AR OK BT S T4 AR R E KRN S, BERAMKEMEE K
i
HH “found--sources” H ~LEATEE, 1 “the earth’s wral water” A E 18
but T3 B EFEE, fE“ A", H M latter sources 2 HEHTA) F 8 “lakes . streams,
subsurface water £l the atmasphere”,

2. The wearing down of the earth’ land surface is primarily attributable to the last of the
steps in this cycle. MFKIFHBEAERFEE RS TRHK BTSN & BB RE
(R #) 1R RE.
firb “wearing down” & “HEEHA. Rf” MEE: “is attributable o7 X -WH &R
SEAE -7 8 e JTE ERAD BRATs last” EXEE RS 8.

Translation Guide

K By FigE (D

EEE KA I . B ER, BRNEEE —GRE. BITEREE
R A ) THE B ROz B AR TR, BRI AT AR RATEATE &
2t T Al R R A L R B AR LA T AR E B TR R] T i R 4
CEBERIE) . FFURABRIIRG GEALE. FiEmr s, wA bR g E R
M EER R SRR S, EEERERANEEXHFATEENAT. AMENS%
B ATE ST s, 3 AT B B AN A L KR B 2 Bl A AL S Ak
i) AR R SRR L R AR N T BB R EE K - FE . TR
EME R BRAETN R FIEIRE,
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1. ERaSAN—RERER &

(1) BFELR, EEEREN, BETLAREREHEAHGE L RS T8
EERS— LIERIFE,

(2) A, BXAEFRELAERESGE, MEAmEREER RS &
ERAVIEGEREAE S,

(3) ST EPFEF RS, SFEFFREETAOMERRER MRS, S
Hra gy ahin. 5E E M iEE .

(@ s R Ey BN S . WEAE, AEREERTRS. BEE
TIEEHH MR R ST RS FHEER,

(5) BEDNAPERNSZAHHEERE, JHERRURNTIEEEXETER
ER, $EEATHEEARE. 4RSS RIL.

6 BTN CRBMERSTHES LT AR T LR ERERERS, &
o F ik S MER .

n. KRS8THEE

L. bR A R B DAY S AT O AR

1) A comparison of the map indicating the centers of major earthquakes with the one

showiny the location of the world’s active volcanoes demonstrates some of the sim-
ilarities in their distribution.

L

(1) XA AEE FEMR S FiF R comparison, 1E#H & demonstrates,

(2) " R R 158 A8 I8 . MR EiEE A, BIE1E comparison HF - A-i4]
FEiE “of -earthquakes” #1 “with-volcances”, G AEEXGHAH T HTE T
 “indicating**” 1 “showing'="), T HEEBEEH —TMiAHHE ( “of major earth-
quakes” F “of the world’s active volcanoes™). RiE#H— D R HEERE.

(3) ‘a2 A one (LT 4 it 49 417 map.

Eﬁ:

A comparison demonstrates some of the similarities

]
g niF in their distribution

of the map
ers

indicating the cen
of major ear thquakes

_—

with the one (map)

showing the locat icn

of the world’s active volcanoes

S —
B3
EEEIEEPHHESERER CF ORI, SEATLE S T8
AR,
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2} Tudiseer cvirlence of the existence of life in the Precambrian is furnished by huge
volume~ 5f caleareous materials in ancient limestones and marbles, of carbon in graphite
deposits. and of enormous precambrian sedimentary iron ore deposits.

i

(1) XARBE W EE K evidence, FiFH is furnished, Ea] N -FFhiBHEH,

(2) P EEaL s . 1% evidence # - EHZAHEIF huge volumes FHRE = TFHF4

1 8 1B RN “of calcarecuss-marbles”, “of carbons+deposits™ Hl “of enormous++de-
posits™.

(3) “huge volumes™ 4 “k8” 28, HEELE®, TEESZHHPAAEE—

'EN.

% -

Fadirect evidence is furnished

by kuge volumes

of calcareous materials

of the existence

of life i ancient limestoees and marbles

| —E—

1n the Precambrian of carbon

in graphite deposits

of enarmous Precambr ian sedimentary
S U —

iron ore  deposits
—

B
ARG HRIEE TR REARRYR, GRTETRARAS. UREXBAMER
TSI, BT ATIRR A 7 7R A A T BHIE SR .

Exercises

1. Questions for review:
13 What ix hydrologic cycle?
2) How de the vapours result in droplet growth?
3) What is hydrogeology concerned primarily with?
4) Why is hydrogeology also a branch of hydrology in the broad sense?
5) What subjects are essential for hydrogeclogical studies?why?

2. Give the Chinese/English equivalents for the following:

the hydrologic eyele ’ 7R
the ground water tabie EHRAFH
the surface runoff #HEER
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municipal water supply FEFER
geotechnic constructions 7K HE
3. Write one complete sentence in English for each term listed below
evaporation precipitation hydrology
condensation transpiration hydrogeology

4. Translating the following passage into Chinese:

Water resources are divisible into two distinct categories the surface water re-

soures and the ground water resources. Al though the water resources of the earth are

abundan. resources of usable quality of water are limited. About 97 percent of the

available water rescurces (1. 25X 10'*'m*) is contaied in the oceans. The total quantity

of fresh water is estimated at about 4. 1X 10"m® which is distributed as follows: 75
percent in polar ice and glaciers, 14 percent in ground water between depth of 800 and
4000m and 11 percent at depths of less than 800m, 0. 3 percent in lakes, 0.6 percent
as soil moisture, . 035 percent in atmosphere, and 0. 03 percent in rivers. Water con-
taind in these bodies is transient to a varying degree; the residence time in oceans and
seas is about 4000 years, in the subsur face it may vary from less than a day to thou
sands of years. The ground water rescurces are distributed unevenly in various geolog-
ical formations, both in space and time.

Translate the foliowing sentences into English;

1y BRI RN, KSR ART, B--BAKEIIEH.

2) AU ET L B R F e Tk kK I

3) KT GBS, ATE. WM. HRE. KREERENEX.

4 KEMHREBRT LB RN,

5) KT TR E L AT S AT BT B Rl m A Rk AT

L4

Reading Material
Hydrology and Hydrogeology

Hydrology is the science which deals with the aceurrence, distribution and disposal of wa-
ter on the planet earth; it is the science which deals with the various phases of the hydro
logic cycle.

Hydrologic cycle is the water transfer cycle which occurs continuously in nature; the
three important phases of the hydrologic cycle are: (a) Evaporation and evapotranspiration
(b) precipitation and (¢c)tunoff. The globe has one-third land and two-thirds ocean. Evapo-
ration from the surfaces of ponds, lakes, reservoirs, ocean surface. etc. and transpiration
from surface vegetation.i. e. from plant leaves of cropped land and forests . etc. take place.
These vapours rise to the sky and are condensed at higher altitudes by condensation nuclel
and form clouds, resulting in droplet growth. The clouds melt and sometimes bursrt result-

ing in precipitation of different forms like raiz, snow. hail, sleet, mist, dew and frost
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A part of this precipitation flows over the land calied runoff and a part infilters 1nto the
soil which builds up the ground water table. The surface runoff joins the streams and the
water is siored in reservoirs. A partion of surface runoff and ground water flows back 1o o-
cean. Again evaporation starts from the surfaces of lakes, reservoirs and ocean and the cv-
cle repeats. Of these three phases of the hydrologic cycle ,namely ,evaporation, precipitation
and runoff, it is the *runoff phase’ which is important to a civil engineer since he is con-
cerned with the storage of surface runoff in tanks and reservoirs for the purposes of irriga-
tion, municipal water supply and hydroelectric power etc.

Hydrogeology is concerned primarily with the mode of occurrence, distribution . move-
ment and chemistry of water occurring in the subsurface in relation to the geological envi-
ronment. With an increase in the emphasis on hydrology, the subject passes into the reaim
of geohydrology. The distinction is. however, arbitrary, Usuaily, the study of one cannot
be divorced from the study of the other, in order to understand the interrelationships be-
tween the geologic and hydrologic environments.

Hydrogeology is one of the Earth sciences. Studies develop from & basis of an analysis
of the history of the formation of the Earth's crust, the outermost 30km (approximately)
zone of the Farth. because it is impossible to understand the history of water in the Earth
without considering the rock svrrounding it and with which it was originally formed {from
the earliest times in Earth history. Hydregeology is alsc a branch of hydrology in the broad
sense, because it is an inseparable part of a study of the whole of the Earth’s hydrosphere
(water above the ground),

Hydrogeology finds application in identifying the source points for ground water sup-
plies and in the estimation of ground water reserves, mineral prospecting and mining , tack-
ling problems relared to pollutionisevaluation of sites for geotechnic constractions, etc. con-
cerning geclogists, geophysicists, hydrologists, engineers engaged in drilling, irrigation,
public health and civil engineering . agronomists and environmental scientists, legal profes-
sionals, and planrers. An understanding of the hydrogeclogical set-up of an area is essen-
tial for proper management of water resources and protection of the environment from
degradation. A knowledge of the basic principles of geology . particularly stratigraphy , pet-
rography and structural geology ;s geomorphology ,hydrology .physics ,chemistry and mathe-
matics is essential for hydrogeological studies. Because hydrogeology encompasses several
disciplines, an interdisciplinary approach is often the best course for the achievement of
satisfactory results from investigations.

(From Hydrology, pll and Hydrogeology, pp 1—3)
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[N

I - S ST

. hydrologic cycle

. civil engineer

New Words and Expressions

. hydrolegy [hai'draladsi] n. K X2

. hydrogeology { "haidraudzi'oledzi] n. 7K L ¥ %
. occurrence Ta'karans] n. &y AR PR

. disposal _dis'pauzel] n. Q0¥ ; BE

. phase [feiz_ n. WrBr, i

AKXy BF

. evapotranspiration _i,vapa rrenspi'reifan | n. #

RER (FHD

. precipitation [prisipiteifau] n. WK (B)s B

B OBy, EE

. runoff C'ranaif] nEH

. transpiration [ trenspireifan] n. M (4E

Jii gl

. vondense Tken'dens] v. ¥%¢, %
. condensanion [ konden'seifon_ n. B#ER : B

%= (R

3. nuclel ['njwklai] n. % (B ¥ nacleus)
. droplet [droplit” n. /b CK) ¥, i
. burst Uhast] v. 48t %

. hail [heil] n. 8 KE

. sleer [slin] n. @ i (3 %K

. mist [mist] n. B, #E

. dew [dju® n. & (KD

, frost [frost] n. #8; §%

. infilter ['infilta’ v. # A (into)

. flow back to  HlFEIF

. namely ['neimli] ad. Bi; B3R, FHE

kA LEIF
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8.
29.

30,
31.

-

oo

32
. gechydrology [,dzizsuhai'droladsi]) n. 7 3 # f

34,
35.
34.
37.

o

38.
39,
40.

41.
12.

=

43,
44,

. storage ['storidz] o B8 AR
- tank [tegk | n K
. municipal {mju () 'nisipal] a. WITE: ATE

5]

hydroelectric power A HL3;

emphases [emfasiz ] n. 18 ; 09, (R em-
phasis}

pass inte AEE WA HEA

arbitrary 'wbitrari] a. M LS KE
5}

realm [relm] n. 4%, #WE

¥

divorce [ditvas] vt. () &
interrelationship n. HBEXE (BKH)

in the broad sense WM™ X FiE

inseparable [in'separabl 1 a. R[4 BT (&) #1,
GRFE

tackle ['tekl] v. B 48

geotechnic [d3iou'teknik] a. + T3 AH
agronomist [ a'gronamist ] n. Al EF REH,
BRI

set-up C'setapl it ®@l: HE; S&EFE
degradation [degra'deifen] n. B4 - &
%

encompass [in'kampas] v. 28 2 268
interdisciplinary [inta'disiplinari] a. (&) ¥
SN [:]



Lesson Fourteen

Text

Subsurface Water

Water existing in the liquid,solid or gaseous state in the rocks of the earth is called subsur
face water, Subsurface water can be divided into ground water or phreatic water, vadose
water and internal water. Ground water occurs in the zone of saturation in which all inter-
connected voids are filled with water that is under hydrostatic pressure. Between the upper
surface of this zone of saturation, called the water table , and the ground surface is the zone
of aeration, containing vadose water which includes water held in interstices of capillary di.
mensions., water percolating from the surface to the zone of saturation, and water in the
form of vapour occupying voids.

According to origin and source. subsurface water can be classified as connate water if
the water occurring in a rock formation was entrapped during the deposition of the rock
(as in some marine sediments), metecric water if it was derived from atmospheric precipi-
tation, and as juvenile water if it was derived from the interior of the earth.

Zone of Aeration; The form and configuration of the zone of aeration is largely con-
trolled by topography ., geology climate, drainage, and vagetation, all of which control the
position of the water table. The zone of aeration is thick in topographic highs, highly per-
meable farmagions, arid climates and dreinage divides. Water-bearing and water-yielding
characteristics in the zone of acraticn, control in a large measure the percolation of water
to the zone of saturation. The zone of aevation may range from zero in the outcrop areas of
water table 1o over hundred meters in arid climates in the upland regions underlain by
highly permeable formations.

Water in the zone of aeration is held against gravity most of the time, in capillary in-
terstices and in thin films over surfaces of the grains due to strong molecular attraction of
the solid particles at the solid fliguid interface. Tt is called peilicular water. When the soil
is saturated and recharge occurs, the interstices may be filled with water to saturation ca-
pacity and may revert to retention capacity after complete drainage. Water moving under
gravity through larger interstices may reach the water table faster than water moving
through smalier interstices. Thus, the moisture content may differ at different places with-
i the zone of aeration. The zone of aeration may be divided into {1} belt of soil water
(2) intermediate belt and (3) capillary fringe.

Zone of Saturation; Although the lower part of the capillary fringe (overlying the wa-
ter table) . specially in materials rontaining minute interstices , is saturated, this part of the
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capillary fringe is not included in the zone of saturation as the water in it is under less than
atmospheric pressure and is not yielded freely to welis, Except for cil-bearing and gasbear-
ing rocks, intercomunicating interstices in the phreatic zone are filled with water under hy-
drostatic pressure. The width of the zone may be small in areas underlain by massive rocks
with shallow fractures and weathered layers to thousands of metres in areas underlain by
thick sequence of sedimentary rocks.

There may be two or more zones of saturation in some areas, Where there is a layer of
impermeable rock in the zone of aeration, downward movement of water may be retarded.,
resulting in saturation of the interstices and formation of perched aquifer above the imper-
meable layer, Where one or more perched aquifers are found, the water table below the
lowermost zone 1s called the main water table.

The water table is a discontinuous surface in {issured consolidated rocks, in which
large unsaturated blocks of rock may separate water-saturated fissures. A water table may
be absent altogether where an impermeable rock overlies permeable saturated rock. In
limestone caverns and other large interstices, the water tabie may be virtuaily an open wa-
rer surface.

The position of the water table depends on the topography, geological structure, areas
of recharge and discharge of ground water, the permeability characteristics of underlying
rocks and ground water withdrawals. The water table in many places is a subdued replica
of the land surface., The water table tends to be more uniform in flat terrain and rocks of
high permeability. It is generally deeper in uplands and shallower in vailey bottoms. The
water table is locally deep in areas of heavy ground water extraction.

The zone of saturation consists of rocks of different water-bearing and water-yielding
properties. A rock formation. sequence of formations or part of a formation which yields
appreciable quantities of water to wells and springs is called an aquifer. A semipermeable
layer that yields water slowly in comparison to an adjoining aquifer is called an aquitard. A
relatively impermeable layer. the yield of which is insignificant in comparison to an adjoin-
ing aquifer , is czlled 2n aquiclude. These terms are only relative. In contrast to the above,
a rock that does not store any water is an aquifuge. Saturated formations consisting of one
or more aquifers, together with the associated layers, comprise a ground water reservoir.
A ground water reservoir may consist of a variety of rock types ranging from fissured to
granular varieties
(From Hydrogeology, pptd—28)

New Words and Expressions

1. phreatic [fu'etik] a. ki i 4. interconnect ['inta (1) ka'nekt] vi. fEHEEKE;
~ water K T
vadose ['veidaus_ n. B void Evoid] n. EBRs FLBE

~ water Bl K | 6. hydrostatic [Jhaidrau’staetik] a. ME7KAY: FiA
3. sawuration [setfa'refan] n. AU ‘ wh E
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@R A9 AR

7. aeration ( eia'reifan! n.
o

== A

% Interstice in'tastis, n. ARG [EER

T ZONE

4 capllary (ka'plari? n. . 2. EHE: £40EH

i
10, percolate [‘pakalent” v.

) BE

1. connare | koneit) a. E]8: B X0

- warer ﬁi?f{

12. entrap Lim'ireepl vt B BRI

15, meteoric D ymetisrik. o, KA T82M
~ warer K

14 juvenile [dmuvineill . #1480 ¥Em
~ water ¥ K

15. configuration [ kanfigiu'reifan n. fH M,

{ife; #MA
16. drainage ['dzeind3] n. HiK: #K

~ dwvide  4r K
17, water-vielding 257Ky, JEAH
18. in & large measure  JEIF

19. percolanon [ pakalleifan] n. %%, BR
20. upland ['apiand] n. &k

21, molecalar [moau'lekjula] a. 4rF#

22. interface ['intofews; n, 2FME

23. pellicular [po'likjula’ a. MEREEY
T

24. recharge ['rinfa:d3] v. Ff: E#

~~ water

|

)

30,

31.

32.
34,

35.

36.
37,
38.
39.
. aquifuge ['ekwifju:dz] n. FEKE
41.
42.
43.
14,

3
26.
27.
28.
29.

reveri o E‘IE

retention [ri'tenfon’ n. R M W
KB BoSE
B

intercomunicate [ inta (:) ka'mju:nikeit ] vi. &
e WEEE, HEBE

impermeable [im'pamjobl] a. FEBEY: TE
K

retard [rilted] vio 23R fEESHE, MR 8
=

perched aquifer WAKZ (WE&KE)
fissured [fifad] a. EBEHH

discharge [distfo:dz] v. . n. HEft: S8 #
KE

withdrawal [wid'draal] n. fl1sK (8> #ik
8%

subdued [sab'djwd] a. FZH; H4LerT
terrain T'terein] o, MU Mulk, MR
extraction [iks'trakfan] n. #idH: B
appreciable [a'pri:fiabl] a. ¥ {5 M

moisture content

capallary fringe

aquifer ['wkwifa] n. SHXE

granular ['greenjula] a. $RCRET, ko f
aguiclude ['®kwiklud] n. FKE
aguitard ['ekwitad] n. FHEKE

Notes to the Text

1. The zone of aeration may range from zero in the outcrop areas of water table to over
hundred meters in arid climates in the upland regions underlain by highly permeable
formations. WS JEE) HBLEER , EFKTELR R0, ASETREL THE
HEB AR A I AR A E R L,

] “range frometo” BH B LTEM - F++"; under lain by~ FRY-. £
7 F 53 EIEE “upland regions” MG BEIE.

2. Water in the zone of aeration is held against gravity most of the time, in capillary inter-

stices and in thin films over surfaces of the grains due to strong molecular attraction of
the solid particles at the solid Mliquid interface. gy F 75 B & S 4 (] 1 L B Ak BB 05
A TR G HE AT SR e A K e A SEMRE T 2 M T DR R A TL B P R T A

R g,
is held in - EEFE -

(GLE); i against fE “%H, TE" &, ZEARN "%

R X — e EEA R due o AIAEE E4A. F BT B,
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Translation Guide

Kooy AF Rk (F)

2. EMES TSGR R FRIE, ERITAE

1 The rocks beneath are folded or tilted . they may be metamorphased and intruded by
lava; they contain different fossils; they do not conferm or fit in with the younger
rocrks resting on them: their surface is weathered and eroded.

i

(D) XE AHAEEE, RETTTOER, s 5aTT.

2) %—;%Uﬁ’l\ﬁ.}"ﬂdﬂy fir with ZEAEE, 9 conform 3L/ with, with REEE it

i or fit in (with) B - - A MR EIEHN M TD . REREFNL, T FEgFE,

(3) N RTER, o a/pi EEAOA AL —FN,

wE. :

T HECHEN,: OREETR, BPEaERA: FETRRMLE: 58

FEETEE: F—TRLHMEE.

2) They {(the folds) are known as anticlines or upfolds. when the beds are bent upward
as in an arch; as synclines or downfolds . when the beds sink inte a trough; as mono-
clines when the fold has only a single slope. joining the ground raised from its con-
tinuation on a lower Ielvel; as isoclines when the folds have been so pressed together
that the summits have been forced over so that both sides of the fold slepe in the
same direction.

ﬁﬁ:

(O AEYEBAHFFIEENETVES. RS- TE4TEHE- - h when FHiw

FBRE .

@) FFE2AHEevu)bd £, 51 RHEH as ZATHEE T EHMEE  “they are

known”).
(1) BREHAE & e, BESFHESEE M EAEN S l——F
.

>

YRR S EHEN. TN GBS ARV EHARERY; SEETEWE
MAER, SO RLEEES, YHEEEHT-THE. THETMHBL S AERSME
JEZE bR EARE . sCORE B ML A — RS E, B 10 TR ER s B
., ETREAELIR- raE e, ol ERE%.

3} The historical geologist will tell you approximately when the first forms of life de-
veloped , what kinds of plants and animals lived during each peried ., and when man
may have made his appearance on the earth.

ﬁﬁ:

1y i THE P TRERMERE 5. £ T8 Fi5 8 The historical geologist,
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L4

iHiER will tell,
2y = HFINMHEFENT S BIUEKH “when, what 1 when” Fiti, W& HES5
. B EHEE and EEAECTZHHES ST

(3) APy approximately 4 EHHIBIE, FREM when 5128 .

(4) “and” FEAFH. EEAPRPL, EERFAREAR TR L.

i%i!

W R L REMETIR: BRWHERABREE T AREARLN . S EHE A

g, AT HARRRR R BT AR,

4) Since one of the critical differences between minerals and rocks is that minerals are
approximately homogeneous substances ,and most rocks are not,this means that one
piece of quartz will be about as hard as another piece,that it will have the same spe-
cific gravity . and if formed in a similar environment. it will have about the same
crystal form.

5?*)? H

(L) KB TRERHENE G, EHMHEEE his, §ER means, #— - BRER

B ( “sincerenot,”) M= HPIMPEFENA, BHEKA “that--piece™. “rhat
gravity” il “and if+form”,

Y RERFENAI T 06, FEETFPIREMND, BI “thate-substances™

“and mostenot”,

(3) BEZANEIEMA U —4 F R EB NG “if-enviconment” . HH7E i # formed &
(RIS T it s,

ﬁt:

HTP YRS EH— T EERSIETI AL FHRNY R, i 08 A NAE .
WX EHE, SROEMEEXEMEMA. LERA, 1HENERERE A5 R
&, ToHEXBHENRE.

5) In many such ranges, complex masses made up of cherty sedimentary rocks, peri-
dotite, serpentinite, and tholefitic pillow lavas——an assemblage precisely like the
mater ials dredged from the Mid-Atlantic Ridge and exposed on St. Paals
Rocks——are all jumbled together as though stirred in a giant mixing bowl, to
form a melange.

i i

(1 ZR-HHEAGEAEMERENE &6, UM EELR masses, §iBR are
jumbled. ZFHMBBRE. X HGREDT EBSE G BMNIE. HTEE “made up of -
lavas” 3} masses B E 5 » W T-BT 5 N4 masses i) [ {3115 assemblage . T “like the materi-
als” B —iF4E 5 assemblage MG B EiE. “dredged from---Ridge” #l “exposed on-+
Rocks” B4 1740 7 8 R i materials #1J5 B2 1.

(2) as though 5| B HARE M FI GRS T they had been,

(3 “to form a melange” TERNEFHEHMUKIE, ML THFEE.

EL
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TEPF A S, S E IR, WS . WEUE MR REE R R R AR S
¥ -EEENE RANKEEPRRLTREEIRF FARN—-EWR, Y EEH
FRE AR N B R, 2BRNE R, M RREE.

3. KROMEE

BPE AT, EAEBNESTHPONE, FETTHLESMER. BEINzHFE
HatemiBEr s, FNEFIEELRA. BiE. WNOMNIIIERMTRER, SERE
WIBMFESR, THEFHTH, FELHEFRUMEMER, RETHEE - BH=
P RINAERE . W PRET Rk BT

D Wi - BRI L RRIEE i

How these 1wo things cnergy and matter behave, how they interact one with the oth-
er. and how people control them to serve themselves make up the substance of two basic
physical sciences, physics and chemistry.

BFMYERAFEAROFARER, SNmTALZEE. AfIHTEREiIEzRE2
PR g5, XME e SN R B AR WA R R EANE,

In fact, the generally accepted theory now is that the production of rain depends upon
the presence of dust particles in the air. which serve as nuclei about which the drops may
form.

iy b, GWEEANAERRE. WHEBRESTESSPRENTE, B EREE
Fhhts. EREREHME LR,

7y WiRE— WERCHRER, BT EAFEER

The method normally employed for free electrons 1o be produced in electron tubes is
thermionic emission, in which advantage is taken of the fact that, if a solid body is heated
sufficiently, some of the eleetrons that it contains will escape from its surface into the sur-
rounding space.

R AE R s T MR FRAE BB EE CRAIFEERET £,
PRI ] A LA GE R R TR R R R B T

3 ARE—ESENASEEARES N AT TREERRETE

Many sedimentary rocks contain such features as ripple marks, exactly like those we
can see forming 1 sediments at the bottom of present-day lakes or shallow seas.

FATA AR AEHMERBETHERE PR T R A REEESH AL
FRUEIRE A RRAL -

Coal of the highest rank , called anthracite, oceurs in certain localities where unusually
high pressure due to deep burial and subsequent earth movements, combined with a moder-
ate increase of temperature. has facilitated the driving-off of nearly E‘l].; the volatile con-
srituents.

B s R TR L 4 AR MK B ER TR R L R E R s
AN B R T S ML T R R B A A R LR TR AR R R R
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Exercises

1. Questions for review .

1) Wiat is water table?

23 What is the distinction between the zone of aeration and the zone of saturaiion?

3} Why can water in the zone of aeration be held in capillary interstices?

43 How were the perched aquifers formed?

5) What does the position of the water tahle depend on?

8) Where can we find the saturated zone?

2. Choose the correct term given in brackets to complete each starement ;
1) A rock that does not stcre any water is
a. an aquifuge b. an aguifer c. a perched aquifer
2) Water that was derived from atmospheric precipitaticn is
a. the connate water b. meteoric water ¢. juvenile water
3) Water existing in the zone of saturation is called as
a. the vadose water b. internal water c¢. the phreatic water
4} The amount of open space in a material is often referred to as
a. the porosity b. the permeability ¢, the density
5) The pellicular water is held in
a. capiliary interstices b. interstices in the phreatic zone c¢. a+b
3. Write one complete sentence in English for each term listed below .
sabsurface water soil water vadose water

surface water ground water internal water
4. Translating the follwing passage into Chinese,

Many peopie depend on finding the water table as a source of water. Just how far
down would you have to go to get to the water table?Generally . the water table roughly
follows the slope of the region. The depth of the water table rises and falls depending
on many factors. Heavy rains or melting snows make the water table rise. It may risc
to the surface, completely filling the zone of aeration with water, Any further rain can-
not seep into the ground. Water then builds up on the surface causing standing water or
flooding. Dry spells, and heavy pumping of water from wells cause the water rable to
drop. Seepage into streams and lakes, and the amount of plant growth on the surface
can also affect the level of the water table.

Translate the following sentences into English:
1 BTFRASBEK. BRANEEK.
2 MEHRNTE T ERHE ., SR, KA .
3) AKEXILBRATIE KE gL MLBREEREE,
4) KA B A B KA A B 2 A 4

o
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5y MEMNLEEREIFSERESIEN . XEREGATHEREE. THNAIH
EFAMENETHEAS®%E.
6) MENEESIRTE A E, BRI, HRRALEA BT .

Reading Material
How Water Enters the Earth

Right after a rainstorm, the ground and streets are drenched with water. Yet in a few
hours, both may be dry. Where did the water go?Read this section to find out.

Infiltration: When you spill a drink at the beach, it sceps right into the sand. Afrer
a storm, rain water, too can seep into the ground. The seepage of precipitation into the
earth 1s called infiltration.

Infiltration is possible because the earth’s surface is not completely solid. Much of the
earth’s surface is made of loose particles of rock and soil. Between these particles are empty
spaces called pores, Pores are usually filled with air. Water infiltrates the earth’s surface
by cntering these pores and forcing the air out.

Porosity and Permeability; The amount of water that can infiltrate the ground depends
on two factors. First it depends on how much space is available for rain to seep into. Sec-
ond. :t depends on how easily the water can enter and flow through the material.

Porosity is the amount of open space in a material. The porosity of a material is ex-
pressed as a percent of its total volame. Suppose that half the volume of a sample of rock
is open space. Then that sample has a porosity of 50%. Earth materials differ greatly in
their porosity. Loose rock particles, or sediments like sand, gravel , and clay have the high-
est porosity. But even rocks that appear solid have some empty spaces.

The porosity of a material is determined by a combination of many factors. These fac-
tors include the shape of its particles, how its particles are packed, and whether or not they
are sorted.

Permeability is the rate at which a fluid can move through a material. Gravel is said 10
be very permeable. Fluids can pass through gravel easily. On the other hand, shale is an
impermeable rock. That is, fluids cannot flow through shale. h

The permeability of a material depends on two factors. It depends on how large a
material’s pores are. It also depends on how interconnected the pores are. Small pores slow
the flow of water through a material. And if pores are not interconnected , water cannot get
from one pore to ancther. Water cannot pass through the material as a result.

It is useful to know the porosity and permeability of the ground. From its porosity,hy-
drologists can eatimate the extent of a region’s underground water supply, If its permeabili-
ty is known, they can determine how fast the rain water will seep into the ground. With
this information, hydrologists can make important predictions. They can predict how fast

and in what direction sewage water from septic tanks will flow. These predictions help en-
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gineers place septic tanks far from sources of fresh water. In this way. sources of drinking

water are protected from contamination.
(From Earth Scrence. 1988, pp161—163)

L o

. ruck particles

New Words and Expressions

. rainstorm 'reinstzm] n. B

. drench drenif] vt. fEi@i%&: HHKE

cospill Dspil] vo CfFED M B WL

. porosity [pa:'rosii] n. FLEHIE, fLELE

. permeability [,pamps'bilin] n. Bk (3);

K
AT

. pack [peek] v. HE®E; HH
. osort [sort] v, n AREEs HEs 2 B S

%

. on the other hand H—H M@

10.

11.
12.
13.
14.
15.
16.

17.

interconnect [Yinte 1 ke'nekr ] vi. {8 HAHIBE
R BEEHES

pass through  Zit, 23, @it

seep mnto ﬁ)\

prediction [pri'dikfan] n. WM TR WH
predier [pri‘dikt] v. Hiz: fiMW

sewage ['sjwid3} n. 1BK

septic ['septik] a. FLRBEIER

~ mnk {L¥EN

contamination [kon teemi'neifen] n. 5§
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Lesson Fifteen

Text
Types of Aquifers

Aquifers are classified as unconfined, confined and leaky. An aquifer. the upper surface of
which is defined by the water 1able,is called an unconfined , water table or phreatic aquifer.
The water table is in vertical contact with the atmosphere through the soil interstices. Rest
water level in a well of small diameter tapping an unconfined aquifer represents the posi-
tion of the water table at the point, A confined aquifer, also known as artesian or pressure
aquifer. is one which is separated from the atmosphere by a relatively impermeable confin-
ing rock which functicns as an aquifuge, aquiclude or aquitard. The water in a confined
aquifer exerts an upward hydrostatic pressure greater than the atmosphere on the overly-
ing impermeable strata, In a tightly cased well penetrating a confined aguifer, the water
level will rise above the top of the aquifer corresponding to the hydrostatic pressure head
of the water in the aguifer. The imaginary surface defining this pressure level of ground

sater tn the aquifer is termed the piezometric surface or piestic surface. When there are
several ayuifers, each aquifer has its own piezometric surface. Where the piezometric sur-
[ace lies above the ground surface, wells tapping the aquifer flow naturally.

An intermediate type of aquifer is the leaky aquifer or semiconfined aquifer, in which
the confiming layer is semipermeable (ayuitard). Ground water in a leaky aquifer moves
across semipermeable layers, depending on the differences in the pressure heads in the ma-
terials above and beiow and permeability characteristics of the aquitards.

Each artesian aquifer has a recharge or intake area, a conduit or transitional area, and
a discharge area. The dischareg area may correspond to an area of upward leakage of water
or downslope outcrop of the artesian aquifer. The distribution of hydrostatic head in an
artesian aquifer is controlled by the difference between the elevations at which confinement
of water begins in the recharge area and the discharge area. Local variations in the distribu-
tion of bead may occur due to several factors like geclogical structure, lithological charae-
tevisties s overburden pressure, recharge and discharge.

Artesian water is distributed in diverse and complex hydrogeological frameworks such
as synclinal troughs. enticlinal limbs, foredeeps. monoclines, fault troughs and tectonic
fracture zones. Artesien water may be siruck in formations irrespective of their geological
age, but more important occurrences are in stratiform aquifers of Pataeozoic and younger
ages, Important artesian aquilers comprise sedimentary formations , but veleanies alsc form
major artesian aquifers in some places, Localised artesian conditions are also found in crys-
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1al

line rocks.
I a given location there may be several aquifers with different degrees of confinement

and interconnection between them, which together form an aquifer system. Regionally ex-

tensive, impermeable or relatively impermeable formations restrict hydraulic interconnec

tion between different aquifer systems. As a result, each aquifer system may have distine-

tive hydrogeologic and hydrogecchemical characteristics. An aquifer system may encompass

a stratigraphic unit from a stage to a whole system.

(From Hvdrogeology. pp28- 30)

New Words and Expressions

i, confined aquifer AEZKE ~ area K
2. unconfined aquifer EEIEF KB 17. leakuge [Mizkidz] n. ¥%; Bk, #iuK
3. leaky aguifer MRS KE (FREFKE 18, elevation [eli'veifan. n. &¥: B®F: S,
t. phreatic aquifer #HK T KB e
5. rest warer level #1laK{E 19, confinement [‘konfainment ] n. % K.
5. artesien [a'tizjen] a. HEH | H; B
~ aquifer BHKEHKE: REFKE 20. overburden {'auva'ba:dn]n. %k, WEZ: &
7. function as  FR---BEH I KRB
8. pressure head [K3; RK3 R AL R ERKL 21, synclinal [sig'klainl] a, [ 46
9. imaginary [i'maed3inari_ a. BEK: HWH 22. trough {trof] n. #; W&, #HE
~ surface FMREAKH 23. anticlinal ['enti'kiaini] a. F#8
10. piezometric [ paioza'metrik] a. M (KA B ~ limb HWHERE
~ (piestic) surface MEM 24, foredeep ['fodip ] n. Byi¥: Hish#H: VhiE
11. tap [1ep] n, vi. B3k HEAKH; (FAH # 25. monocline ['monaklain] n. HLEHHE
Wik Bl (" FEAKI 26. fault rroughs MG
12. semiconfined aquifer E& K F 42 27. tectonic fracture zones WIS
13. semipermesable ['sermi'paimjabl] a. & &N 5 28. irrespective of BRI TER. S L
EX. 34 29. stratiform ['straetifom; n. 2%
14, intake [inteik] n. WA, EE M 30. hydraulic {haidralik] a. KAH: KILF
~ area ZKE, EEHHX 31, encompass [in'kampas] v. BE#, 8% 3.
15. conduit [sondit] n, K il HEKHE HH
16. transitional [treen'sizenl] a. 31 ER/Y
Notes to the Text
1. A confined aquifer, also known as artesian or pressure aquifer, is cne which is separated

from the atmosphere by a relatively impermeable confining rock which functions as an
aguifuge . aquiclude or aquitard. EKEFKZE, RWBHESKBHIENEKR, €=
BAEK (BR BERANERELEBRSKSOH.
Al also known as artesian or pressure aguifer, @A BT, ST B8 T itis: “which
functions as- " A E AN EMBTE K rock, “be known as-” EHARE “HEIF K- a8
RLUE' Sl
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2. in a given location there may be several aquifers with different degrees of confinement

and interconnection between them, which together form an aguifer system. 1ER b

K. IFEHEFIMERE, TESREEHF TRBENAERE, H A0 A Ee

AR, EfEEHRT -TEKERA.

¥ “which together -+ system.” ZEB M EESIENF, B ET P “several

aquifers” BYRRIDITEEE X E IFMTAR Y T H 7M.
Exercises

1. Questions for review:

1) What is an aquifer?

2) What is the distribution of hydrostatic head in an artesian aquifer controlled by?

3) Why may local variations in the distribution of pressure head occur?

43 Whart rocks may important artesian aquifers be struck in?

53 Do you know how to distinguish rhe unconfined aquifer, the confined aquifer and

the leaky aquifer?

2, Select the letter of the answer that best eompletes each of the following:

1 ____is also known as artesian aquifer.
(a) an unconfined aquifer (b) a leaky aquifer
{c) a confined aguifer d) (ay + b) + (>
2) Each artesian aquifer has
{a) a recharge area, (b) a transitional area

{c) and a discharge area dy a) + (b)) + )

1) More important artesian water often occurs in stratiform aquifers of

ages,
{a} Palaecznic. (b) Mesozoic
{¢) and Cenozoic @ (a) + (b)Y + (&>

1) Artesian water may be distributed in

(a) sedimentary formations {bY volcanics
(c) and crysialline rocks d) @y + b + (&
5} The weil from which water must be pumped to the surface is
{a) a artesian well (b) a nonflowing well
{¢) gusher @) ) + (b) + (@
3. Give the Chinese/English equivalents for the following:
aguiclude EAKE
piezometric surface LERESKE
pressure head LoEeE
hydrostatic head FhA X
artesian system HEAK R
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cone of depression FH K
mineral explorations la) BR R
anticlinal limbs BLE

4. Translate the following passage into Chinese;

When underground water reaches an impermeable layer or the water table, 11 may
continue to move through an aguifer. An aquifer is a layer of rock or sediment through
which water freely passes, Aquifers are usually layers of gravel, sand, sandstone, or
cracked limestone. In an aquifer, water can travel far from where it first entered the
ground as rainfall, Water can travel through an aquifer at different speeds. Its speed de-
pends on two factors. The first factor is the slope and permeability of the land. The sec-
ond factor is the supply of water.

5. Translate the following sentences into English;:
D MTAKERRESER T LRSS R ARPHK.
2 GrEABHEECHNER.
D BTEREKERHHR, KEEMHEX,
O EEREHKDERIIRENAESKE.
5) Bk, 45 KE RS H R K AR b2 S E .
6) KA SHELREEERR.
7y HURE L. BB PAKHEETESESS 90,
8 MRAEAFWEIHBTRKLEERTASETESHERYHE.

Reading Materials
(A) Wells and Springs

The most common device used by humans for removing groundwater s the well, an open-
ing bored into the zone of saturation. Wells serve as reservoirs inlo which groundwater
moves and from which it can be pumped to the surface. Digging for water dates back many
centuries and continues tc be an important method of obtaining water. Today in many parts
of the world, including the United States, water {rom wells irrigates more land than does
water from streams,

The level of the water table may fluctuate considerably during the course of a year.
dropping during dry scasons and rising following periods of rain. Therefore, 1o insure a
continucus supply of water, a well should penetrate many meters below the water table.
When water is pumped {from a well, it produces a depression in the water table, roughiy
conical in shape, known as a cone of depression. If pumping is heavy, the water table may
not only be lowered immediately around the well but may extend over a large area. Under
these circumstances, it can be said that the groundwater is literally being “mined”, for even
if pumping were t0 cease immediately s it could take hundreds of years for the groundwater
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1o be replenished. The following example illustrates this point.

Consider for vcxample, a location in the dry southwestern United States where annual
recharge 10 an aguifer is on the order of only two-tenths of an inch of water. In such areas
it is not uncommon to pump two feet or more of water per year for irrigation or other uses.
In this oversimplified example if the entire aguifer were pumped at that rate, yearly
pumpage would be cquivalent to 120 years’ recharge, and ten years of pumping would re-
move a 1200-year accumulation of water. New recharge during the pumping period would
be negligible. Mechanical problems and economic factors prevent complete dewatering of an
aquifer. but the example is valid in principle.

When the water table intersects the ground surface, springs result. There are many
circumstances which might create springs. In some places the main zone of saturation is
overlain by unsaturated material that contains an impervious layer, above which a local
zone of saturation may occur. I this perched water table intersects a hillside a spring or se-
ries of spring are found. Springs also accur when fractures or solution charneis (subter-
ranean channels created when soluble rock, such as limestone, is dissolved by
greundwater) intersect the surface.

(From Earth Science, 1576, pp. 68--69)

New Words and Expressions

1. pump [pampl v, v. E, BEH 0O W HhE U

2, date back B¥ F)D 12. oversimplify [‘ouvesimplifai] vt. i3 TH#ifk

3. fluctuate ['flakejueir, v. i&ah; 08 13. yearly pumpage SEHKE

4. dropping ['drapin] n. ¥ & T 14. equivalent to HF; WY TF

5. insute [in'Tua] vt. #---fRE: FiE (-8 15, dewatering [di'watorin] n. 1K, HK
s Ry B IE 16. valid [velid] a. HEHY: SR\

fi. depression [di'prefsn] n. [U1HE 17. intersect [inta'sekt] v. ##): B&; £¥; €

7. conical [Mkonikall a. H&EEH 4

8. cone of depression  LEGHE: T REdR 4 18, be overlain by %

5. mined [maind] v. FF3% 16, impervious [im'pavies ] a. TN 5%

10, cease [sis] v. {81b; #H o]

11, replenish Lri'plenif] vt. (F§) B (3 ik 20, hillside [thil'said” n. W8, i

(B> Artesian Wells, Hot Springs and Geysers

Artesian Wells: The term artesian is applied to any situation in which groundwater rises in

a well above the level where it was initially encountered. For such a situation te occur, two

conditions must exist; {1 Water must be confined to an aquifer that is inclined so that one

end is exposed at the surface, where it 2an receive water; and (2) Impermeable layers . both

above and below the aquifer, must be present to prevent the water from escaping. When

such a layer is tapped, the pressure created by the weight of the water above will cause the
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water 1o rise. 1f there were no friction the water in the well would rise to the level of the
water at the top of the aquifer. However friction reduces the height of this pressure sur-
face. The greater the distance from the recharge area (area where water enters the inclined
aquifer), the greater the friction and the less the rise of water. In Figure Well 1 is a non-
flowing artesian well because at this location the pressure surface is below ground level,
when the pressure surface is above the ground and & wall is drilled into the aquifer (Well 2.
Figure}, a flowing artesian well is created.

Artesian systems act as conduits, transmitting water from remote areas of recharge
great distances to the points of discharge. In this manner water which fell in central Wis-
consin years ago is now taken from the ground and used by commurities many miles dis-
tant, in Illinois. In south Dakora such a system has brought water from the Black Hills in
the west, eastward across the state. On a different scale,city water systems may be consid-
ered examples of man-made artesian systems. The water tower, into which water is
pumped, may be considered the area of recharge, the pipes the confined aguifer, and the
faucets in homes the flowing artesian wells.

Hot Springs: By definition, the water in hot springs is 6—8° C {10—15°F) warmer
than the mean annual air temperature for the localities where they occur. En the Unired
States alone. there are well aver 1000 such springs.

Mineral explorations over the world have shown that temperatures in deep mines and
0il wells usually rise with 2n increase in depth below the surface. Temperatures in such sit-
uations increase an average of about 0. 6 C per 30 meters (1F per 100 feet). Therefore
when groundwater circulates at great depths, it becomes heated, and if it rises to the sur
face ,the water emerges as a hot spring. The water of some hot spring in the United States.
particularly in the East,is heated in this manner. This example indicates that the great ma-
jority Cover 95 percent) of the hot springs {and geysers) in the United States are found in
the West, The reason for such a distribution is that the source of heat for most hot springs
is cooling igneous rock, and it is in the West that ignecus activity has been most recent.

Geysers; (Geysers are intermittent hot spring or fountains where columns of water are
ejected with great force at varicus intervals.often rising 30-60 meters (100-200 {feet). After
the jet of water ceases, a column of steam rushes out, usually with a thundering roar. Per
haps the most famous geyser in the world is Old Faithful in Yellowstone National Park.
which erupts abeut once each hour. Geyses are also found in other parts of the world, in-
cluding New Zealand and Iceland, where the term geyser, meaning “spouter” or
“gusher”, was coined.

Geysers occur when groundwater in heated in underground chambers. At the botrom
of the chamber, the water is under great pressure because of the weight of the overlying
water, Consequently, a temperature above 100°C (212°F) is required before it will boil.
For example,at the bottom of a 300-meter (1000-foot Jchamber water must attain a temper-
ature of nearly 230°C (450F ) before it will boil. The heating causes the water to expand.

147



with the result that some flows out at the top. This decreases the pressure . and the water
quickly turns to steam and causes the geyser to erupt.

Groundwater from hot springs and geysers usually contains more material in sclution
than groundwater from other sources because hot water is a more effective dissolver than
cold. When the water contains much dissolved silica, geyserite is deposited around the
spring. Travertine, a form of calcite, is a characteristic deposit at hot springs in limestone
regions. Some hot springs contain sulfur. In addition to making the water taste bad, sulfur
emits an uppleasant odor. Undoubtedly Rotten Egg Spring, Nevada, is such a situation.
(From Earth Science. 1976, pp. 69--72)

Rainwater enters Nonflowing well.
sandstone herel = ” Water must be pumped Resi £
i 1 f 1i Flowlag esistance to flowage
(Chmmg b rom dashed Line to artesian well limits rise of water

‘ to  this line

Impermeable shals

Figure Ariesian systems occur when &n inclined aquifer is surrounded by
impermeable beds, (Foster, Physical Geology, 2nd ed, Merrill, 1975)

New Words and Expressions

1. encounter [in'kaunta] v. &H|; AR 17. geyser ['gaize] n. [BIEKMER

2. incline [in'klain] v. (fF) @@ () KT | 18, intermittent [inte'mitent] a. MHJ8EHE:: MR

3, prevent=+from [Hik«; By k- Lig--- 19. fountain ['fauntin] n. W, HEH*

4. friction 'frikJon] n. EHEH 20. column ['kalom] n. #, B

5. nonflowing ['non'llouinl a. EMANA: HEE | 21 ejece [0 (D 'dzeke] vi. B, WiE. #HF
i) 22, jet {dzet] v. WMEEE

6. act as L, BefEH 23, rushout M

7. Wisconsin [wis'konsin] n. (¥EH) R HEE 24, thundering [andarin] a. TS, #AH
CHD 25. roar [ro] n. Wy PUGE, FHyF

8. Ilinois [ili'maiz] n. (EE) HHEEH (W) 26. old Faithful EIRiRE
9. south Dakota [de'keura] n. (BHE) WA 27, Yellowstone Naticnal Park ®OHEESE

ol 28. erupt [i'rapt] v. WL
10, Black Hills f#FTIL (HED 29, New Zealand [nju'ziland] a. 2
11, faucet fositg n. (K % 30, Iceland ['aisland] n. ZK&
12. hot spring #h i 31. spouter [spaute] n. BEH, WO WHE
13. mean annual air temperature  THJEESHE 32, gusher [gafo] n. EHWIF, W
14. exploration [ ,eksplo:'reifon] n. #i#g 33, coin [koin] wt. # (FHiAZH
15. circulate ['sackiuleit] v. (1) 1§H; Hi& 34, consequently [kon'sikwontli® ad. B BflL
16. emerge (i'maxdz] vi. H#; R 35, artain [a'tein] v, AR, #18
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386,
37,
38,
39,
40,

dissolver [di'zolva] n. 3

geyserite ['gaizarait] n. B
travertine ['treevatin] n. & K1E, ik
in addition to §--2Z 4

emit [i'mit_ v. M4, &8

41,
42.

43,
44.

odor [auda] n. SH: BE

undoubtedly [an'dautidli] ad. TEBEMN: &
SEH

Rotten Egg Spring 2EF

Nevada [ne'vaida] n. (EE) R EE (M)
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Lesson Sixteen

Text

Ground Water Flow——Darcy’s Law

Ground water 1s in constant motion from a point of recharge to a point of discharge, in ac
cordance with laws governing flow of fluids in porous media, The law of linear resistance
gives the rate at which ground water in motion loses energy. Further, because of addition
to and withdrawal from ground water storage, the volume of ground water in motion
changes with time and distance according to the principte of conservation of mass. In gener-
al terms. this can be expressed as
Mass inflow rate =Mass outflow rate-+change
of mass storage with time

The above relation is often termed the equation of continuity.

Darcy’s Law: From the results of experiments on the flow of water threugh uniform
sands , more than a century ago, Darcy found that the velocity of flow through porous medi-
a is proportional to the head loss and inversely proportional to the length of the flow path.
This relationship, known as Darey’s law or the law of linear resistance has been expressed

in various forms, one of which is

Where @ =discharge in m*/day
K =hydraulic conductivity in m*/day/m® (or m/day)
h, =head loss in metres over a distance [, also
in metres, in the flow direction
A =cross sectional area of the porous medium through
which flow cecurs. in m?, measured at right
angles to the direction of flow
Sometimes the right-hand side of the equation is assigned a-ve sign to imply flow in
the direction of decreasing head.
Where an infinitesimal section is considered., Darey’s law can be expressed as

_xadh
QR=KA 2

Where dA/di is the hydranlic gradient.
The quantity /A, called Darcian velocity . or specific discharge, although having di-
mension of velocity, expresses only the rate of flow per unit cross-sectional area that in-
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cludes solids and interstices. The average interstitial velocity is given by
_KI
o

Where  V —=veloacity of flow through the pore space in meters per day

v

f=eflective porosity {in decimal fraction)

The factor of proportionality K is a property of the soil, rock or aguifer, to transmit
water. In metric units, as adopted in this book, hydraulic conductivity K is defined as the
rate of flow in cubic metres per day through a cross-sectional area of one square metre un-
der a hydraulic gradient of one metre per metre at the prevailing kinematic viscosity. The
term permeshility is used to express the general water-transmissive character of the rocks.

Changes in the temperature affect the hydraulic conductivity of water-bearing materi-
als due to changes in the viscosity of water. Hydraulic conductivity of various materials.
specially those that lack significant differences, can be compared only when they are re-
ferred to a standard temperature, which is usually taken as §0°F. The formula for convert
ing hydraulic conductivity determined at other temperature 1o standard temperats.~ is

v,

Where K.=hydraulic conductivity at standard temperature

K,=

K =hydraulic conductivity at laboratory temperature
V. and V =kinematic viscosities of water at laboratory
and standard temperatures, respectively

(From Hydrogeology, pp53—355)

New Wards and Expressions

1. Darcy’s Law A ZEE 14, equation [i'kweifan} n. HE (&)
2. 1n accordance with #BHE: ¥ M f1-—H 15. continuity [ konti'nju:ti] n. #&EH:
3. govern ['gaven] v. ¥R, & 16. velocity [vi'lasiti] n. @
4, porous ['poras] a. BAM 17. proportional 1o 5 - L FH)
6, media ['midjal n. A+ s PR O(E ¥ i inversely ~ H--mBEH
medium} 18. head loss KL%
6. linear ['linio_ a. ¥RF¥ERT: (H) ZRA7 19. path [pa8] . i&®: BER: P
7. resistance [ri'zistens ) o BB A dKH 20. discharge [dis'tfad3] n. ik FEAKR: Hl
8. addition 1o M0 21. hydraulic conductivity ¥#%#% Z¥, KH L SR
9. withdrawal [wid'drool ] n. Hich s 7k (HD; #F 22. cross sectional area 1 BT L
E . ¢ 23. at right angles to
10. conservation [konsa'veifan] n. P4 ffF: R Sl HMA: SBE
1% 24. right—hand side AW
11. mass [mes’ n. BE; H& 25. assign [a'sain] vi. B45E; B&
12. mflow [inflaa” n. BN CBYy AH EBEH 26. sign [sain® n. 875 i85, fRid: R
7 27, smply [im'plai] vt. EEE: i %

fi !
13, outflow “autflou. n. fith (B @ (B | 28. infinitesimal [infini'tesimal] a. LR I#Y: T
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3/ 36. be defined as  B{FE LN

26, section ['sekfon_ n. BT, A 37. cubic metre 3777 ¥

30, hydraulic gradient K UHE 38. prevailing [pri'veiin] a. W{TH: SHKEH

31. pore space JLBK 39. kinemaric [kaini'meetik] a.iZzhf#; i2 Bh22E

32, effective porosity HR WA -~ viscosity  (GE) kG s

33. decimal _'desimol] a. f-i#fzay: 88 40, water — transmussive SKIE; HXRDY
~ fraction (|3 &G RS 41, formula [Harmjula] n. 225

34. proportionality [prapa:fa'naliti ] n. ) HAE 12. converting _kan'va:tin, n. B

35. In metric units {5 2> G g

Notes to the Text

L. From the results of experiments on the flow of water through uniform sands, more than
a century ago,Darcy found that the velocity of fiow through porous media is proportion-
al 1o the head loss and inversely propurtional to the length of the flow path. —4~£{it
LR g, ATREK B SRR TR R 2R, KT ST B K S 5K
LIRKAEL, TSR ESER L.

XE S AR “from-" B -7, EAPERE, FRERIRE. L.
From what is said above, T think this answer is right.

RIFLL LAk, REXTERRYNY.

be (directly/inversely) proportional Lo+ 5.+ (E/KE) H..#m,

The pressure of a gas 1s (directly) proportional to its absolute temperature when its vol-

ume remains consiant.

LEGERRR AT, SEEHRMRAETEERER.

The pressure of a gas is inversely proportional 1o its volume, if its temperature is kept

constant.

DR A TR AT, W B G A R AR

2. Hydraulic conductivity of various matenials, specially those that lack significant differ
ences. can be compared only when they are referred to a standard temperature. which
is usually taken as 60°F &M BB ERE, FFHEMELEXEFNEY, A H5Y
ENEERERE (FRFERe0E SA R,

B “specially-differences” HARRBEF 1217, BMEBER—LEE, HESLUY
RIEFLE, W,

I want very much to see these new books, especially the one you mentioned.
RREH LT, R RREINE &,

“which 15+ " JAIERHEE G AE . EXTETERIEMA T H “standard temperature” #f
HE— i ng .
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Exercises

1. Questions for review:
1> What is Darcy’s Law?
2) What is often termed the equation of continuity?
3} Why can the changes in the temperature affect the hydraulic conductivity of water-
bearing materials?
4) How can the averdge interstitial velocity be computed?
5) What temperature is usually taken as 60°F?
2. Choose the correct term from the list helow to complete each of these sentences.
geohydrology, geochemistry, hydrology, geothermics, geomorphology, stratigraphy
1> __ _ is a science which studies the sequence of the rocks in the earth’ crust.
2) __ is a science dealing with the character, source and mode of occurrence of un-
derground water.
3) is a science which deals with the chemical composition of the earth’s crust
and chemical changes in it.
4) _ is a science which deals with the occurrerce, distribution and disposal of wa-
ter on the planet earth.
5) is a science dealing with the heat of the earth’s interior.
6) is a science which studies the land and submarine relief feature of the earth’
surface.

3. Write one complete sentence for each term listed below

recharge potassion sodium
discharge water level magnesinm
calcium piezometric level

¢, Translating the following passage into Chinese.
Water in the unsaturated zone above the water table is called vadose water. Water
in this zone is percolating downward toward the saturated zone. A certain amount of
vadose water is always present because of surface tension with rock and soil particles.
The quantity of groundwater that can be stored in rocks depends upon the volume
occupied by open spaces, that is, the porosity of the material. The openings may be
pores in sediment or sedimentary rock, or fractures in crystalline rocks. Porosity
alane, however, is not a satisfactory measure of a material’s capacity to yield ground-
water. The permeability of a material, its ability to transmit water is of prime impor-
tance. In material like clay, which has very small openings ., most of the water may be
held by molecular attraction and be unable to move. Therefore, even though some
clays have high porosities, they yield little or no water. On the other hand, material
with large openings may yield much water, although the porosity may be small.
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The tate of groundwater movement is usually very slow, especially when com-
pared to rthe movement of streams. Rather than measuring veloeity in meters per sec-
ond or kilcmeters per hour. the movement of groundwater is measured in meters or
centimeters per day. Although rates of tens of meters per day have been measured. a
rate of 12-17 meters (40-50 feet) per day is considered high,

5. Translate the {ollowing sentences into English;
D) TEEIEME, K A AT R I Y
2 MR B RN L AT RRE
5y APETE SR 2 i K TR B P A R R
1 R K AT B e TR BT R Loo L B
3y BAPHR ALK DRI AR BT iT4E, BABEAKNHE. HEmbefE,
6) KR AR B R S, R RS SR,
T KB RREEEG. SR, KE, RERRE,

Reading Materials
(A) Recharge and Discharge Areas

Arcas can be delineated into recharge and discharge areas depending on whether. water in
these areas, is added 10 or abstracted from the zone of saturation. In the case of an uncon-
fined aquifer. usually the areas occupying higher elevations with deeper water table consti-
tute the recharge areas, whereas the topographic lows with shallow water table comprise
natural discharge areas. Between these two lies an intermediate transition zone charac-
terised by the existence of recharge conditions in some part of the year and discharge condi-
tions in other~. The houndaries keep changing depending on the depth of the water rable,
In the case of an artesian aquifer the recharge area is restricted to the outcrop of the aguifer
where it becomes unconfined. i the confining layer is semipermeable, water may be sup-
plied 10 or lost from the aquifer depending on the hezd differences.

Ground water discharge areas are characterised by outcropping of the water table or
the capillary fringe through which water is lost to the atmosphere by evaporation and tran-
spiration or 1o streams as base flow. In general, the outlets of ground water are diffuse.
in the form of seeps,but at places,the flow may be directed.in the form of springs.through
well-defined outlets,

The discharge of springs varies widely , depending on the area contributing to recharge
of the aquifer and rate of recharge. The catchment areas may range from less than a hectare
1o several hundred square km. In arid regions, where the rainfall infiltration is low due to
high evaporaticn, large springs can issue only if the catchment area is large. The tempera-
ture and discharges of springs with large caichments and deep sources are less variable
than those with smaller catchments and fed from shallow depth. A combination of high
rainfall and recharge rate can give rise Lo large springs even from small catchment areas. 1f
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recharge rates are low due to occurrence of impermeable rucks, spring discharge may be
low even when the catchment area is large. Recharge rates can be compuied by expressing
spring discharge in terms of unit area,

Water Level Fluctuations: Differences in the quantities of ground water supply and
disposal result in changes in storage and fluctuation of ground water levels. A rise mn the
water level indicates that accretion to ground water storage is taking place. Similarly, z de
cline in the water level indicates that the ground water in storage is being depthed.

Water table fluctuations in response to precipitation are comparatively greater in up
lands and interfluves corresponding to recharge areas than in lowlands and valley buttoms .
corresponding to discharge areas. Water tahle levels establish a rising 1rend m arcas
brought under surface water irrigation. Water tables of the aquifers in hydraulic continuiy
with surface water bodies fluctuate sympathetically. corresponding to changes m It vels in
the surface water bodies changes in evaporation rates between day time and night tini in
shallow water table tracts result in diurnal fluctuation of the water table. Some ol the con-
trolling factors affecting water table fluctuations are rainfall, topography . stream flow and
irrigation.

All other factors remaining the same, the magnitude of fluctuation is governed by the
water-bearing properties of the materials in the zone of warter table {luctuation. The fuctu
ation in materials having high specific yield is comparatively less than that in materials
having low specific yield. For example. the fluctuation of the water table in consolidated
rocks is usually more than in uaconsolidated rocks.

Piezometric levels in wells tapping artesian aquifers fluctnate in response to water
table fluctuations in the intake areas, and tec addition and abstraction of water in the
aguifer. Piezometric surfaces of leaky aguifers under lying phreatic aguifers respond o wa-
ter table fluctuations not only in the intake area but also over the rest of the aquifer. Un-
like the fluctuation of the water table, involving saturation or desaturation of materials.
fluctuation of the piezometric surface is related to the elastic properries of the zquifer and
the confining layers.

Decline of water levels due to pumping of weils followed by rise during rest periods is
cammon to both the water table and artesian aguifers. Excessive ground water withdrawals
in several parts of the world have resulted in water level declines of over 100 m. Restora.
tion of water levels by artificial recharge has been one of the major aims of ground water
management.,

Water levels of wells tapping phreatic aquifers are not usuvally affected by barometric
change, tidal loading , seismic vibrations and passage of trains but piezometric levels in arte-
sian wells are affected by them. However, the water table may also respond to them.

In transitional zones where an aquifer is confined by an overlying confining layer dur-
ing periods of high water levels, and is unconfined during summer and fall when the warer
level recedes below the base of the confining layer, the rate of recession and rise. as the
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case may be,changes abruptly at the conract. The water level changes are more rapid under
confined conditions than under unconfined conditions.

(From Hydrogeology, £p30—33)

New Words and Expressions

1. delineate [di'limieit] ve. g3t; Hid: QA 23. bring under #fl; A (2 |

2, abstract [aeb'stracke] ve. flH; B(iH: $#EE 24. sympathetically [simpo'fetrikali] ad. F&EHE;
3. topographic [ topa'grefik’ a. HUE (%) # FEReH —BHh; g

1. intermediate transition zone o [R]LIFHF 25, tract Itraekt] n. oMb MU

5. be restricted to- (R BT BBEHE - 26. diurnal [dai'ani] a. . n. B (D)

. head difference A .E 27. magnitude ['meegnitjud] n. Ahy S8 W
7. base flow JE: HH: BB 28. high specific vield ®HE; HRLEELE
8. outlet [‘autler] n. fEK 1, B0 low specific vield EH®: HRMEHAKE

9. diffuse [difjuz] v- . a. T8 () 48 (B9 29. piezometric level MEAKRL; REK

10, direct [di'rekt, v 2|5 BH; #HM@ 30. abstraction [mblstreekfon] n. i2# . 8 3|
11. catchment area LAKEB; SKEH it

12, issue D1 €0 uw_ v.. n.JiEd HO 31. desaturation [dismtfa'reifan] n. M HEF (4
13, feed [fid] v fhoG, fEAK L)

14, interms of THM8 32, be related tose  HeFHE (H)

13, water level 2RK{%; KHEE 33. elastic [i'lestik] a. WHEM

16. fluctuation [ flaktju'eifon_ n.Z8zh; #EH 34. excessive [ik'sesiv] a- BE M, EEH

17, disposal [dis'pauzel] n. 35. restoration [,resto'reifon] n. HkE

18. accretion Lee'krifan_ n. HEID; WK 36. tidal loading MMR; WA EA

19. similarly [‘similali_ ad. [ () 37. passage ['pesid3] n.i@iE

20, decline [diklain) v., n. T 38. recede [ri'siid] vi. E&{E

21. depth (deph] v. % %: n. BE 39. recession [ri'sefon] n. T&

22, interfluve (intefluv) o. S TR K

{B) Quality of Water

Determination of the physical, bacteriological and chemical quality of water is essential for
assessing the suitability of water for various purposes like drinking, domestic use, indus-
tries and agriculture. Besides, a study of the chemistry of water helps in interpreging the
geological environment, source, direction and movement of ground water, recharge-dis-
charge relationships, climatic influence , presence of ore bodies, and in econcmic evaluarion
of mineral rich waters. A knowledge of water quality is also essential for ratienal manage-
ment of water and land resources.

Bacteriological quality  Bacteria and micro-organisms present in water are too small to
be seen by the naked eye. Some of the bacteria are harmless while some are disease-caus-
ing, known as pathogenic bacteria. coliforms, which are present in the intestines of human
beings and other warm-blooded animals, are transmirted though faecal marter. Although
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coliforms are harmless: their presence in ground water indicates the possibility of the pres-
ence of pathogenic bacteria.

An indireet index of the presence of organic matter in the water is the biochemica!
oxygen demand (BOD), which is the amount of oxygen required to cause biclogical decom-
position of organic matter and waste. When oxidation is complete and no oxvgen is re-
quired, BOD is zero.

Ground water is generally free ol pathogenic organisms unless polluted by surface
drainage. The organisms are removed during the course of ground water movement. The
travel distance required is greater in sands and gravels, and other high permezbility zones
like caverns, than in ciay,

Physica! qualit: The physical quality of water includes colour, odour, taste, turbidity
and temperature, Ground water,unlike surface water,is generally clear and cclourless . with
little or no suspended matter and relatively constant temperature. Because of these charac-
teristics, ground water in most hydrogeological situations can be put to direct use without
treatment 1o improve the physical quality, Exceptions are found, for example, in ground
water obtained from caverns and other large openings that may allow suspended matter
and pollutants to enter the agquifer, The presence of H; S, methane and some other gases
makes the water odorous. Iron compounds, dyes, ete, impart colour and an unpalatzble
taste to water. Turbidity is caused due to the presence of insoluble matter, organisms and
organic matter.

The amount of suspended materials carried in river water may be very large and varies
in proportion to the discharge. The amount of suspended matter present in ground water.
before 1t appears as seepage . is negligible. Though concentraticns rarely exceed a few ppm.,
higher concentrations may be found in water from poorly developed wells. Water with a
suspended sediment load is of limited use for industrial and ether uses. Application of such
water reduces infiltration rates of scils and recharge of ground water,

Chemical quality: Water, heing an excellent solvent, acquires soluble products from
the air and rocks it comes into contact with. Collection and chemical analysis of water sam-
ples {rom surface water bodies, wells and springs form an integral part of hydrogeological
studies, Methads and procedures of chemical analysis of water samples, which strictly be-
long to the domain of chemistry, are not generally relevant in the interpretation of water
analysis, The theoretical basis of the study of natural water chemistry is not proposed to be
dealt with.

Common dissclved constituents in ground water include Caleium, Magnesium, Sodi-
um, Potassium, Carbonate, Bicarbonate, Sulphate, Chloride, Silica, Iron, Manganese,
Fluoride. Boron and some trace constituents. Concentrations of all dissolved salts or ions
in water are commonly expressed by weight, weight and volume or by chemical equiva-
lenee.

(From Hvdrogeelspy s ppl3iz—134)



. wairzhility [sjura'his <

. MLCTO-OTEanIsms
. naked eye
. pathogenic ['pmfod3inik n. R ¢ B
. coliferms {'kolifrmz_ n. KR H

1.
11,
1.
13.

New Words and Expressions

bacreriological _ baek nara'lodzikal ] a. #
() #

. assess  alwes | vr. (G EE

no R BN

. domestic [da'mestik . «. (& FHWY

bacteria [bark'tiorio] n. & (¥ bacterium)
WES
I

intestines [in'testinz | n- §#
warm-blooded #lAY

faccal [fikol_ a- FEfESY
bicchemical oxygen demand (BOLD?
# R

HHE

. oxwation [oksi'deifan] n- S (FEHD

5. odour ['suda’ n. <k, B

turbidity [1a:'biditi” n. {E P
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17.
18.
. methane ['mifein; o FiE

. odorous ['sudaras] a. B

. dye [dail v.. n. i (@) HuE

. fmpert [im'pan] v 85, 48

. unpalatable [an'paclatabl] & HRERE, & At

29.
30,
31.
32.

1HiR
pollutant [pa'ljurtant] n. 548 (&)

constant temperature

)

. seepage ['sipids] n. &%, A8: Bd

. concentration [ konsen'treifon’] n. 3K ; W
. integral ['intigrel] a. Wik, TE¥M

. domain [de'mein] n. F4%, fEWE
. bicarbonate [bai'ka;banit] n. ERME: B8R

Ezh

sulphate ['salfeit] n. #Eg#k
chloride ['kloraid] n. $A¥4
fluoride ['flu;araid] n. #{k$5
boron ['baran] n. #f (B)



Lesson Seventeen

Text
The Geologic Work of Ground Water

The primary ercsional work carried on by groundwater is solution (dissolving soluble
rock ). Rainwater becomes slightly acid as carbon dioxide dissalves in it » producing varhouic
acid. As the water percolates through the soil, decaying plants add complex organic acids.
In regions where easily soluble rock, especially limestone, underlies the surface, groundwa
ter has its greatest impact, Many areas of the world have landscapes that are to a large cx-
tent the result of underground solution. Such areas are said to exhibit karst topography. a
term derived from a region in Yugoslavia, Generally.arid and semiarid areas do nct develop
karst topography. When solution features exist in such regions, they are likely remnanis
of a time when more humid condidions prevailed.

The most common and widespread features in karst areas are dupressions called sink-
holes, or sinks., Tn the limestone areas of Kentucky and southern Indiana there are an esi.-
mated 600000 of these depressions, varying in depth from just a meter or two to a maxi-
mum of more than 30 meters (100 feet). A sinkhole may form when a cavern roof collaps-
es, or may develop slowly without physical disturbance of the rock as sclution gradually
carries away material. Following a rainfall in regions with many sinkhole, most runoff 1=
funneled below ground , so streams are often absent. When streams are present . they even-
tually flow into a sink and are diverted underground. The names of such streams often give
a clue Lo their fate. In the Mammoth Cave area of Kentucky. fox example. there is Sinking
Creek, Little Sinking Creck,and Sinking Branch. Other sinkholes become plugged with clay
and debris, creating ponds.

Limestone caverns are believed to form at or just below the water table along jomrs i
the rock, Limestone which is not highly jointed tends to have a minimum of solution fea
tures . hecause joints are natural avenues through which groundwater moves. In the course
of time solution enlarges the jeints, often resulting in a complex system of tunnels and
chambers. Since caves arc created in the zone of saturation, it is only possible to enter them
afier the water table has dropped. In the United Stares, Carisbad Caverns., New Mexico.
and Mammoth Cave, Kentucky .are probably the best-known areas of cavern development.
The latter locality includes an elaburate system comprised of at least 240 kilometers (130
miles) of subterranean passageways,

Probably the most striking features found in caves are the bizarre stone formations
which often give them a wonderland appearance. Stalactites appear to be large stone icicles
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hanging from the roof of the cavern, while stalagmites just up from the fioor.

As water seeps through the roof of a cave evaporation leaves a small deposit of calcite
behind. (dver the centuries a stalactite will gradually form. When the water drops to the
floor of the cave some more evaporates, again depositing calcite, and a stalagmite begins
growing upward. When a stalamite and a stalactite meet, a column is formed.

(Frem Earth Sciences 1576, pp73 -75)

New Words and Expressions

1. geologic work MR {EMA Little ~  Av{R377
2. dissolve [dilzolv v 4+ 88: (¥ BH 18. Sinking Branch #kF3# ()
3. carbonic [ke'bonik] a. (&) BaY 19. joint ['d3oint] n., vt. H,; RPN, ERE B
~ acid K B ERVE B
4. impact ['impeekt] n. #0H ., Wi 20, avenue ['evinju:] n.ifiiE
5. karst topography SR HLTE: wyipiEmE 21. enlarge [inladz] v § X
5. Yugoslavie ['juigsu'slarvie’] n. BIRHY * 22. 1unnel\ [*tanl] n. #iE; EH
7. remnnant ['remnant] n., a. B S, F4r 23. Carlsbad Cavern FHFEEN
(i) 24, New Mexico [nju () 'meksikau] n. R FHF
8. prevail [pri'veil ] vi. B (0 s % #E: B (EEMNZ
i- 25. claborate [i'lebarit] a. H 220 .08 EM
9. depression [di'prefan] n. iE#; M 26, comprised of - SHAR; WHL
10. sinkhole [sinkhaul_ n. F#H] 27. subterranean [,sabta'reinjon] a. M T K
11. Kentucky [ken'taki] n. HiE (REMNZ 28, passageway [ 'pesidg'wei] n. i
12. Indiana [ indi'mna] n. EIEEM CEEME) 29, bizarre [bi'za:] a. BEHHRY. BREIHM
14, disturbance [dis'tobons] n. Tk #H3h 30. stalactite ['staelaktait] n. #FHT
14, funnel ["Tani] n. . v J 3 @AW SF 31. icicle [aisikl] n. 2KEE
15. fate [feit] n. 62 R BX 32. stalagmite ['steelogmait] n. 7 &
16, Mamnoth Cave K34 7
17. Sinking Creek k&, Fgitml

Notes to the Text

1. Limestone which is not highly jointed tends to have a minimum of solution features, be-
cause joints are natural avenues through which groundwater moves. FEA K& FHI K
. IR/ NEBE, FAREEE TKERHRBEE.

A it “which---jointed” #l “through which*moves” FEMHEEBENG ., BIEHEE L
. EEBHEERE N HEE . tend SILREARN 8 (8D fIF - BEE ¢~
fir -, “fEFE-".f0: The force due to the motion of molecules tends to keep them

apart,

BT T2 3 e A T E S 7RS4,

2. When the water drops to the floor of the cave some more evaporates, again depositing
calcite ,and a stalagmite begins growing upward, 2KiFEFE R KN . —EKFZ %,
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BB T Fea, TRA#HEIEM LEK.,
a) i and EEF T IERA . % “FTRE” . “again depositing calcite” X -E G H, £
——EIHIRTE . FORTEREEN .

Exercises

Questions for review.
1> How does rainwater become slightly acid?
2) What are called sinkholes?
3) Why does the limestone which is not highly jointed tend to have a minimum of so-
lution features?
4) Where are probably the best-know areas of cavern development in the United
States?
5} How are the stalactite and the stalamite formed?
. Choose the correct verbs from the list helow to complete each of these sentences:
examined, resorted, believed, decimated, contributed, attributed

1)Limestone caverns are ____ 1o form at or just below the water table along joints
in the rock.
23 The ground water temperature variation was to both litholegic and hydro-

logic controls.
32 The shallow water table conditions have to the soil and ground water
salinity, by accelerating natural processes of evaporation.
43} Before an exploration programme is taken up, its relevance from the point of view
of social and economic benefits should be to justify investment of funds.
5) Artificial recharging is also to for the protection of fresh water agquifers
against intrusion of saline water from surface and subsurface sources.
6) These problems are acute in regions of heavy population growth where forests are
___to bring additional land under agriculture.

Give the Chinses/English equivalents for the following;

cavern HIEHE
Sinking Creek A A A
subterranean passageways b:=11
terrestrial heat HlCH 0 24
degradation Bk
afforestation T L

Translating the following passage into Chinese.

Ground water remperature varies within wide limits, from freezing to above the
boiling point at the surface. Extremes of ground water temperature are found in polar
regions and in regions of volcanic activity. Such extremes of temperature are not found
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in the rest of the earth's surface. where the temperature seldom excecds a few tens of
C. The ground water temperature distribution depends largely on terrestrial heat.
excthermic and endothermic reactions in the rocks, thermal conductivity of rocks. at-
mospheric temperature. infiltration from atmospheric precipitation and surface water
bodies, and movement of ground water. In addition to the natural causes just mea-
tioned., man’s activities like mining and discharge of wastes has disturbed the natural
ground water temperature distribution.

5. Trauslate the following sentences into English,
D HERFEHEABEERARE LRRE T KBRS,
2) WA REREEHRFR AT Bk,
3 —HFE, TEMETRBEAZERHFRE.
4 HTERWEE, X TRKERANSHET.
5) KRXHFEHREEPEGHEFEAEERSTKBNREMTEHE. $EENEnRA,

KEFH RS KR .

) RadM R AAES R S R . WRMAEE.
7) EHMTKMRIES. KCEFENFIENSRRERRTHEERESRK.

Reading Materials

(A) Hydrogeology and Environment

Most of the human activities involving industrial and agricultural development, and the in-
adequate management of land and water resources have, directly or indirectly. resulted in
the degradation of hydrogeclogical environment. Some of the major adverse effects have
arisen from construction of reservoirs. surface water irrigation, heave ground water ex-
ploitation, deforestation and industrial and urban waste disposal. The impact is notable on
the quality and quantity of ground water resources, the fertility of land and the stability of
the land mass, Water quality deteriorstion has made potable water resources scarcer and
endangered plant and animal life.

The shallow water table conditions created in the vicinity of reservoirs and canal com-
mands have contributed to the soil and ground water salinity, by accelerating natural pro-
cesses of evaporation. Chances of ground water pollution in such areas is increased due 10
the thinning of vadose zone. It is estimated that one-third of the irrigared land in the world
is affected by salinity problems and each year about 40000 ha. of land becomes unfit {or
agricultural production because of salt accumulation.

The dispnsal, without proper treatment, of industrial and urban wastes inwo streams
and other surface water bodies and injection wells and pits is also one of the major causes
of deterjoration in the water quality. or “pollution”. (Gaseous emanations from certain in-

dustries are also sources of pollution of atmospheric water which is the source of most of
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the surface and ground water zesources,

Land use practices involving devegetation in any form cause a reduction in the infiltra-
tien capacily and ground water recharge, increase in surface runoff and erosion. and in-
crease in evaporation from soil and surface storages. These problems are acute in regions of
heavy population growth where forests are decimated to bring additional land under agri-
culture. Where alternative areas exist , deforestation of a ground water-worthy area will be
more productive than deforestation of an area underlain by poor aquifers. Likewise. af
forestation programmes should take ground water productivity into consideration.

The subsidence of land surface due to heavy withdrawals of ground water, ¢il and nat
ural gas and increased seismicity due to surface water impoundments and well-injections
are well documented, Measures t¢ enhance replenishment of aquifers by artificial recharge
and other water conservation measures have been adopted in various parts of the world
that are adversely affected by excessive ground water withdrawals and subsidence,

Artificial recharge, by which the infitration of surface water into the ground water
reservoir is increased by altering natural conditions, is one of the measures adopted to re-
store or enhance supplies from depleted aquifers, control or prevent subsidence of land sur-
face, improve guality of native waters and renovate quality of waste waters, Recharging is
doing by ponding water in specially designed basins. pits and shafts,spreading water on ar-
tificiatly prepared or natural land surfaces, injecting water into wells, or by capturing
stream-flows. New aquilers may be created and pumping lifts may be reduced where artifi-
cial recharge results in rise in water table, thereby saving energy. Artificial recharging is
also resorted to for the protection of fresh water aquifers against intrusion of saline water
from surface and subsurface sources.

{From Hydrogeclogy, pp7--8)

New Words and Expressions

1. inadequate [in'zdikwit] a. FiE %87, A48 12. ha. =hecrare ['hekta:] n.£000
2. degradation [ degra'deifon] n. BE#fF (FERT),; iB 13. injection [in'dzekfan] n. A
ke Bk R 4. piv [pit] ne (KD 8
3, adverse 'wdvas] a. W) HEM 15. emanation [ ema'neifon] o. MES; & &
4, arise [o'raiz} vi. % (™) #%; E7F; W b 5 8
5. exploitation [eksploiteifon] n. &, FHE 16. devegetation [divedsi'teifan’ n. SHEY: &
6. deforestation [diforis'teifon] n. Bk, EKtE# %
E: S 17. infiltration capacity #EKE
7. fertility _fa'tiliti] n. AEIR 18. acute [akjut] a. RELA; THEHY
8. deterioration [ditiaria'reifan] n. A AT 19. decimate ['desimeit] vt. B <) I8 73
(R & GRY b 20. afforestation [z foris'teifon] n. @#H
9. vicinity [vi'siniti® n. ¥ 4b: BT (KD 21. subsidence [sab'saidans] n. FiH{; {{RE
10, accelerate [wk'selareit] v. N, {23, Ik 22, seismicity [saiz'misiti] n. HhfEFE 5D
11, irnigared land KiEH 23. impoundment [im'paundmant] n. #7K; #7K
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30. native ['neitivy a. KHEY; AZh o W
31. rencvate [renouveit | vt. 24 (i KR o O

L

24, document ['dokumant] v, IESY]

to be well documented  FiF & ¥k uk AH

25, enhance (in'hams’ ve. 885 H¥® (0D B

26. replenishment (ri'plenifmont ] n. #b#5: 7% | 32. ponding [pondiy_ n. BI7K (FE) B4, =4
FHE 33, shaft [Ja:ft] 0. "EH: & H

27. conservation | Ronsa'veifon_ n. {8 £ £35: & 3¢. capyure stream-flows ZE& i
= 35. resom [ri'zot] vio. oo 3REh, KE

2B, restore [risto v Pk E; B8 B ~te EBVF. EH, HE

29. deplere [di'plict] vt JERL: R, #2

(B) Ground Water Exploration
— —Geslogical and Hydrological Methods

The common objective of ground water exploraticn is to locate aquifers capable of yielding
for various uses, water of suitable quality, in economic quantities, by employing, as re-
quired, geological. geophysical, drilling and other techniques. Information soughi during
the course of exploration are the depth and extent of aquifers, type of rocks to be penetrat-
ed. quality of water and sustained vields. Less common objectives of exploration are o
study feasibility of artificial recharge. disposal of industrial, nuclear and other wastes.
ground water control for mining, ete.

In the first instance, before an exploration programme is taken up, its relevance from
the point of view of social and economic benefits should be examined to justify investment
of junds. Then follow the technical aspects of exploration ,including the schematics of oper
ations. Some areas require to be explored more thoroughly than othérs, depending on the
availability of data, hydrogeology , expected water supplies, etc. The various types of data
thrown up during the course of ground water exploration can be synthesised, interpreted
and depicted as hydrogeclogical maps.

Preliminary conclusions concerning rany aspects of ground water occurrence and yield
prospects can be drawn from geomorphology and geclogy of the area and structure of the
formations., The type of details required for geological prospecting differ from one rock
type to another. A knowledge of stratigraphy and structural geology is useful in under-
standing the order of superposition of various lithological units and their continuity. Petro-
graphic descriptions can give indications regarding consolidation, cementation and porost-
ties of rocks and their water-bearing and yield characteristics. The available geological
maps could form the basis for deciding the exploration techniques most suited to the area
and the type of drilling rig te be deployed. If a geological map of the target area is not
avalable, a survey has to be undertaken, which may be oriented towards ground checking
of interpretations of remote sensing data or mapping of the extent of various lithological
units and studying their characteristics from outcrops.excavations and wells. Structure and
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the physical characteristics of rocks and their geomorphologic expressious m terms of ter
rain features are important in delineating the lateral and vertical extent of unproductive
ard productive zones. (Geologic mapping may include a study of fracture patterns which
govern the accumulation and flow of ground water in hard rocks.

The common structural features that affect the distribution of geological formations
are folds,faults and uncorformities. An excellent treatment of structural control on ground
water occurrence is found in Meinzer (1923) which has been extensively drawn upon in this
section. He cites several examples which are illustrative of the need to have background in-
formation on the structural set up of an area, This is necessary for an understanding of the
distribution of aquifers in ground water prospecting.

Aspects that have a bearing on sustained productivity on a long term basis. such as
recharge and discharge rates and sources, infiltration characteristics of soil, aquifer charae-
teristics, storage changes in soil, surface and ground water bodies, are also investigared.
Estimation of the input to and output from the ground water reservoir and the balance of
ground water available for development require hydrological studies.

The first and foremost task in the quantitative evaluation of ground water resources
basinwise is to properly identify the basin boundaries. The morphometric analyses of catch
ments of ground water basins provide useful indices of recharge. Besides , various hydrome-
teorological parameters such as rainfall and evaporation have to be studied in relation to
water balznce.

In ground water studies, the hydrological aspects are studied combined with the geolo-
gy. For example, potentiometric surface maps can be interpreted in terms of subsurface hy-
drogeolcgical conditions. Best results are obtained by integrating geological and hydrologi-
cal investigations with studies related to meteorclogy, pedology » agronomy . chemistry and
other disciplines as may be relevant to the scope and purpose of the investigation.

Commoniy, the older formations are less water-bearing and also less productive. Nor-
mally, the younger formations overlie the older ones and are reached earlier during drilling
but exceptions may be found €13} where intrusion has occurred into an older formation
(2) in closely folded formations resulting in overturning of strata and (3) where formations
are faulted and overthrust. In the latter two cases,repetition of beds may occur. In general.
the crystalline rocks are regarded as the basement and no purpose is served in penetrating
them if a permeable layer has been penetrated above it.

(From IHydrogeology, ppl7% 185)

New words and Expressions

1. exploration [ekspla'reifon] n. ghi; M. £ 1. seek [stk] v. () #%; HAE, WME
#* 5. penetrate ['penitreit v. @A ()

2. lorate [lou'keit? v #RM.(r & B W E 6. sustained vields ZHEEBAE

7

3. emploving _m'plaiin” n. £ H« Jit A . feasibility [fiza'biliti] n. 774 Al bt Bk

165



3

5 nuclear ('mjuklia] a. BT H IE FEERY

9. benefit ['benifit] n. #l4f: &4t

10. justify [dzastifai] v. B fks IEHHY: AN

11. investment [in'vestmant  n. ¥ #EA

12. schematie [ski () 'meetik] n. i (#5) H

13, availability [aveila'biliti’ n. 7 e i A4,
Higk

14, throw up #l. &4

15, synthesise ['sinbisaiz] vt. fF& Ch#FD

16. depict as s Hl: @A

17, preliminery [prillimingri” & #2EH: HERS

18. prospect ['prospekt” n. B, BE; PIEEYE,
Bhix

19, draw from -8Bl & HEE

20. superposition ['sju:papa'zifan] n. &N

21. consolidetion | kansoli'deifon] n. B & (fF
i)

2. drilling rig SiHEE. W

23, deploy [di'plai] v.. n. BF2, AR, fHEH

24. rarget [agie] n. R A&

25. undertake [ando'teik] vi. ¥ A%, T
#17

26, orient ['yriant] vi. W B (F7) s FE

27. ground checking FHERIE; HLIETEE

28, remote sensing A, Bl

249, excavation [,ekska'veifan] n. B

30. delineate Tdilinient] vi. ## (8), A3

31. unproductive [lanpra'dakeiv] o FE P ¥
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32
33.
34.
35,
36.
37.
38.
34.
49,
11.

42.

45.
48,
47,
48.

HEREH

draw upon B/, #FH

cite {sait] ve. 3{H; BlE; ik, A
WA 1RO BN
structural set up FEEEI,; HEEER
investigate [in'vestigeit | v. W2

first and foremost H; B—; HE
basinwise ['beisn'waiz] a. fE A f
morphometric [ moifo'metrik]) a. M7 M
catchment ['kwt[mant] n. JLH,; LK
indices [findisi:z] o $53E; B¥, R3: 2

index)

illustrative of

hydrometeurological [‘haidra,mi:tjaratiadzikal |

a KXSE (M

. parameter [pa'remita] o. ¥
44,

potentiometric [patenfigmerrik] a. ¥ (0
#

~ surface maps
£l

integrate [lintigreic] v. &€, T8
meteorology [mittjp'roladgi] n. S &4
pedology [pii'doledzi] n. 12

agronomy [a'graunemi] n & (¥) #: i
¥

W R MW

. inrrusion [in'truzan] o B AE )
. overturning [,ouva'tanin] n. B

. overthrust ['auvafirast] n. R HEMTRR ; SEW N

=

. repetition | rep'tifen] o. B

~ of beds WEHFT



Lesson Eighteen

Text
Seil

Suil has accurately been called “the bridge between life and the inanimate world”. All life
owes its existence to the dozen or so elements that ultimately come from the earth’s crust.
First, weathering converts the rock to soil. Then. plants carry out their role as the great
intermediary, assimilating the necessary elements and making them available to antmals
and people. With few exceptions, the earth’s land surface is covered by regolith, the layer
of rock and mineral fragments produced by weathering. Some would call this material soil.
However soil is more tharn an accumulation of loose rock debris. Soil is a combirution of
mineral and orgamc matter, water, and air, that portion of the regolith that supports the
growth of plants. Although the proportions may vary, the major components do not. About
one-half of the total volume of 1 good-quality surface soil is a mixture of disintegrated and
decomposed rock (minerzl matter) and the remains of animal and plant life (organic
matter). The remaining half consists of pore space, where air and water circulate.

The soil profile: If you were 1o dig a trench, you would see that its walls consisted of
a series of horizontal layers. These layers,called horizons,collectively make up the soil pro-
file. Three basic horizons are identified ard from top to bottom are labheled A, B, and C,
respectively. The A and B horizons may be subdivided further.

The uppermost layer in a soil profile, the A horizon, is often called the surface soil.
Tt is the part of the soil with the greatest biological activity and is therefore the horizon
where organic matter is most plentiful. Since it lies at the surface, the A horizon is also the
part of the soil that falling rain reaches first. As a consequence, soluble materials and
tinyparticles such as clay are leached (washed out) by percolating water. Lying immediately
below the surface soil is the B horizon.or subsoil. It is in this zone that much of the materi-
al removed from the A horizon is deposited. Because of this, the B horizon is referred 1o as
the zone of accumulation. Since the B horizon has an intermediate position in the soil pro-
file,it may he considered . at least in part,a transitional zone. For example, living crganisms
and organic matter are more abundant in the B than in the C horizon, but considerably less
so than in the A horizon. The A and B horizons together constitute the sclum, or "true
50il ™. It is in the sclum that the soil-forming processes are active and that living reots and
other plant and animal life are largely confired.

Below the solum is the C horizon, a layer characterized by partially altered parent ma-
terial and little if any organic matter, While the parent material may be so dramatically al-
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tered (n the sclum that its original character is not recognizable, it is easily identifiable in
the C horizon.

The boundaries between soil horizons may be very sharp, or the herizons may blend
gradually from one to another. Furthermore , some soils lack horizons altogether. Such soils
are called immature, because scil building has been geing on for only a short time. Imma-
ture soils are also characteristic of steep slopes where erosion continually strips away the
soil. preventing full development.

Soil Type: In the discussion which follows we shall briefly examine some common scil
types. As vou read, notice that the characteristics of each of the soil types are primarily a
manifestation of the prevailing climatic conditions.

The term pedalfer gives g clue to the basic characteristic of this soil type. The word is
derived from the Greek pedon, meaning “soil ¥, and the chemical symbols Al
(gluminum) and Fe (iron). Pedalfers are characterized by an accumulation of iron oxides
and aluminum-rich clays in the B horizon. In the mid-latitude areas where the annual rain-
ful exceeds 83 centimeters {25 inches) most of the soluble materials, such as calcium car-
bonate, are leached from the scil and carried away by underground water. The less soluble
iron oxides and clays are carried from the A horizon and deposited in the B horizen. giving
it a brown to red brown color. These soil are best developed under forest vegetation where
large quantities of decomposing organic matter provide the acid conditions necessary for
leaching. In the United States pedalfers are found east of a line extending from northwest-
ern Minnesota to scuth-central Texas. Pedocal is derived from the Greek penden, meaning
“soil”, and the first three letters of calcite (calcium carbonate). As the name implies, pedo-
cals are characterized by an accumulation of calcium carbonate. This soil type is found in
drier western United States in association with grassland and brush vegetation. Here. rain-
water percolating through the soil often evaporates before it can remove solubie materials,
chiefiy calcium carbonate. The result is a whitish accumulation cailed caliche, In addition,
since chemical weathering is less intense in drier areas, pedocals generally contain a smaller
percentage of clay mineral than pedalfers. In the hot and wet climates of the tropics soils
called laterites develop. Since chemical weathering is intense under such climatic condi-
tions, these soils are usually deeper than soils developing over a similar period of time in
the mid-latitudes. Not only does leeching remove the soluble materials like caleite, but the
great quantities of percolating water alsc remove much of the silica, with the result that
oxides of iron and aluminum become concentrated in the soil. The iron gives the soil a dis-
tinctive red color. When dried, laterites are very hard. Tn fact, some people use this soil
for making bricks. If the parent rock contained little iron, the product of weathering is an
aluminum-rich accumulation called bauxite. Bauxite is the primary ore of aluminum.

Since bacterial activity is very high in the tropics, laterites contain practically no hu-
mus. This fact, coupled with the highly leached and bricklike nature of these soils, makes
laterites poor {or growing crops. The infertility of these soils has been horne our repeatedly
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in tropical countries where cuitivation has been expanded into such areas.

In cold or dry climates soils are generally very thin and poorly developed, The reascns
for this are faitly obvious. Chemical weathering progresses very slowly in such climates.
and the scanty plant life yields very little organic matter.

{From Earth Science, 1976, pp32—40)

New Words and Expressions

1. inanimate [in'zmmit] a. TTHEAH 24. prevailing [pri'velin] a. S8R, EEH . &
2. convertrerores A AE R HE)
3. intermediary [yinte () 'midjeri] n. 4 (810 | 25. pedaifer [pidelfa) n. #08H +
4. assimilate [a'simileit] v. WU 26. pedon ['pedaun] n. (EHIE) 1%
5. with few exceprions A H S 27, mid-latitude areas MK
. regolith ['regalib: n. ML ¥L 3L 28. annual rainfall EREF B
7. disintegratc [dis'intigreit] v. ({5} Bi#%; 478 | 29, red brown color BZL&
&, horizontal layer KPR ’ 30, pedocal ['pedekel] n. HEHEL
o, collectively [ka'lektivli] ad, JL[F#h 31. in association with H--B4. S-HxFE
10, label ['leibl] n., ve. BRiEs 778 #E; 8¢+ | 32. brush vegetation MMIEHY
A R 33, whitish ['waiti]] a. #HEAM
11. surface soil FL 34. caliche [ka'lizfi] n. fEEE; GHEE: £
12. as a consequence I 35. tropics ["tropiks] n. W
13. leach [Htf] v. Hig 36, laterite [letorait] n. #L1: FH40H
1%. percolating water ¥FEAK, ik 37. with the result that-- Z5H; BH: WM
15. subsoil ['sabsoil] n. 1y O+ 38. bauxite ['baksait] n. 17
16. considerably less so thar 2518 % 39. primary ore JREFH
17, solum [‘sgulam] n. B 40. humus [‘hjwmes] n. JER &
18. parent material R 41, coupled with Fl--BEG: &4
19. litdle if any JLEHEH 42, bricklike narure  2SLUFE A HE E
20. blend [blend} v. #E# B BHM—& 43. infertility [iinfattiliti’ n. #{HF
21, furthermore [a:do'mo:] ad. M H; s 44. bear out ¥E3E, WERH
52. immarure [ imea'tiua] a. XNAER; BE A 2M; | 45, cultivation [ kalti'veifon” n. 8, #HEF
FREM BN 46. scanty ['skenti] a. F#ARI: H:D#; BE
23. suip away  BIE: Bk #

Notes to the Text

1. Then, plants carry cut their role as the great intermediary, assimilating the necessary
elements and making them available to animals and people.
miE, MBESEXHETERI TN EMNER. EREBICLENTER, FERRET
EERATIMMAZ.
“as the great intermediary” HEIFEFME . “assimilating-+” F “making---" R HR
B A ETE, 1F h BB R FOR R, R B R — AR

2. However soil is more than an accumulation of loose rock debris. Soil is a combination of
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mineral and organic matter. water, and air, that portion of the regolith that supports
the growth of plants, {HE2, L#ARE~FHLESAHBREERY, MEVH. 1
. KMZESHE S, DXEERERHIRRTERZL.

“that portion=--plants” 2 F18 “soil * §4 B iE , b8 5 H F85 7 “thar is”; “that supports
~plants” HEIBM D).

Exercises

Questions for review.

1} What is the difference between soil and regolith?

23 Which of the horizons in a soil profile constitute the solum?

33 Under what cireumstances do soils lack horizons?

1) Soils formed in the humid tropics and the Arctic both contain little organic matter.
Do hoth lack hurnus for the same reasons?

5) Why can the oxides of iron and aluminum become concentrated in the soil?

(Choose the correct term given in brackets to complete each statement.

1) With few exceptions, the earth’s land surface is covered by
a. soil b, solum c. regolith

21 The uppermost layer in a soil profile is often called
a. the subsoil b. the true soil ¢. the surface soil

3) _  are characterized by an accumulation of calcium carbonate.
a. pedalfers b, pedocals c. caliches

4) If the parent rock contained little iron, the product of weathering is an alumium-rich
accumulation called
a. laterite h. bauxite c. clay

5> reflers to the downward slipping of a mass or rock or unconsolidated material
moving as a vnit along a curved surface.
a, slomp b, rockslide ¢, mudflow

Write one complete sentence in English for each term listed below:

soil solum pedalfer

caliche laterite pedocal

Translating the {ollowing passage nto Chinese;

One of the spheres of exploration activities that has received increasing attention in
the context of environmental protection is pollution—its prevention, detection. enntrol
and monitoring. Studies related to pollutant transport, filtration and attenuation charac-
teristics of the ezrth materials and isclation of the pallutant from the biosphere till its
degradation or dilutian to safe levels. require information on the hydrogeological envi-
ronment. Hydrogeological evaluation of the feasibility of a site for safe and cost-effec-
tive dizposal of wastes aims at determining the mineral composition, texture and perme-

170



ability of the materials involved, geology and structure of the formetions. distributon

of ground water heads, and the quality of interstitial formation water. Hydrogeological

investigations of pollution problems rely on many of the same techniques adopted in

ground water exploration. Whereas in normal ground water investigations the diztnbu-

tion of permeable zones is of importance, in problems of pollution the low permeability

units, which can act as barriers to pollutant transportation, and the unsaturated zone.

which can retain pollutants for long periods, can be very significant. An analysis of the

ground water flow system will give an insight into the possible direction of pollutant

movement and in identifying zones that are likely to be free from pollution, Such studies

will also indicate zones that can serve as safe repositories of wastes.

5. Translate the following sentences into English

D EESARTRERER, LEE-RREHY. BEERETEHH.

2) EMHMENHFEE, LREGTHRE.

3 RBEBENRSL. B LEERINEREW TR FEs.

4) HEREHHEE, ETPEEERYLE 16008, M, FERBNBIERE
e, MEGKHBHTMAEUERE.

5) I EMmakyBehFE, M FAR—TRIEE,

6) BRAE/KF{RLREY RTREREL S P RAERY i, 0 Hk 88 RS A0 1 45 45 o 1 bR el
.

Reading Materials
(A) Mass Wasting

Periodically newspapers carry stories relating the terrifying and often grim details of land
slides. On Friday, June28, 1974, the papers carried such an account when a massive land-
slide occurred along a steep hillside in the Andes Mountaias of Columbia. A prasant de-
scribed 1t this way: “The earth began to rumble like when thousands of horses gallop on
the range. ” Wimesses said the rock and debris covered more than 875 meters (2100 fect)
of the twisting high way zt the base of the slope and “pushed around tractors and other
heavy equipment like toys. " Officials estimated the dead at more than 200. Since the land
siide also dammed a river, there was also the threat of flooding. Certainly for those in the
vicinity of the landslide it was a major catastrophe. Fortunately, mass movements such as
this are infrequent and seldom affect many people.

Landslides are spectacular examples of a normal geologic process called mass wasting.
Mass wasting refers 1o the downslope movement of rock, regolith, and soil under the direct
influence of gravity. Once weathering breaks up rock, gravity pulls the material 1o lower
elevations, where streams usually carry it away, eventually depositing 1t in the ocean. In
this manner the earth’ landscape is slowly being shaped.

Although gravity is the controling force of mass wasting, other {actors play an impor-
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tant part in bringing about the downslope movement of material. Water is one of these fac-
tors. When the pores in sediment become filled with water, the cohesion between the parti-
cles :s destroyed, allowing them to slide past one ancther with relative ease. For example,
when sand is slightly moist, it may stick together quite well. However, if more water 1s
added, filling the openings between the grains,the sand will ooze out in &ll directions. Thus
saturation reduces the internal resistance of materials, which are then easily set in motion
by the force of gravity. When clay is wetted , it becomes very slick--another example of the
“lubricating” effect of water, Water also adds considerable weight to a mass of material.
The added weight in itseif may be enough to cause the material to slide or flow downslope.

Oversieepening of slopes is another cause for many mass movements. There are many
situations in nature where this takes place. A stream undercutting a valley wall and waves
patnding against the base of a cliff are but two common examples. Furthermore, through
their activities, pecple often create oversteepened and unstable slopes that become prime
sites lor mass wasting.

The various types of mass wasting have been classified vsing a number of schemes.
some of them quite complex . For our purpose, we shall divide them into two caregorics
based on the rare of movement. Some mass movements are rapid, as the landslide described
earlier. An extreme example is a landslide that occurred at Elm, Switzerland, in 1881, The
rock and debris in this slide moved over 2500 meters (800 feet) in less than one minute--
2 mean velocity of about 160 Kilometers {100 miles) per hour. In most instances, however
velocities are considerably less than this. On the other hand, some types of mass wasting
are so slow that the movement is imperceptible. These slow movements, which include
creep and solifluction, are measured in terms of centimeters or meters per year.

Landsiides: l.andslides may be divided into two basic types: slump and rockslide.
Slump refers to the downward slipping of a mass or rock or uncensolidated material mov-
ing as a unit along a curved surface. This movement usually results because a slope has
been greatly steepened , either naturally or by people,and , as expected , the material reacts
to the pull of gravity.

Rockslides occur when blocks of bedrock break loose and slide down a slope. Such
events are among the {astest and most destructive of mass movements. Usually rockslides
take place in a geologic setting where the rock strata are inclined, or joims!and fractures
exist. parallel to the slope. If the rock is undercut at the hase of the slope it loses support .
and the rock eventually gives away. Sometimes the rockslide is triggered when rain or
melting snow lubricates the underlying surface to the point where friction is no longer suf
ficient to hold the rock unit in place. As a result, rockslides tend to be most prevalent dur-
ing the spring. when heavy rains and melting snow are generally greatest. Earthquakes are
another mechanism which often triggers rockslides and other mass movements. The 1811
earthquake at New Madrid, Missouri, for example, caused landslides in an area of more
than 13. 000 square kilometers (5000 square miles} along the Mississippi River vallev.
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Mudflow: Mudflow is a type of mass wasting which involves a flowage of debris con-
taining a large amount of water. Mudflows are most characteristic of canyons and gullies in
arid mountainous regions. When such an area expericnces a heavy rain, large amounts of
sediment are washed into the channel from the valley walls, which usually have litdle or no
vegetation to anchor the loose material. The end product is a rapidlvy moving mass of mud
having the consistency of wet conerete. Because of its high density thie mudflow can carry
large houlders with ease. Upon reaching the mouth of the canyon the mudilow spreads
out.

Solifluction; In the frigid zones found at high latitudes solifluction is of major impor-
tance, In such regiors only the ice in the upper [ew meters of regolith melts during the
spring and ~ummer - while the ground below remains permanently frozen. Since the water
in the upper zone has nowhere to go, this layer remzins saturated and slowly flows down
even the gentlest slopes. In this manner the overburden is removed and the unweathered
rock below is exposed. When the newly exposed rock is eventually weathered. it too will
he remaved by solifiuction,

(From Earth Science, 1976, ppA0—-45)

New Words and Expressions

1. mase wasting TREAHE, WHER 21. break up WEE, WIR
2. terifving [ 'rerifaiin] . WAHS; FJEH 22, play an important part in  {E-- 5 & H & {E
3. grim Ugrim] «. ™RE#,; TEH: RES By st-EEEEH
4. landslide ['lendslaid) n WA BF: BE 23. cohesion [keu'hizen] n. ¥tk HE A
5. massive ['masiv] n. HURH 24. slide slaid] v, ({#) ESh
6. hiliside [‘hil'said? n. [LAE: ¥ 25, stick [stik] v. #ifE
7. the Andes Mountains ZHRERTIF (B3EH) 26. ooze [wz] n.. v. H9B: BH, &
8. Columbia [ka'lambia] n. FHEE (EBBT) | 27. lubricate [Nu:brikeit] v. {SE71E#
§. rumble 'rambll v. () W 28. lubricating ['lubrikeitin] a. #E¥EHN
10. gallop ['gzlop] n. KBi; %3k 29. oversteepen [‘ouva'stizpan]v, ({F) 415 FHEM .
11. range [reinda] n. EC4XE; Whk: X A FithE. oversteepening n. HIWEFEH fBE
12, witpess ['witnis] n, 4% EF: EA; i e
# 30. undercur ['ande’katr] v. Hafh; EEW; BRIE: K
13. debris ['de'bri] n. B hs WA BE LR ]
14. twisting ['twistin] a. JEFE 31. pound [paund] v. #%, Ef: &
15, equipment [i'kwipmani] n. ¥%&: #& 32. Elm ®BFRE (3E)
16. dam [dem] ., ve. K30, 10§ FEA (B | 35 Switzerland ['switsalend] n.
17. threat [Bret] n. S 34. on the other hard  H—HH
18, catastrophe (ka'tmstrafil n, KR HE: K#: & | 35 imperceptible [impa'septabl]a. MELIEKEN: B
% WA

19, infrequent [in'frikwont] a. ®R; AFHH | 36. creep [krip) n. ¥, 3
20. spectacular Tspel'teekjuls] 2. JEILAY: TR ARY; | 37. solifluction [soli'flakfen] n. JEi (FEAD
EIPN =0 | 38. slump [slamp] n. B#H; B8 BIHVE
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8 rockshide ['rak'slaid] o FiiR | 50. Misscuri [mi'zveri] n. #3HE (ZEMHE)
aw expecied  TBEREE . DM Ra--FF ! 31, Mississippi River &5 47 Ho il

L. oreact to X e hE Afe BERE (HEHD 52. mudflow ['madflen] n. A

- destructive [dis'mrakriv] o BEER (45D 1 53, flowage ['flauidz] n. Wz

15 geologic setting  HhF£F 5t

It inchne Cin'klain]

o fEWE: B, #HE oS

54. canyon ['kenjon] n. BEH

gully ['gali] n. i

15 give away MK ‘ 56. anchor ['mpke] v. 1B, (& KE .
6. ingger ['eriga] v. M. WAE: 38 J 57, consis:ency [kon'sistensil n. F¥ (B); BT
17. presslent |'prevalont: o, ey, &iTHy | 5 e

18, mechamism [‘mekanizam ! n. ¥l#&1; W18 I 58. concrete ['konkrin] n. A&+, BEYW

15, New Madrid 5. FHTER (fF) | o9, frigid zone R

(B) Geotechnical Investigations

Ground water is an unfavourabie factor to the stability of engineering structures and land-
mass. Ascertaining disposition of permeable channels .potentiometric heads and engineering
properties of subsurface materials when wer and dry is essential in understanding geotech-
nival problems related to hydrogeology. A brief mention of some of these aspects is made
below; for a derailed treatment of the subject Krynine and Judd (1957) may be referred.

Sites for reservoirs and foundations of dams should be watertight. Pervious layers
such as sandstone. buried channels, cavernous zones, faults and joints within the reservoir
rim and dam site should be investigated as to their propensity for causing leakage and loss-
¢s from the reservoir. Presence of springs, artesian conditions and below-normal ground
water temperatures on the downstream side of dam site may indicate the existence of sub-
terranean passages for jeakage from the reservoir. Ground water divides within the reser-
voir rim will also ivdicate possible reservoir losses. Influent streams with deep water tables
and permesble subsurface materials are not favourable for siting storage reservoirs as seep-
age losses will he heavy.

Shallow water tables should receive considerable attention if an engineering structure
ar a part of it extends to subsurface. A knowledge of ground water level fluctuations and
positions is essential for determining uplift pressures on the floor and feundation of strue-
tures. The water levels can be measured at regular intervals in piezometers or existing wa-
ter table wells. Investigations for achieving subsurface drainage should aim at establishing
specific vield, permeability and thickness of saturated materials and the depth to which it
must be drained,as also the source and direction of flow af ground water. Figure illustrates
two types of drainage installations suitable for selected hydrogeological conditions. A bat-
tery of wells is required to lower potentiometric surfaces to great depths over wide areas.
As large-scale ground water withdrawal from areas underlain by compactible sediments re-
sults in subsidence . the pumping pattern should be investigated as to its elfect on engineer-
g structures,
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Figure Subsurface drainage installations (A) horizonally laid perforated
pipe (tile drain} and (B} vertical drainage to 4 lower aguifur

In certain environments, it may be necessary to evaluate the chemical qualizy of water
as it will determine whether the interstices in the rocks through which water moves are
likely to be enlarged due to solution. or closed by cementation. Acid waters will not only
ecnlarge existing cavities in carbonate rocks, but also leach caleium from cernent and con-
irete aggregates.
(From Hydrogeology, pp230—232)

New Weords and Expressions

1. geotechnical [d3iau'teknikal ] 2. +T_#; ¥1+8 | 12. propensity [pra'pensitis n. (i f]
2. unfavourable [an'feiverabll a. RFRY: FEH | 13, leakage [Mikidz] n. B

1 14, below-zormal HRHEELRL T 04
3. stability [sta'bilii} n. $5EH 15, downstream ['daun'strim] n. , a. NI (@)
4. landmass ['lendmees] n. MR, Bk T#§ i
3. ascertain [eesa'tein] vt. P, 74 16. influent {'influent] a. # ARY; i AGY
6. disposition [dispa'zifon] n. #F3; 40FE: S5%, | 17, uplift Taplift] n. LT+, BEE

HF) . 18. piezometer {paia'zomiral n. ZKJf i+
7. mention ['menfan] v.. n. A 19 aim ar  JHNE; 158
8. watertight ['woietait] a. FEFKE: MEAKH 20, installation [instaleifon) n. %8 #&
9, pervious layers EKER 21. battery ['batori, n. Hp

22. compactible [kompektabl’ a. [ LK
23. aggregate ['smgrigit] o. HEOE

10. rim (rim] n. jh&
11, asto ®--THiE: 8, EF
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Lesson Nineteen

Text
Geophysics

The consumption of mineral raw materials in the world is increasing year by year. Their
scarcity is essentially responsible for the fuel and raw materials crisis which the world has
faced since the seventies. This situation requires that geological surveys be undertaken to
exploit raw materials from local sources as effectively as possible. These will concentrate
on depesits at increasingly greater depths and in new, non-traditional areas, Classical geo-
logical survey methods are no longer sufficient, they must be supplemented by new pro-
gressive methods, among which appiied geophysics has an important place.

Geophysics is & boundary scientific discipline which draws on new discoveries in geolo-
gy and physics.and on the modern methods of mass data processing. It is closely associated
with seismology . geothermics, tectonophysics, structural and general geology and other ge-
ological disciplines, whose findings it both exploits and supplements, Applied geophysics
has the character of an applied science. Tt deals with those physical fields of the Earth
which are important for determining the geological structure of the crust and upper man-
tle, for prospecting , for raw material deposits, or for other geological activities (engineering
geology, environmental geology , hydrogeology, ete. ). Applied geophysics is divided into
individual disciplines depending on the physical principle and nature of the field which is
being surveved. The gravity field is studied by means of gravimetric methods, the magnetic
field by means of magnetometric methods, the geoelectric field by means of gecelectrical
methods. the field of elastic waves by means of selsmic methods. the radioactive field by
mezns of radiometric methods and methods of nuclear geophysics, and the thermal field by
means of geothermic methods.

The Earth’ crust is an inhomogeneous medium, formed by individual blocks and
these, in turn, by rocks of various origins and geological ages. The different physical prop-
erties of the rocks, or of the tectonic blocks (density, magnetic susceptibility, resisuivity,
radioactivity and nuclear properties, thermal conductivity and elastic parameters) affect the
physical fields of the Earth locally. We are thus able to nse the changes in the physical
fields of the Earth to determine inhomogeneities in the Earth’s crust (structure, occurrence
of raw-material deposits, ete. ).

In interpreting geophysical data we frequently encounter the terms direct and inverse
problems. In solving the direct probiem we seek to determine the effect of a disturbing body
of known size, shape, depth and physical properties on the corresponding physical field
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(e. g. + the effect of a regular geometric body of known differential density and suscepribili-
ty on the gravity and magnetic field of the Earth). This problem is always unique. In solv-
ing the inwverse problem we seek to determine the disturbing body corresponding to an
anomaly in a physical field, This problem is usually ambiguous. To render it unique, it is
necessary to use a combination of several geophysical methods or supplemental geological
information.

Depending on the conditions and manner of surveying, several alternative forms of the
geophysical methods may be used: airborne, ground, mining. drilling, submarine, etc.
Each of these alternatives has its instrumental, methodical and interpretational peculiari-
ties. From the point of view of the epplication of geophysical methods, we distinguish be-
rween methods for investigating the deep structure of the Earth’s crust and problems of ge-
ological structure, geophysical methods for surveying raw-material deposits, geophysical
methods for engineering geology and mining. geophysical methods for hydrogeology ., ete.
(From Introduction o Applied Geophysics; Introduction, ppll—12)

New Words and Expressions

. consumption [ken'sampfani n. J%E: @R FEEM; EHS8: RE—M

craw [ra] a. R RMIH: LFEHRKEM | 17. susceptibility [sasepti'biliti’ n, LK, W E

. scarcity ['skeasitis n. #Z; RE; ®b: FL ®

. geophysics [d3i () ou'fiziks] (B n.. a. (8 { 18. resistivity [rizis'tiviti] n, BLEHSK
OB, MEWAEESR 19. radioactivity [reidiouak'tivii] n. #cht#s; #at

5. discipline [disiplin] n. &4 K& : P& ¥8 (&>

6. draw [dro: | (drew [dru s drawn [drom]d v. 9] | 20. nuclear ['njuklial a. R-FEM: RTEHEMH

AW e e

£ H¥: ¥H: #K 21, conductivity {kondak'tiviti] n. 533, {$534%
drawon Wby Bk, WK R E R 22. parameter {pa'remita] n. B, M
7. seismology [saiz moladzi_ n. HE%¥ 23, inhomogeneity [inhomoudze'nititi] n. AR 28,
8. geothermics [d3i (:) ou%s:miks] [M] n, [ ENGE
¥ Hrg 24, direct [ditrekt] a. HHER; EMH
9. tectonophysics [reli'tonalisks] [E- n. [#¥] | 25. inverse [in'vas] a. *ﬁ]iiﬂ. HEE, R#: R
10. findings [Mamdnz, (& ] n. HEWER 26. geophysical [dgi (1) ou'fizikal] a. HIFRWGHY
11. gravimetric ‘gravi'metrik] o, METEEHN: & B
A 27. encounter [in'kaunta’ vi. Wi, AE
12. magnetometric [magnitou'metric ] a. MERES | 28. disturd Tdisterb] vt. T T FE
#y @A 29. anomaly [onamoli] n. &%
13. geoelectric [dzi () ouilektrik | a. HueL Ay, gravity ~ EHITRH
=i 4] 30. submarine ['sabmariin] a. KFH 1 KES; &
14. geoelectrical [d3i () oui'lektrikal] a. HiELHY TE

15. radioactive ['reidiousktiv] a. HEI#:AY; HE | 31. peculiarity [pikjuliseriti] n. MR HE; #
ElF il 3
16. inhomogeneous ['nhoma'dzunjes]a. AR 2K | 32, distinguish [dis'tigpgwif] vt. E#1; ER; HH
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33. borehole ['bochoul] n. #4. il
34, geochemist [d3i ¢:) ou'kemist] n. MeEKfL2E® | 37. ambiguous [eem'bigjues’| a. FREH H R & &/
35, crisis ['kraisis] ¢ [& ] crises ['kraisiz]> n. & WEN; BEXTHAM

Hl 38. render ['renda] vi. M, . HF: BEt
36. methodical [me'fadikal] a. HH LN HEE

Note to the Text

+» whose findings it both exploits and supplements,

B RERA LA A T X R B AR

Writing Guide
Abstract Writing (D)

1. BEAEER

BERIHE, MeHPXREY, NEEZZH, WHEERAFLTHNE. K
ARRN ES. k. MARRARRLED.

BERHEE XA THEREEENTFILE .

1) BRFEME, TR EHN—BEL, RAERRFRCRENERFE
F#eH . B AV B RIS HE W % 1000 ER R RF B B 300~ 5000 words E PIERE R
T3 E BR300~ 500 TR BF BB ET

2 RUEEZAKEE, #EAS—AREERE BAEAE - AKREERE M AR
R,

3 EXWMERLHMK. . k. HEHTEERH ALY, REEHREL. REXE
FH.TRESE ., ASYAEHRETEES.

4) Pest s F A, ki, BR. 2 XMRE. ASAANTFRRNESF.

5) WEPTHEAET R, FXRY, REEFR, FEEREEI~-8MI KRR
(key words),

2. HXMHEMERE (Title Writing)

D EHEHANSHENERUTILE:

a. BE BRI - AHARER N EAFEEANE - ERRERT . S0 H. 2
FEANALHE - FREOEAE. FETOHEEHG A FREAS M8 T8
w204 E- TSR T4 RET WH S TN E - ENE TR LIRS,

b BHEEROEHER AREHS, HRERSS,. BAIFERERTS.

e HB-BFGHERAET, RERNEMALAEE, RS, ¥, &,

) REH A EEER,

KT ERERCEE N EE TS, LA LN EE R ARAAEDT .

a. XXX XHHR

A Study on--
The Swudy of---
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A Study of thes
b, XX X X X X ¥EHE
Preliminary Study of-
o KE XXX XHEFHER
Recent Advances in**+
d. XX X X OEET
Exploration on+=-
A Study of-
Study on---
Investigation onss:
e, KKK XK X BRI
The Application of+
Application ofto-
f. XX XXX HEEENE
Method of~-and its Application
g X XXX LA [REER
Some Problems of
h. XX X X X XH#E
Discussions one»
bR X X TR A
A Brief Description of---
YOO X X X HELR LA B R RS
Present and Future Trends in (of) --

3 el S T IR AL e,

B G TR S R R A R4 R 1958 2 H LLH B~ AKS
TR AW LR QUERE TR A FHERNEE RERENELEN. LA
BREHE - SRYNAT, BPHE—. FIIFRFRALHENRSW. AL, RB
. WE % Wu Yonggiang, FEER Wu Yong-giang, HABHKRIMEM Yongeiang
Wuof’ﬁﬁﬂﬁi&@ﬁiﬁﬂﬁ“FEE*%—'EJJF%B‘JIWﬁﬁE%E-“ﬁEqu’FﬁﬁiﬁiH\fl\ik
ERBE, ERSRRTE, RERRNTEER, B ¥, WRM. HE L8 AR
FREEE, RULBESERFE. B, 2. TEAUILT TR L.

1 A Study on-+ (iR

Su Pu
Department of Geology, Shanxi Mining College China

2 Recent Advances in+ (§R3)
Wu Yonggiang
Geological Institute, The Chinese A cademy of Sciences, China
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1.

3 Preliminary Study--- ({58
Lei Fang
Yong Dingzhuang Colliery, Datong Bureau of Mines, China

Exercises

Questions for review;

1) How many disciplines can applied geaphysics be divided into?

2) Why do we need to look for new progressive exploiting methods?
33 What method can exploit the earth’s field of elastic waves?

4) Does the direct problem have unigue solution?

3) How can we render a unigue solution for inverse problems?

Give the Chinese/English equivalents for the following:

1) in response to 6) IV FHi Rt
2) natural resources 7r AR
3) both in performance and economy B) BERH

4) to put to use in mining exploration %) EHERE

3) to be associated with inverse problems 10) Fr&tie
Choose the correct form from the following adjective phrases:
capable of typical of free of

full of essential to proportional to

responsible for good at dependent on

1> He is-+-mathematics,

2} This line is---that.

3} This angle is---that.

4) Oxygen is-life.

5) Such compounds is+-living things.

6) When quartz in the earth’s rocks wears away . or erodes, the small particles of quartz
are very-+-the original quartz minerals.

73 Sedimentation, in a strict sense, refers to the processed ---the formation of sedimenta-
ry rocks

8)Every particle in the universe attracts every other particle with a force that is directly
ss+the product of their masses and inversely =~*the square of the distance between
them.

Translate the following passage into Chinese:

Investigations of the physical properties of the earth and internal processes are
called geophysics. The geophysical techniques most widely employed for exploration
work are the seismic, gravity, magnetic and electrical methods. Less common methods
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involve the measurement of radicactivity and temperature at or near the earth’s surface
and in the air.

Some of these methods are used almost entirely in the search for oil and gas. Orb-
ers are used primarily in exploring for solid minerals. Most of them may be employed
for either objective, Seismic and gravity prospecting are main toals for cil exploration;
electrical methods are predominantly used for coal and mineral exploration; magnetie

methods are employed for both types of prospecting.

5. Choose the best answer;
1) Did you blame him for his nustakes?Yes, but __it.
a. I'd rather not do b. I'd not rather have done
c. I'd better not done d. T’d rather not have done

2) You cught to have gone to see your uncle yesterday. Yes, I

a. should b. ought to c. would to d. should have
3) What are you taking next term? [ don’t know, but it’s time something.
a. 1decide b. I decided c. 11l decide d. Dd decide
4) We can’t go out now. It's too rainy. T wish the rain 500M.
a, stop b. will stop c. would stop d. to stop
5) What advice did your grandfather give you?He suggested that I to learn from
the people.
a. am b. be c. was d. would be

63 Thd you call to make you airline reservation?Not yet. bur I

a. should have b. may have c. must have d. shall have
7 1f only she could get her feet on sumething solid, she _ able 1o break cut of the
swift current.
a. might have been b. might be c. were d. shall be
8) 1 by ship, but T didn’t have encugh times.
a. would like to come here b. would like to have come here
¢. would rather come here d. would rather to come here

6. Translate the {ollowing sentences inte English;
1 AT HENT YRR TEE, R SR I O R B SR
2) HUERIIR IS B R R S AR .
3) o7 AT #t Bk 2 1R AT S LA B BRS04 T R 9 9 LA 32
4) TEFREHLBRY I PO AT, R ATER R 2B I i [ A A0 S R
5 fEHCHIHLIE AR T A R BiIRER G M B R MR E,

Reading Material
Principles of Applied Geophysics

Geophysics is the application of the principles of physics to the study of the earth. Strictly
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speaking the subject includes meteorology » atmospheric electricity , or ionosphere physics
but in this monograph the word geophysics will be used in the more restricted sense . name
Iy the physics of the body of the earth. The aim of pure geophysics is to deduce the physical
properties of the earth and its internal constitution from the physical phenomena associated
with it, for instance the geomagnetic field , the heat flow, the propagation of seismic waves .
the force of gravity, ete. (n the ather hand. the object of applied geophysics. with which
this menograph is concerned, is to investigate specific, relatively small-scale and shallow
features which are presumed to exist within the earth’s crust, Among such features may he
meationed synclines and anticlines, geological faults, salt domes, undulations of the crys-
talline bedrock under a cover of moraine , ore bodies,clay deposits and so on. Tt is now com-
mon knowledge that the investigation of such features very often has a bearing on practical
problems of cil prospecting, the location of water-bearing strata, mineral exploration.
highway construction and civil engineering. (Mten, the application of physics, in combina-
tion with geological information, is the only satisfactory way towards a solution of these
problems.

The geophysical methods used in investigating the shallow features of the earth’
crust vary in accordance with the physical properties of the rocks—the last word is used in
the widest sense—of which these features are composed . but broadly speaking they fall in-
to four classes. On the one hand are the static methods in which the distortions of a static
physical field are detected and measured accurately in order to delineate the fearures pro-
ducing them. The static field may be a natural field like the geomagnetic. the gravitational
or the thermal gradient field. or it may be an artificially applied field like an electric poten
tial gradient. On the other hand , we have the dynamic methods in which signals are sent in-
1o the ground, the returning signals are detected, and their strengihs and times of arrival
are measured at suitable pomnts. In the dynamic methods the dimension of time always ap-
pears. in the appropriate field equations, either directly as the time of wave arrival, as in
the seistmic method, or indirectly as the frequency or phase difference, as in the electro-
magnetic method. There is a further, now considerably important, class of methods which
li¢ in hetween the two just mentioned. These will be called relaxation methods. Their fea-
ture is that the dimension of time appears in them as the time needed for a disturbed medi-
um te return to its normal state, This class includes the overvoltage or induced polarization
methods. Finally there are what we may call integrated effect methods.in which the deteci-
ed signals are statistical averages over a given area or within a given volume. The methods
using radioactivity fall in this class.

The classification of geophysical methods into ground . airborne or borehole methads
refers only to the eperational procedure, Tt has no physical significance. Many ground
methods can be used in the air, under water or in boreholes as well.

The magnetic. cleciromagnetic and radinactive methods have been adanted to geophy

sical measurements {rom the air. Airborne work has certain advantages. Firstly . on account
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of the high speed of nperations an aerial survey is many times cheaper than an equivalent
ground survey ,provided the area surveyed is sufficiently large .and secondly ,measurements
can be made over mountains, jungles. swarnps, lakes, glaciers and other terrains which
may be inaccessible or difficult for ground surveying parties.

Compared with ground work, airborne measurements imply a decrease in resolution
which means that adjacent geophysical indications rend to merge into one another giving
the impression of only one indication. Besides, there is often considerable uncertainty about
the position of airborne indications so that they must be confirmed on the ground hefore
undertaking further work such es drilling.

In a sense. applied geophysics, excepring the seismic methods, is predominantly a sci-
ence suited to flar or gently undulating terrain where the overburden is relatively thin., The
reason is that whenever the relief is violent, the data of geophysical methods need correc-
tions which are frequently such as to render their interpretation uncertain. ©On the other
hand ., when the overburden is too thick the effects produced by the features conceuled un-
der it generally lie within the errors of measurement and are difficult to ascertain. There is,
however. no general rule as to the suitability of any terrain to geophysical methods and ev-
ery case must be considered carefully on its own merits.

The various methods of applied geophysics will be dealt with in rurn in the following
chapters.

(Fram Principles of Applicd Geophysics: Introduction. ppl 3D

New Words and Expressions

1. meteorlogy [mitja'roladzi] n. S I 12, moraine [mo'rein] n. K@l K2
2. ivnosphere [a'onesfin] n. B2 {18, gravitational [grevi'teifonsl] a. 3l @ &N
3. monograph ['monagra:f] n. HHLE, THE id]
£ 14. gradient ['greidjant] n. HE
1. geomagnetic [d3i () oumag'netik] a. MBEAY | 15, relaxation [rilek'seifon] n. Hi: M@
5. presumed [pri'zjumd] a. EH 16. radioactivity [reidiouak'tiviti] o, AF9HEE: B
6. anticline [‘endklain] n. ¥ n&
7. dome [doum] n. @ 17. airborne [‘eabain] a. “EPy; TiEM
undulation [andju'leifan’ n. E®K; HiR 18. elecrromagnetic [ilektroumseg'netik] a. B @AY
9. prospecting [praspektin] n. ¥ ; EE 19. radioactive [reidiou'sekeiv] a. Fr8HEM
1% bearing ['bearig] n. Wi, X & 20, aerial [earial] 2. HiZE@Y
11. strata ['strata) oo (H) HE 21, undulare [andjuleit] v. #3E0; &k
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Lesson Twenty

Text
Geoelectrical Methods

The study of electric fields and currents in the Earth is one of the youngest geophysical
disciplines. Although the first steps in applying geoelectrical metheds to geology were al-
ready made more than 100 years ago(prospecting for sulphide deposits using the self-polar-
ization method), the study of geoelectricity only began to develop at the beginning of this
century.

A large number of methods . some of which have a number of variations, are used to
study gevelectricity. This fact is favourably reflected in the wide range of geological prob-
lems . solved by geoelectrical considerations. With the aid of gecelectrical methods we are
able 1o differentiate between racks according to their resistivity, permitrivity and electre-
chemical activity.

reoelectrical methods can be classified Trom a number of points of view. The field
studied may be D. C. or A. C. (with a wide range of frequencies).harmenic or non-harmon-
ic, natural of man-made. and measurements can be made on the ground. in an awrcraft. in
a borehole, a&s well as in a mine,

(ieoelectrical methods which are used to investigate the distribution of the electrical
potential or potential gradient of a direct current are referred w as D. C. methods. The
most widely used [}, C. method is the resistivity method. In field measurements, current
[ is passed through the ground by electrodes 4 and B, and the potential difference 4V is
measured between the electrodes M and N, The resistivity of the medium is calculated
frem the gquotient of the valves AV/I using a modified Ohm’ law. If the distances beiween
the eiectrodes do nat change and we move the array along a profile, we speak of resistivity
profiling. This is useful in mapping rontacts of rocks with different resistivities,in locating
couductors, thin non-conductors vete, ¥ the centre of the electrode array remains stationary
we speak of vertical electrical sounding. This serves particularly for studying horizontally
stratified media which we may expert. e. g.. in sedimentary basins.

An importam group of I, C. methods are the potential methods. As in resistivity
methods, current is passed through the ground via current electrodes and the distribution
of the potential or potential gradient on the Earth’s surface 15 measured with the aid of the
measaring or potential electrodes. These include, e, g. + the charged body method (or mise-
a-la-masse method) in which the conducting ore body, penetrated by a borehole or shaft.
serves as one of the current electrodes.
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Electrochemical methods have proved useful in searching for natural conductors of the
Is1 order. In the self-polarization method we measure the natural . . electric [ields gener-
ated spontaneously, e. g. . above sulphide deposits as a result of oxidation reduction pro-
cesses. Il the conditions for ihe generation of a self-polarization field are not satisfied. e.
g. »due to the large depth of conducting bodies ,or the unfavourable structure of conducting
minerals (disseminated ore mineralization), the object we are looking for can be polarized
artificially by inteasive current pulses. We then speak of induced polarization,

Electromagnetic methods are very varied and numerous. In comparison te . . and
electrochemical methods they have substantially more complicated theoretical foundatons,
They are used to investigate variable electromagnetic fieids, natural and man-made. har
monic and non-harmonic and of low and high frequencies. Their great advantage is that
they mostly de not require galvanic connection to earth and, therefore , they can be used for
surveying from a mobile station. Electromagnetic methods are widely used in complex air-
borne geophysical surveys. For the sake of simplicity we shall divide electromagnetic meth-
ods in the same way as the resistivity methods into electromagnetic profiling and electro
magnetic sounding.
(From Introduction to Applivd Geophysics: Georlectrical Methods, pp263-—264)

New Words and Expressions

1. permituvity [pammi'nvin] n. frd a8 REHE | 11, galvanic [gel'vaenik] a. (HE3E) HOH
. electrochemical [ilektrou'kemikal] a. &£k, 12, sake [seik] n. Z&¥%

I

B (k22 4y for the ~ of @R
3. harmenic Lha!'monik] a. AT n. i non- 13, profiling ['proufailin: n, S
harmonic a.  {FiEEH electromagneric ~ WL B ] 7 %
1. aircrafs [ea-kraidft] n. HE%5 2% K¥L 14, sounding ['saundin} n. M
o electrode [iflektroud, n B electromagnetic ~  HLREAIE
6. quotient ['kwoufonmt] n, 15. pulse ['pals] n. Bkih
7. array [a're:] n. HE# intensive current ~ 3 b AR
8. shaft [fa:ft] n. BH 16. unfavourable [an'feivarabl:a, fR@EHEH: T
9. self-polarization “self-poulari'zeifan] n. B #H% MRAEEY: AHIES
LIANCY o Y 17. spontancously [spon'teiniosliiad. A% Hb: P
induced-polarnzation  # & #& & K EH
10, polarize | 'poularaiz] v. ({#) &1k 18, sulphide ['salfaid: n. Ei{h¥

Note to the Text

These mclude, e. g. . the charged body method (or mise-a-la-masse method) in which
the conducting ore body penetrated by a borehole or shaft serves as one of the current elec-
trodes. @i, AEEEFEE, EREEIHEEAGESFAHSETE, ANEPH
THLR .,



Writing Guide
Abstract Writing (1)

4. BXWELTHY (Topic Sentences of Abstracts)

PR EMAN R AL A E R TR EE A E R B R Rl
sl LifftA e,

1> In this paper the author deals with - (FXWHRT)

23 In this paper the author analyses - (LT

3% In this paper the author discusses == (FEILFHE T )

o) Tn this paper the author proposes - (A3
} In this paper the author introduces «+ (EILAEF T
3 In this paper the author presents --- (FLLEHT)
73 In this paper the author studies and analyses - (AR T)
In this paper the author describes - (ACAET )

4

TR L b — e+ H R oI fEanE sk Rk, A,

13 o ix discussed in this paper

2y e s studied

33 v 18 proposed e

5. BB X EIENNZE (Tenses of Abstracts)

SR E TN FE R BRI B SR TR R, BEEEREN -
A ISR IR 2

1y Mt A

WE -Beikie, EHL. ERER. k. SRR EREE. AN

a. A method is presented for calculating--+

h. The advantage offered by the method and scope of its application is outlined.

v. A senies of examples for plate tectonics are analyzed

ER I X iy

FE &S, of AWEFELE. -LRESSERT RS, fi.

a. The plate tectonic theory was first proposed by

b. The structural analyses were carried cut with+

. The results were compared withee

Gy SRR M B

FURME -m ) FeG. W EAFBN . BEERARE. fFim.

a. His results have never been published.

b, Up 1o now. our main natural energy sources have been coal and oil.

Since World War T, rhe use of the fast clectronic computers has mader-
Ly - REg st
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BBSERRETHE, THOSREN —REKA, #m.

a. The results will be discussed further,

I Some experiments will be carried out later,

c. The conclusion will be proved:-+

6. #RE (Concluding Sentences)

& CHEMSEATES LERTNSRNEN. FRE 8% L.

1} It is suggested that-+-

23 It is recommended that--

3) The results show that--

4} The results suggest that--

5) The author concludes that---

7. FIUHEXEF (Key words)

HOCHEMRIE, WH ST (Key words). SSBEHTEL S0 LBH . HRIE Lol
A6, —RRFF BRI P ORI A A AERT P i & T (DU EESTE Key words
ZiE, MER.ZE RS SaHF. &i5—MEnmE, AR .

Key words: lithosphere; hydrosphere; atmospheres crust.

FRENYARWH, BE, RE’J&#‘E%*M’E&t%M By, TERRA K

VILL(RRS £ OB —BER, OGRS L B850 BEETK MR 2y
R IO AW AR. RE v RLARHR I‘.JBTH\; HE BRI 10 0B L LA T SR B 5 2
TR b A B AT

8 XUWEZH

H AR R TRERIEUH SN SRR BN, P23 LA S LR e,

i1 Plate Tectonic Reconstructions of the Cretaceous

and Cenozeic Ocean Basins
CHRISTOPHER R. SCOTESE', LISA M. GAHAGAN' and ROGER L. LARSOXN
1. Shell Development Coy Belfuire Reseurch Corder. . (. Bogz 18], Howsten .
TX TI00r (S S )
2. The Department of Gealogical Sciences, The Universitv of Teaas. Ausinn,
TX 787113 (70 &80 Ay
und The Institite for Geophysics s Umversity of Teaas. Anstin,
TX TR7SG (L8 A
3. Sehool of Oceunvgraphy. University of Rhode Istand . Kogston.
RI 02881 (070 S0 A)
Abstract

In this paper the author present nine reconstrucrions [or the Mesozoic and Ceanzoic, based on previ-
ously published sea-floor spreading isechrons. The purpose of this study was (1) to deteroune 1f the
isochrons could be refitted to produce gecurate plate tectonic reconstructions. (206 identily arens ol turther
investigations. and ¢3)tu rest the capabilities and sccuracy of interactive computer graphic methods of ploie
tectome reconstruction. In general, Tertiary sid Late Cretaceous sochrons could be refitted wuh livle
overlap and few gaps: however, closure errors were apparent in the vicinity of the Bouver and Macgnaru
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triple junctions. It was net possible to produce Early Cretaceous reconstructions that were consistent with
the previousty published isochrons, In this paper the author also propose that the Late Cretaceous and Ear-
Iy Tortary plate reorganizations observed in the Indian ocean were the result of the progressive subduction
of an intra Tethyan it ~ystem.
2 COAL MEASURES OF AN OROGENIC RECESS;
LATE PERMIAN SYDNEY BASIN, AUSTRALIA
1. GILBERT JONES, PATRICK ). CONAGHAN and KEVIN L. McDONNELL
School of Earth Sciences, Macguarie University s North Ryde, N. 8. W. 2113 {Awustralia)
Abstract
Comparison of the Lare Permian northeastern Svdney Basin with the Pliccene-Quaterniary “Purar re-
cess "of the Papuan Basin on the basis of gross lithology and lithologic sequence ., sediment provenance ,sedi-
mwentary environment and basin architecture confirms its tectonic context as an orogenic recess of ciosely
stmilar character. This comparison. together with comparison to the [Late Carboniferous Appalachian Basin
of Pennsylvania. suggests that, under favourable climatic circumstances. orogenic recesses are optimum
sites for thick coal accumularion.
fA)3 Discovery of Blake Reversed Episode in China
Liw Chun
Paleomugnetic Laboratory. Institute of Gevlogy.
Chinese Academy of Sciences, Beijing
Abstract
A reversed polariry event known as Blake Episode is first found at the Xujiayao Paleolithic site s Shanxi
provinee . China.
This discovery has an important significance for further studying geomagnetic reversals during the
Lirunhes chron and the evolution of biolegical species.
In this paper, the Quatenary geology and chronology rvelated to the Blake Episode are briefly dis
cunsed.

KEY WORDS: Biake: Brunhes: Reversed Episode; Paieolithic Site
Exercises

1. Question= for review,
1) What do the geoelectrical methods study?
2y How do you classifly geoelectrical methods?
3) What can we de by using resistivity profiling?
13 What kind of problems can be solved by the self-polarization method?
5) What can we differentiate between rocks according to?
2. C(rive the ChinesesEnglish equivalents for the following:
1) Bk 2y R
30 BRI 4 HERREE
3 R R ) electrochemical activity
7) apparent resistivity 8) with a wide range of {requencies
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9) potential methods 10} conducting minerals

3. Fill in the blanks with one of the following prepositions ;

for along in between to by with
resistivity profiling we use a certain pattern moving the electrode
array a given profile or neihbouring profiles. ____ most profiling ail
the electrodes move _ the profile simultaneously. prescrving the distances
them. some cases the current electrodes remain stationary. The mea-
sured electric field. or the calculated apparent resistivity is referred a single
point which has a constant position relative  the electrodes. This point. the
recording point.is denoted _ the letter (). symmetric arrays the recording
point ix usually the middle of the array, asymmetric arrays it is located
_ the center of the measuring dipole or it is identified one of the measur

ing electrodes.
4. Translate the following passage into Chinese,

. C. Resistivity Methods; D). C. resistivity methods have proved very useful
in practice and serve to solve a whole series of geclogical problems. Various rypes of
rocks differ from one another.e. g,in porosity, which is one of the main factors affect-
ing resistivity. Resistivity methods can be used to investigate the boundary between
crywtaliine and scdimentary rocks, compact quartzite rocks with schists or phyllites.
etc. Where resistivity differentiation of rocks can be anticipated in the horizontal direc
tion. 1. e, m areas with steeply dipping rock contacts, resistivity profiling can be ap-
plied. If the maximum resistivity changes occur in the vertical direction. i. e. in areas
with approximately horizontally deposited layers, vertical electric sounding is used.

5. Find the mistakes in sentences and correct it,

1) I he took better care of his money. he will be less likely to lose it,
A B c I

2) They are the ones who assert that a better bridge could have been built have we had
A B < i

their assistance.
3) I recommend that you all are diligent if you want to pass the exam.
A B [y 2]

1) U these discoveries were made by chance alone, many discoveries of thi~ type
Y B

would have been made by any inexperienced scientists like Bernard.
t n

3) He insists that you are on time for the appointment you made.

A B Z n

6) Tf T would have tried to handle the heavy case without Paul, I
Ay b {

could never have moved it.
- - n
7) Inside the broken-down shed. which could not be more uncomfortable. the Curies
§ £} o 4

had worked our the most difficult experiments.
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§) T wosld poto visit that beauriful lake but I couldn’t got in touch with you while 1
3 13 C el

WS 1 B()St()ll.
5. Translate the following Chinese sentences into English .
Uy B AR AR R —,
o) BFELE FHE. K BN BREL.
20 Ml Jrid e A AR A W S T A S
DR YL SRR T ETRESEN ERRY (heterogeneity),
Sy HLEE AR 2 BT BRI B B B

Reading Material
Electrical Resistivity and Electromagnetic Methods

The resistance of the rock strata to electric currents depends partly on the minerals in-
volved and partly on the fluids present in the rock’ pore spaces. Under laboratory condi-
riohs, sub-hituminous and bituminous coals are highly resistive. Shales. limestones and
sandstones generally have lower resistivities , and such contrasts form the basis for the ap-
plication of electrical resistivity techniques to coal exploration.

Measurement of the electrical resistivity of rock strata in the subsurface can be per-
formed by relatively simple geophysical apparatus, described in standard texts on explo-
ration geophysics (e. g. Telford et 21 1976; Parasnis 1978), An array of four electrodes
is normally used. 1wo of which are connected to a generator or current source (the ‘current
electrodes” ) and two of which are connected to a separate voltmeter or potentiometer (the
*potential cleetrodes™ ), The apparatus ideally passes current through a roughly hemispher
il zune beneath the current electrodes and the ‘apparent resistivity’ of this block is deter-
muned from the voltage acruss the potential clectrodes in relation to the current flowing in
the svstem,

If the electrodes are set up abour a fixed point and their spacing is progressively ex-
panded . the depth helow the ground surface to which the current penetrates is likewise in-
creased. The presence of a stratum of contrasting resistivity to those nearer the surface is
indicated by z change 1n the ‘apparent resistivity” of the block as the hemispherical zone en-
compisses 1he new bed. By plotting apparent resistivity agatnst electrode spacing. the
depth at which this change occurs can be determined,

Use of resistivity apparatus in this way is known as ‘electrical sounding'. It can be
nsed, in favourable siruations, to give the depth to a coal bed or other resistivity change
without the need for drilling. An alternative method 1s te maintain a constant electrode
spacing but move the apparatus along an appropriate traverse line. This enables lareral
changes in resisuvity within 2 cerain distance of the =urface to be delineated. Known as
‘elecirie trenching’ or ‘resistivity profiling’ . this technique may be used to determine the
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position of the outcrop of dipping coal seams in areas where exposure s poor (Verma &.
Bhuin 1974%). Connection of adjacent traverses may then be used to produce a map ~howing
~he outerop zone.

Resistivity technigues can be used on a regional scale or as part of a detailed investua
tion in a small area. The regional application may be used to delineate the posinon of a
coal-bearing formation, or any other formaticn with distinctive resistivity characteristics,
In the detailed study, however, the cosl seam itself is normally the targer.

Resistivity surveys are strongly influenced by the geclogic setting of the area in yues-
tion. A blanket of highly resisiive material. such as a thick, dry. weathered zine at 1he
surface, can prevent penetration of the current o the strata below. and make resistis ity
contrasts undetectable. Not all high resistivity beds are coal seams. nor do ali coal seams
have significant resistivity contrasts with adjacent strara. The presence ol water in pores
and cleat fractures. in particular, can reduce the apparent resistivity of a coal bed in the
field, while the presence of coals associated with coarse freshwater sandstone or conglom-
erate may be difficult to detect even in favourable conditions. The position of the warer
table and the salinity of the groundwater in the area can also have a marked effcct on 1he
results of a resistivity survey.

Electromagnetic methods of geophysical exploration are based on the prod urtion of a
time-varying electromagnetic field by an alternating or pulsed electric current in a switably
laid out conductor at the ground surface or in the air above. As it builds up and collapses.
this field gencrates a pattern of secondary currents in the subsurface strata duc o the f-
fects of electromagnetic induction. The secondary currents,in turn, produce sceomdary elee
tromagnetic {ields, and these act to distort the primary field generated by the conducter i-
self.

The combined effects of the primary and secondary fields can be measured from the
currents produced in another conducior (a detectiing loop or coil) suirably located wih re-
spect 10 the primary source. If rhe primary field is a transient pulse.rhe secondary currents
and their associated fieid build up and decay gradually. rather than instantaneously . when
the original current is turned on or off. Build-up and decay are more rapid if the resstiviny
of the subsurface rocks is high. and thus the inductive effects may be used 1o interpret the
electrical properties and spatial arrangement of the strata involved. If a regularly oscillaung
field is used.on other hand ., the secondary effects produce a combined field thar is of differ-
et amplitude. phase and orientation compared to the field from the primary source. [ -
pending on such factors as the geometric arrangement of source and detector loops ey rela
tion to the subsurface strata.as well as the frequency of the field that 15 used. these differ.
ences can also be analysed o interpret the resistivity and distribution of the beds boneath.

A comprehensive discussion of the use of electromagnetic methods 1n geophvsivat
prospecting is given by Parasnis (1978, The technique has the advantage over the methods
described 1n Section 4. 4. 3 that it does not require physical contact to be made with the
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ground surface. This avoids the risk of difficulties due to poor electrode contact or variable
so0il conditions , and may enable more rapid surveys to be carried out in some cases. Electro
magnetic methods can be applied cven when the near-surface layer is of very high resistivi
ty, such as in arid lands or permafrost terrain.

Although traditionally applied to the search for metallic mineral deposits, electromag -
netic methods may also be used for evaluating subsurface geology in coalfield areas. Both
transient pulse methods and multi-frequency oscillation techniques have been used to as-
sess factors such as depth to basement, coalbearing rock units or individual coal seams and
1o indicate the locarion of seam subcrops, faults, intrusions and cinder zones.

(From Coal Geology: Coatfield Eaploration, ppi82—184)

New Words and Expressicns

1. strata [s'rata] (H) n. HE 9. clear [klin] n. #EEY P 44080
2. resistance [re'zistons] n. BFH; FEH 10, lay [lei] vt. %R ®H, &
3. remstive [ri'zistiv] a. {EFTHY; HI/FIH,; = ~ out EF; Bx
w1 11. rtransient ['treenziant| a. BEAF(H
|. apparatus [@Epa'reitas] n. {{%%: W#&: %®F . 12, instantaneously [instan'teinjasli) ad, BENTHE

5. progressively [pra'gresivh] ad. #yadsh; ZaF#h I IR
6. encompass [in'kampas] vt. BES%; L5, fH { 13. oscillate ['osileit] vi. {E¥: ¥ah: 4
.t it loop [wpl n. By 3
|

7. delineate [di'linieit” vt 2 FHFINE. 15. arid ['eerid] a. T HBMW

fU RO EC 16. permafrost [pame'fra () st n. KA
8 trench [teemt[] n. $ig: Mg veo s §2 17. subcrop [sabkrap] n. BR{RE %

vi. gL FEH 18. cinder ['sindaj n. kUi
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Lesson Twenty-one

Text
Seismic Methods

Seismic prospecting- -seismics—is a set of methods for investigating the geological struc-
ture of the Earth’s crust, based on studying artificially excited elastic waves. These waves
propagate omnidirectionally from their source and penetrate to great depths. At boundaries
they are refracted and reflected and return to the Earth’s surface, where the oscillations
they generate are recorded. Measuring the time of propagation of the waves and studying
their character enables us to determine the depths and shapes of the boundaries, from
which the wave has been reflected back to the surface, and provides information about the
rocks through which the wave has propagated along its path. Seismic prospecting plays an
important part in solving various problems of structural geology, particularly in prospect-
ing for oil and gas deposits. Seismic prospecting is also important in locating deposits of
other raw matenals and in sclving problems in hydrogeology and engineering-geotogy.

In treating various geclogical problems, the waves which are reflected {rom the object
being investigated back to the Earth’s surface. i. e. reflected and head waves, are most im-
portant.

The main source of seismic energy is still the detonating of explosives , usually close to
or on the surface. The explosion generates body waves as well as intensive surface waves.
However, the latier enly penetrate ro depths of a few tens of metres and, therefore. cannot
be used for prospecting at greater depths.

As the initial point of the travel-time curve of the head wave we shall define point M
at which the ray of the head wave, generated directly at the point of incidence of the direct
wave under the critical angle at boundary R, arrives. We are able to trace the head wave
from this point onwards: the head wave does not physically exist between this peint and
the shotpnint.

Reflected waves exist along the profile close to the shotpoint, as well as at larger dis-
tances {rom j1. However. they arrive there later than the head waves. For a given shot-
point, therefore, the seismic profile can be divided into two paris; the neighbourhood of
the shotpoint, where the reflected waves are usually recorded and the more distant region.
where the head (refracted) waves are usually observed.

In seismic prospecting we distinguish between two [undamental methods: reflection
and refraction. Tach of these methods has its specific properties which make 1t suitable for
solving different geologieal problems.
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Besides longitudinal reflected and head waves, the following waves may also arrive at
the Earth’ surface .

- Direct longitudinal wave, propagating along the Earth’s surface. This usually in
volves a head wave ,propagating along the surface of a rock layer at the base of a weathered
laver.

—Surface waves, propagating at velocities of 200 to 1000ms .

~- Acoustic waves with velocities of abour 340ms™'.

-—T'ransverse waves (reflected and head) and transformed waves.

— Multiple reflections, generated after the incidence of waves of different types (partic-
ularly of longitudinal reflected waves) at the Earth’s surface or some boundarh within the
geclogical section; they are reflected back to depth where they are again reflected and re-
turned to the surface,

—Diffracted waves. generated by the incidence of seismic waves at discontinuous
boundaries or other inhomogeneities.

-—Irregular waves which appear in the neighbourhood of the shotpoint and are caused
by dispersion of longitudinal waves on shallow inhomogeneities,

-—Microseisms, irregular ground motions due to various agents (wind, rain, traffic.
agricultural machines).

Only some of these waves can be used for investigating the geological structure of a
given region. The waves which we wish to observe in prospecting are referred to as useful
waves ot as the useful signal. The waves which disturb the recording of usefui waves are
called inferfering waves, inter ference ,or simply noise. The latter can be divided into reguiar
(coherent) noise,s consisting of waves which can be represented by travel-time curves, and
random noise which cannot be expressed in terms of travel-time curves. Microseisms and ir-
regular waves belong to random noise, the other interference can be classified as regular
noise.

For a seismic record to be sufficiently legible, it is necessary that the signal-to-noise
ratio be at least 1. 511. Since the ratic is in practice frequently worse, methods are used to
improve ity both in the field measurements, and in later processing.

The possibility of using seismic methods is determined by the seismological conditions
which are associated with the deep parts of the geological profile, as well as with its sub-
surface zone.

The most favourable conditions for seismic observations are created by

—the existence of distinct seismic boundaries and their agreement with stratigraphic
or lithological boundaries,

—large area of seismic boundaries without faults and facial changes. small angles of
dip {27 10 10°),

-—the presence of moist plastic rocks in the upper part of the geological profile,

—the small thickness of the low-velocity laver,
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~the small depth of groundwater,
——the absence of shallow and sharp seismic boundaries ,
- planar relief of the region being investigated.
(Frem Inirnduction to Applied Geophysicss Seismic Methods, ppi01—4033

New Words and Expressions

. omnidircctienally [omniditekfonalil ad. EEH |, 10, seismological [saizmatlodzikst] a. HFERY

2. refract [rifreki_ vi. B 12, facial [feifal] a. FEH
3. oscillaton Dosilefan’ n, $Ei% 12. head waves ik
4. detonate [‘detouneit] v. 4, i E$ 1% multiple ['malupl] 2. BWK: FEY
3. longrtudinal [lond3i'tjudinl] a. #4569 ~ reflections Z K F &
6. acoustic [a'kwstik] a. Ffg 14. transverse waves K
7. incidence [insidons. r, AT AH#H 15. microseism [maikrow'saizm] n. B
8. irregular {iregjula’t a. AR LHIER 16. transformed waves §ifif

~ waves <TI0 17. onwards ['onwodz] ad. @Bl 446§ 16
g legible [edzabll A HHH

Note to the Text

As the initia’ point of the travel-time curve of the head wave we shall define point M
al which the ray of the head wave, generated directly at the point of incidence of the direct
wave under the critical angle at boundary R, arrives.

fB% %] .5 B As--+{E 2 shall define #845F point BY3M 1% at which 3] % E M AT,
FAANEN, “HRITE XM ENER RTINS S, d R R LR AEAS AR
B9 Bk I AT 4R ZE X s B

Exercises

1. Questions for review:
1) What can we do by using seismic prospecting?
2) How can we determine the depths and shapes of the boundaries?
3) What is the main source of seismic energy?
4) What are the most favourable conditions for seismic observations?
3) What kinds of waves can we get at the Earth’s surface in seismic prospecting?
2. Choose the correct answer from the alternatives
1) Seismic P-waves travel most rapidly through;
a, (Granite b. Unconsolidated sediments
¢. Alternating shales and sandstones d. Brown coal
2) Which of the following can be determined from arrival times recorded at only one
selsmlic station?
a. Time of the carthquake b. Location of the earthquake



3

~t

R

c. Magnirude of 1the earthguake d. Stress pattern of the carthuake
Seismic S-wave velorities are highest in:

a. (lacial gravel

b, The lithesphere above the Mohorovicic discontinuity

¢. The lithosphere below the Mchorovicic discontinuity

d. The asthenosphere

The earth’® outer core is thought to be in the liquid state hecause,

a. S-waves do not pass through it

h. P-waves do not pass through it

¢, Neither P-and 3-waves slow down sharply as they pass through it
d. Boh P-and S-waves slow down sharply as they pass through it
Large earihquakes are caused predominantly by

a. Volcanism and the intrusion of magma

b. Major landslides and avalanches

¢, Horizontal movements of the earth’s crust

d. The release of strains generated by tidal forces

First-motion studies of carthyuakes have shown the tensional faults occur most fre-
quently;

a. In and parallel 1o subduction zones

b. Perpendicular to subduction zones

t. In and parallel ro middle-oceanic ridges

d. Perpendicular to mid-oceanic ridges offsetting them

3, Choose the eorrect word from the following lists;

4.

reconstruct rearrange return regain reappear rewrite

.

Some objects are described as elastic because they to their original size and

shape after they have been bent.
Under the high temperature and greater pressure the minerals in the rock are

Some of the rain mav remain close to the surface and ____ to the air by evapora-
ton,
An carthquake destroyed the town last year but it is being now.

When the rocks rupture, abrupt movement takes place along a fault as rocks grind

and stide past each other attempting to ___  their original position.

Translatwe the following passage into Chinese;

Body waves propagate omnidirectionaily from the source ar a certain velocicy

which depends on the physical properties of the medium and on the type of wave.

Within a certamn region. bounded by two closed surfaces, short-period oscillations of

mass particles occur. The external surface separates a part of the elastic medium at a

given time, in which the wave has already caused the particle to oscillate. from the
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part which is still ar rest. This surface is called the wavefront. The internal surface.
which separates the part of the medium in which the oscillations are taking place from
the parts where they have already terminated. is called the rear of the wave, The
wavefront and rear of the wave change their position with time.
5. Fill in each blank with the letter of the word which best completes the passage:
[t is estimated that in the last 1wo thousand years the world has lost more than a

hundred species of animals. A similar number of species of birds has also become ex

tinct. The real significance of 1 {this. world, thousand. these) figures. however,
AW 3 n
liesin 2 (a.the,two.first) fact that almost three-quarters _ 3 (of, from. with.
R — v
since) all the losses occurred 4 {then. perhaps. in. on} the past hundred vesrs
o ) B ©n
5 (plus. and, ago. then) as a dircet result _ 6 (because, of . since. the) maz
A B - I

s activities on this 7 (planets. worlds, planet. country). It is essential for _ ¥

A [ C n -

A B o B A A

__ (the, their, a. his) whole process of evolution 8 (since. certainly, breause.

that Jthe extinction of certain species should occur uver 2 10 (year, period .extinet .
» A B I

periods) of time.
8]
6. Translate the following sentences into English:

1) A R O 9 M b R A A — R

2) i R R SRR ST R AR . R ATTRE R G R Y Y R AL
3) MRS TS T B R AT El R

4) F7 RIHURE T e 4 FTRE R B T 0 ) TR TR KA e REHL B AR F

5) BEMEIDREGHERE. FRIEELSELSL,

Reading Materials
(A) Seismic Reflection

Seismic reflection studies involve the input of shock wave energy inte the ground.reflection
of that energy from an appropriare interface and recording of the reflected waves on swit-
ably lacated receivers called geophones. The time that elapses . in milliseconds . between the
generation of the energy puise and the arrivat of the reflected ray at each geophore. allow
ing for the lateral distance hetween source and receiver, can be used to determine the depth
of the reflecting horizon below the ground surface. If the reflection data are obtained lrom
one or more traverse lines. and processed to improve the record yuality, a prafile indicatiog
the subsurface structure is obnained.

Reflection studies are an essential part of most programmes in petroleum exploration,
but seismic refleetion has also proved to be vital to many coalfield investigations. where 1t
is used both to delineate the broad structural features of a relatively large area and to map
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out individual small-scale structures, such as faults, splits and washouts, that may disrupt
mining operations, There is a considerable difference in scale, however. between the fea-
tures of significance in the coal and the petroleum industries. Petroleum exploration is gen-
erally concerned with structures that are tens of metres in size and several kilometres be-
low the ground surfzce, while coalfield geclogy mostly involves studies of structures less
than 10 m in size, ovcurring at depths of less than 1 km. The reflected ray travel time for
the features relevant to the coal industry is usually less than 1 s, and the techniques must
be adapted accordingly.

With the equipment used in most studies, the distance between source and receiver is
usually no more than the approximate depth of the reflecting horizon invelved. Any geo-
phones cutside this range receive useable data only from lower beds in the sequence. This
means that more individual spreads are required to cover each traverse line in coalfield
studies . especially with shallow scams. The locations of the individual shots are also usual-
ly closely spaced,to allow each point in the subsurface to be covered several times (cormmon
depth point shooting) and hence enable improvements to he made in the guality of the
record during the subsequent processing operation.

For most studies, the energy pulse is derived by detonaticn of an explosive charge . but
weightdropping techniques or a vibratory tamper may be used as an alternative in some
cases. Where the coal lies beneath a body of water, such as 2 Jake, estuary or the sea, an
air gun or an electric sparker device may be necessary. Details of the main technigues in-
volved for land-based studies, including an outline of metheds for processing the data cb-
tained from the field are given by Daly and Hageman (1976) and Peace (1$79).

Where high resolution is required , such as in studies to aid detailed colliery planning .
it is also necessary to use only the high frequency or short wavelength components of the
encrgy spectrum, Small charges (about 50g ol explosive materials represent the best energy
source in these circumstances. but these suffer the disadvantage that the sirength of the
signal is relatively low compared to the level of ambient noise inherent in the seismic sys-
tem. Special high frequency geophones and appropriate recording filters are used in this
type of survey as well. to enbance the signal desired.

{Jne of the main probiems with any shallow seismic survey, and ane that is of partica-
far significance in high resolution studies, is the effect on the total travel time when the
waves have to pass through a low velocity weathered zone near the ground surface. Varia-
tions in the thickness or velocity characteristics of this zone for each geophone station
cause variations in the arrival time of the refleeted ray. I not adequately allowed for by
‘static corrections” in the processing operations, these variations may he misinterpreted as
structural anomalies. such as folds or faults, in the reflecting horizon.

(From Coal Genlagy and Coal Technology: Coulfield Erploration, pp 184-—187)
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New Words and Expressions

1. shoek [[ok] n. RE & 8. weighr-dropping [weit-dgopin] n. # 8

2. inpur [mput] n. BA 9. tamper [tempa] n. #; &H

3. elupse [‘laeps] n. (BHE[A7) /s jHE 10. sparker ['spaks]n. KR EH: H-AHEEE
4, washout ['wafaur] n. | {k B Er ‘ 11. ambient ['sembiant] a. FHEM

3. disrupt ['disrapt. ve. HREE: Pk |12, inheremt [in'hisromt] 0. MTERY; BIHW

6. accordingly _a'kadipli] ad. FH MG HH ‘ 13, statie Ds'tatik] o, BREM, #H

7. detonation _detou'neifan] n. HRHE ~ corrections MFFIE

(B) Seismic Field Operations

Field operations are conducted by a seismic crew, 2 to 3 in number where the refraction
method for small depths is involved and running to several tens if the CIDP method is heing
used. The operations follow a plan prepared in advance. The seismic profile is marked out
by a survey team so that it is accessible to vehicles with drilling rigs and other equipment
or vibrators. The profile must be marked on maps with sufficient accuracy to enable subse-
quent prospecting work to go ahead.

If the energy is provided by explosives, the charges are usuvally placed in boreholes,
drilled below the low-velocity layer to depths of as much as 40 m. A safe distance must be
kept between the shotpoints and certain objects (buildings, roads . mains. etc. ). This prob-
lem is avoided if impacts, vibration methods or Dincseis are used. In prospecting at shallow
depths ., surface blasting and impacts are used.

The geophones are distributed according to the measuring system being nsed and con-
nected by cables with the station: the geophones are stuck into the ground. sometimes
placed in shallow pits. If the geophone cannot be placed at a predetermined point. It can be
moved perpendicular to the profile by a small distance; this relocation must be recorded.

The explosive charge is fired by the hlaster under instruction from the observer; if vi-
brators are being used, or in surveys at sea. the energy excitation is controlled by the oh-
server himself. With many seismic stations the shot moment and commencement of the mo-
tion of the carricr of Lthe seismic record (magnetic tape) are synchronized. In the refraction
method each geophone spread usually yields 1 to 6 records, in the reflection method 2
recards, In the CIIP methed the spread is shifted forward by 1 to 4 geophone groupings af-
ter each shot and. thervefore, there are 6 to 24 records per length of the spread.

After recording with ene spread has finished ,the geophones are relocated in the neigh-
bouring spread. in the CDP method a larger number of geophone groupings is usually pre
pared along the profile. of which only » groupings are then used. After shooting, the last
groupings of the spread (m groupings. usually 1 - 4)are disconnected and the same number
is connceted at the beginning, If a total of ¢ shots (usually 1 —2)is fired per set of » group
ings. the waltiplicty of the coverage P is determined by the equation
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After recording ., the seismic records are numbered and the most important data about them
are included in the observer’s log (pegging of the shotpoints and gecphones. weight and
depth of charge, degree of amplification, filtering and the other recording parameters. the
data, number of records . ete. ). These data are essential for further processing of the seis
tic records.

In seismic measurements conducted for studying shallow depths, direct digital record-
ing of the arrival time of the signal with an accuracy of 10 *s is sometimes used. The ener
gy is provided by the impact of 2 hammer and the point of impact is gradually moved along
the profile ,whereas the recording geophone is kept stationary;this is a practical application
of the interchangeability principle between the source and receiver. At other times a 12-or
24-channel station is used with a similar measuring procedure as in the standard refraction
method.

Tn seisinic observations at sea the hydrophone spread is usually pulled behind the ship
on floats. The ship is kept to the profile by various semi-automartic or automatic navigation
systems (e. g., radar, Shoran, Loran). operating ship-to-shore. or navigation satellites
may be used. If the ship is moving &t constant speed . the sources of seismic energy are used
at regular intervals, Measurements at sea are very guick and several records can he ob-
tained per minute. Sonar alone is used sometimes to record the times £, of the reflected
waves. At sea we can use refracted (head) waves, besides the CDP method; in this case
special buoys are employed to record the refracted waves.

(From Introduction to Applied Geophysics: Seismic Methods, ppd40—441)

New Words and Expressions

1. crew [krm:] a. WA ¢ -#) B)
2, refraction [nif'reekfan_ n. F& 16. multiplicity [malti'plisiti_n. &% §5%. &
3. CDP {common depth point) ZFEE A ®
4. accessible [@lk'sesabl] a. BEMELRY: BERY 17. coverage ['kavaridz] n. FRfLiEfER ; W&
i rg [rig] n. A BE & 18. log [lag] n. LB
6. vibrator fvaib'reita. n. JE5i88: T 19. peg [pegl vi. R
7. charge ['tfadz] n. tEF 20, amphfication [emplifikeifon] n. $ K X
8. main [mein] n. F#H (3K B Tk 21, filter [Milta] vi. €%

s BEERD 22, interchangeability {inta (1) tfeindzahiliti_ n.
9. impact ['impzkt] vt. die BEE R Tk, ol TR I
10, blast [blast] vi. d#tE: @8k 23. sonar [‘souna:] n. A
11. stck [suk] vi. 4T A A BCEA I 24, buoy [boi] n. EF
12. pit [pn] n. s i¥ © 25, Dinoseis [dai'nasaiz] n. TRBRIT
13. commencement |ka'mensmant] n. JF#& 26. hydrophone ['haidrafoun | n. A M5 Ko 8%
14. carrier T'karia] no ik | 27. synchromze _'sinkrenaz v, MHERCL o [0

i5. geophone [dgi ) oufoun] no ¥R (i
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Lesson Twenty-two

Text
Geophysical well Logging

Geophysical well logging comprises a set of geophysical methods applied to the assessment
of the physical properties of tocks and of fluids filling the borehcle and pores and fractures
of the rock, to the technical inspection of boreholes ,and to the recognition of basic geclogi-
cal condirions in the rock complexes penetrated by drilling. Various technical and blasting
operations are also often carried out by logging services, These operations are, for exam-
ple, sampling of well fiuids, testing of potentially productive zones, lateral core sampling,
perforating of casing and eutting of casing, tubing and drill pipes.

Well logging is a young branch of applied geophysics; the first measurements of this
kind were conducted in 1927 by Marcel and Conrad Schlumberger on an oil field in France.
Since that time the methods and instruments applied have undergone intensive develop-
ment, It can be said without exaggeration that well logging is the most comprehensive ficld
of applied geophysics. It uses the principles of almost all methods used in geophysical sur-
face surveys {(magnetic, nuclear, geothermal, electrical and seismic) and additionally seme
procedures particular to drilling research, The latter involve measurement of borehole di-
ameter, hearing and deviation of the borehole from vertical , the strike and dip of beds . the
volumetric flow rate, and the like. Compared with geophysical surface survey . well logging
has the advantage that the measuring devices contact the medium either directly (measure-
ment of physical properties and movement of {luids in a borehole) or almost directly. 1. e.
the physical properties of rocks are examined through the drilling mud. The relatively pre-
cise data on the physical parameters of rocks and fluids thus obtained may then be used for
the assessment of further data on mineral deposits (such as the content of the mineral or el-
ement studied, porosity of rock, hydrocarbon saturation, the volume of movable hydrocar-
bon); hydrogeological conditions (porosity. permeability. the content of dissolved sclids
in ground water ,the yield of an aquifer) sor geological features (e, g. the lithology of rocks.
thickness of beds and their strike and dip).

Ne less significant is the contribution of well logging to correct interpretation of geo-
physical surface measurements on the basis of physical properties of rocks in natural condi-
tions.

To carry out well log measurerent, an exploratory borehole must be available. Since
the measurement conditions in a borehole differ from ideal conditions (when the probe is
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lowered ino the rock itself) . they will be discussed here in some detail.

An exploratory borehole is a hole. usually vertical (oceasionally obligue) ., sunk o
the upper part of the Earth’s crust. The holes are made by percussion drilling Cat present
only exeeptivnally ) or by the rotary method combined with continuous or intermutrent cor
ing. Anv drilling intervenes with natural cenditiens of the rock. because the physical prop-
erties of the drillivg mud dilfer greadly [rom those of the rock environment. A horehole 15
thus a factor which s prerequisite for well logging but which makes it difficult to deter
mine the physical properties of rocks-the more so the larger its diameter. Therelore , nearly
all well logs need to be complemented by caliper logs. 1. e. by measurement of the true hole
diameter. In sedimentary . jointed and tectonically disturbed rocks the conditions are sull
more complicated ; the drilling mud, usually having a higher hydrostatic pressure than the
ground water. penetrates ( “invades”) 1he permeable rocks and alters their physical proper-
tics in the immediate vicinity of the borehole walls.

As the electrical properries of permeable rocks change most markedly. they deserve
particalar attention, Let us suppose that the borehole met a permeable bed with resistivity
o lying between two impermeable beds having a resistivity g. Since the hydrostatic pres-
sure of the drilling mud is higher than that of ground water . the overpressure developed on
the horehole wall forces the mud 1o enter the permeable bed. The wall behaves as a porous
filter which only lets through the mud filtrate with resistivity 2,/ ; this expels ground water
with resistivity o, from the rock pores near the borehole wall (in the so-called flushed
zome ) and partly displaces the ground water from the pores in the more distant part of the
formation, called the tnraded zone. Thus the resistivity of the rock changes from the origi-
nul value g, 10 o, in the flushed zone and to g in the invaded zone, A mud cake having a re-
~istivity g, #nd a rhickness a,. develops simultaneously on the borehole wall. The spatial
distribution of the media and their resistivities and the geclogical factors are shown in Fig-
ure 337. It is 10 be noted that in racks saturated with hydrocarbons only a part of pore space
5. the uncomtaminated zone is filled with ground water, the remaining part being fitled
with liquid or gseous hydrocarbons. In the flushed zone the hydrocarbons are also not
forced out from all pores of the rock (so-called residual cil saturation remains) : warer satu-
ration in this part of the zone is labelled ..

In the pelitic formations (claysiones . siltstones ) the changes in elastic properties vecur
along the borehole walls, Under the influence of drilling mud the clay mineral swell and the
cohesion of the rock is reduced; a low-veloeity zone forms along the borehole wall, being
the more marked the longer the time interval between drilling and the moment of velociry
fucasuremenl.

The electrical logging cannot be used in boreholes provided with casing and double-
casing or in boreholes with cemented-in space between rasing and borehole wall. In such an
cvent other logging procedures also give strongly distorted results (e, g. different nuclear
togs 'y, which requive corrections 1o obtain true values,
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(From Introduction to Appled Geophyitcs: Geophysical Well Logging, ppi?d -178;

New Words and Expressions

oo recogmtion [rekag'nifan’ no P 12, invade _in'veid i vr. f& A

2. perfarate ['paforeit] vr. FAL: IR invaded zone @ AF

3. casing ['keisin] n. B 13. pelite U'pelitiks a. EEH

z. tubing [ywbig] no % BEITEY ' 14 uncontaminated | aoken'temineiud” o, JE40 5
i cutting ['katin] o, 405 8 | ey Rihss

. drilling [dridig” n, 854 #H 15, swell (i 5 & swelled. 34 243 i) swollen ) o1,
7. percussion [pa'kafon] n. #idy K EhE

8. prerequisite {pr'rekwizit] n. EiRFMF: B | 16, siltstone ['siltstoun] n Bk

9. well-log {wel-log) n. MF . claystone Tklleistoun] n. B 35

] 17
10, hydrostane Chaidrou'staetik” a. JEAERRF79HY | 18, filerate ('lireic] n. 363
. [ 19

W

expel (iks'pel” vi. HES! . permenhility [pampa'bilin. n. Sk 3K
Note to the Text

No less significant is the contribution of well logging to correct inrerpretation of geo

physical surface measurements on the basis of physical properties of rocks in naturat candi-
tions. WFHELBREGT. USENEEE AR, R BRI b 095
BER#AMIRENT, LAEFEEEL,

1.

44 . FE18 k4 the contribution of well logging,
Exercises

Questions for review .

1} What can you do by using well logging?

2} When were the first well-logging measurements made?

3} What advantage does well-logging have compared with geophysical surface survey?
4) What is the prerequisite factor for well logging?

53 How many methods does geophysical well logging have?

Fill in the blark with the suitable conjuctives chosen from the fellowing -

as long as. as soon as. as well as. no matter. whatever. as if

1 Coneretions (454%) commonly show a concentric structure  made up of 2 serics

of concentric sphere.

2y the velority of the stream is increasing, the ioad may also be increased.

3y All metals,  many important nonmetals, are obtained from minerals in the
rocks.

4} ___ how the earth originated, it seems probable that either it was once much

smaller than at present.
5) _ weather is. we will go out for field practice.
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3.

Give the Chinese /English equivalents for the following;

1) self-porential
271 lateral electric

3) resistivity logging with guard elec-

6) BESE
7) MFHEE
B) A

trodes

8) ¥ SHERTH
1) microresistivity logging 10) K &HHEE A E

53 logging cable

Translate the following passage into Chinese .

The logging spectrometers have at present much wider application than mentioned
above. In pringiple they can be used for all nuclear logs recording the gamma radiation,
i. e. particularly for the gamma-gamma log both density and selective forms, neutron-
gamma log, pulsed neutron log and the like. The use of logging spectrometers is 2 pre-
requisite in X-ray fluorescence logging. For this method . however, proportional counter
are used as detectors because measurement is made in a region of very low energies.
Identify the one underlined word or phrase A, B. C or [X that should be corrected or
rewritten.

1)Little do scientists know about conditions on Uranus and Neptune, two giant planct
A I [ n

in the sclar system.

2} Unly after local residents became sick and publicly voiced their displeasure the
A B
chemical company began to clean up its dump sites.
4 n

3) So far is Pluto frem the sun that it has not completed a full revolve around ir since
& B Ly

being discovered in 1930C.
n

< }Few inventors have to their credit as much useful inventions as Thomas Alva Edison.

A B C n
5) Not until recent has interest in synthetic fuels been rivived.
A B [ ©
6) Some teachers always have rtime enough to answer their students questions.
A 8 I3 D
the injured man had arrived at the hospital when he rushed inw the

7} Scarcely
W " ©

Operation rogm.
11l

&3 The receptionist  inguired whether 1 wanted 2 magazine to read while 1 being waited.

A H [ o

Translate the following sentences into English .

D) 3 B R R E B A B R — i SRR ik

2) EATFHHG . MR AR PR ST

3 MHERRHEANRNEERFAHEEENE L.

O I RMHETE, LR EEREMNAL.

5y MHTE R AR TR R RS A R L F B
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Reading Materials
(A) The Method of Electrode Potentials (Eplog)

Minerals possessing electron conductivity (most sulphides except for sphalerite; magnetite,
graphite and anthracite) behave similarly 10 noble metals, i.e.as m 1als having a positive
self-potential. When such a mineral is inserted into electrolyte together with a metal elec-
trode having a sufficiently negative self-potential (e, g. Fe, Zn), a considerable potenrial
difference., called electrode potential, exists between them since a galvanic cell has devel-
oped with the electrode acting as cathode and the sulphide or oxide as anode.

This phenomenon is utilized for the identification of conductive minerals occurring in
the borehole wall, A logging tool for measuring electrode potentials has two electrodes
made of the same metal (Zn is most appropriate). One of them (M) in the form of a brush
electrodes slides over the borehole wall and the other, the reference electrode, consists of
two rings (N N;) which do not contact the walls of the hole. The two rings are located
symmetrically relative to the brush electrode and virtually exclude the effect of sponta
neous potentials, The potential difference is measured between electrodes M and N. As
lang as the brush electrode touches the barren rock during the motion of the probe. there
is only a very =mall constant potential difference between the electrodes, which is due 1o
the heterogeneity of the electrode material. Once the brush electrode contacts an electron-
conductive mineral (e. g. a suiphide), a marked potential difference arises. It is essentially
a potential difference between the mineral and the reference electrode because the brush
¢lectrode merely provides a conductive connection. The drilling mud acts as an electrolyte.
The electrode potentials measured in a borehole attain values of several hundreds of mV,
and they are greater and more distinct in certain cases; the higher the negative sclf-poten-
tial of the electrode metal; the lower the ratio of the two electrode surfaces; the lower the
pH of water in the borehole; and the lower the tool velocity (uv=0. 04ms '). The potential
value is also controlled by the type of the conductive mineraj, but rhis relation 1s of no
practical use as most of the ore bodies are polymictic aggregates.

The EP curve outlines well a layer containing conductive minerals (predominantly ore
minerals) and makes it possible to determine the thickness and structure of the ore body.

The possibilities for the measurement of natural electric fields are limited, This has led
to the development of 2 number of logging methods based on the measurement of artificial
electric fields en rocks penetrated by drilling. These methods are divided into five groups:

1. current logging which uses the differences 1n the rock conductivity;

2. resistivity logging which determines the formation resistivity.

This group comprises several variations, such as the resistivity log using a simple elee-
trode arrangement including lateral electric sounding » focused-current logs s and analogous
methods (aterolog 7 or laterolog-3 .- guard log} s and microresistivity logs (microlog . micro
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literolog. proximity logl;

3. induced polarization logging;

1. induction logging; and

5. dielectrical logging.

The theory of aniificial electric fields is basically consistent with the theory of fields
apphied in surface go icctrical surveys, Tt ust be kept in mind thar in downhole measure-
men: the polential of a point current source will be at a given distance egual to half the po-
tential of the same point source measured at the surface, This is because in well logging the
whoie space is involved. whereas 2 half-space is involved in 2 surface survey.

CFrom Introduciion to Applicd Geophiysis s Geophysical well lLogring, ppd83— L&)

New Words and Expressions

1. sphalerite _‘sfeloraiz] n. (R BE" KU REER
2, graphite [grefait] n 55 13, logging [Todzin] n. M
3. anthracite [zenfrasait] no 54 current ~ iR HE
1. electrolyte [ilekiroulait] a. W LR induction — MR MH
5. cathode ['kefoud” n. B AW resistivity ~ L FHSRRB I
g, apode Teenoud ) n MR T8 dielectrical ~ - UM
7. symmerrically [si'metrikali] ad. 3 ¥4 STHR 14, laterolog [lmtoralog] n. [
H 15. focuse [Youkas] vi BEE
% sponaneous ['sponteinjos_ . H2ET, BAE focused-current log B¢ 48 AL M
o, distinct |dis'igkt] a. BIE A, BN HSHY 16, analogous [a'nzlogas] a- FEbET, LA
Ay 17. guard [gad? o BRE
16, polymictic U'polimikuk o B Haam. ~ log [R&WH#F
WEERA HEE 18. proximity [prok'simiti] n. {8#1+ 2BIE
11 wggregate ‘mgngit. n. % ~ log  3BUE W

12. 3 redominantly [pri‘dommantli] ad. N, |

(3) Nuclear Logging Methods

The importance of nuclear logging methods is recently steadily increasing. Although they
do not yei involve the whole series of methods used in laboratary . even the more sophisti-
cated procedures are carried out increasingly in borehole conditions. The methods of nucle-
ar logging are hased on the same theoretical principles as those of nuclear physics. and
st of the terms modes of nuclear radiation detection and the principles of individual
methods have been explained in Chapter 3. We can therefore confine ourselves to the pecu-
liarities of logging methods and chielly discuss their applicetion. The particular character of
nuclear logeing is given by the foilowing faciors

The bogging ool which carries s detector of nuclear radiation (of a natural field or of
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the artificial field created by a source of nuclear radiation in the borehole) is virtually sur-
rounded by the medium whose parameters are measured. In contrast 1o the surface field
measurement, we make measurements in a medium where information is gathered eyually
from all directions.

The existence of a borehole and the presence of drilling mud in it as well as the change
in borehole diameter and various types of casing produce constderable effects on the results
of nuclear logging. Although many nuclear methods can be applied in cased boreholes.
some of the measurements must be made in uncased boreholes, particularly where chemical
or mineral composition of rocks is to be determined. Besides. almost all nuclear logging
methods need to be complemented by a caliper log. In order to reducc the effect of disiurb
:ng inhomogeneities to a minimum, particularly the influence of drilling mud and of the
change in borehele diameter. special measurements are made using probes pressed 1o rhe
formation wall. either along their whole length or at least thar of the detector and source
of nuclear radiation (in active and activation methods). At the same time both the derector
and the radiation source are effectively shielded zgainst the mud. Tn some cases the nuclear
radiation from an inset source is intentionally collimated into a given space along the bure-
hole wall. and then towards the detector after interaction with the rock. This geometry of
uncollided flux refines the accuracy of information and guarantees a better vertical resoiu-
tion of the parameter studied. but the volume of the measured part of the formation and
thus also the representativeness decrease,

The goal of nuclear logging is to provide a continuous dorumentation of physical prop-
erties and chemical composition of the rocks and pore fluids, of physical properties and
chemical composition of the fluid filling the borehole, of the physical state of the horehole.
the quality of casing, cementaricn and the like. Most of the measurements are carried out
with a moving probe, point measurements (e. g. meutron activation analysis for some ele-
ments ) are used exceptionally, The nuclear logging methods are at present applied either
by themselves or combined with orher logging techniques in drilling research of the most
varied types {for oil, gas ores and non-metallic deposits, in regional . engineering-geological
and hydrogeological investigations ).

The hasic instruments for nuclear logging are radiometers {or the detection of garunwi-
rays or neatrons. They consist of a downhole probe and a surface panel, The downhole
probe contains a detector of gamma radiation (GM tube, proportional counter ur a Nal
(T1) crystal with a photomultiplier) . a source of high voltage and an initial amplifier or 1
neutren detector {proportional boron cournters or erystals or,recently . highly cffectve coro
na tubes filled with He at a pressure of 0.4MPa) with associated electrical cireuits.
In additon. most downhole probes are provided with a special part to place the sotope
source of gamma rays or of neutrons ar various distances {rom the detector: the detector in
a probie s effectively shielded against this source according to the type of radiaton, Tt is

Hine saving to measure at least two or even more parametzrs at one probe lowering. Ther
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fore multi-channel probes are constructed, which enable a measurement of. e.g. + three
curves of gamma radiation in different energy regions, one curve of gamma radiation ane
one of neutron flux density. or two curves of neutron flux density with two different dis-
tances between the source and detector.

Further electric circuits for adjustment of the parameter measured are located 1n rhe
surface panel. If total activity is measured, it holds one more amplifier, a circuit for pulse
shaping and an integrator, the output of which is connected to a recording galvanometer.
In instruments for spectral measurement the amplifier must maintain the ratio between the
amplitudes of individual pulses. The next part of the electrie circuit is then an amplitude
analyser which makes it possible to choose the energy window ,a pulse counter or again the
integrating circuit with cutput to a galvanometer recorder.

There are three main types of nuclear logs:a)logs that detect natural gamma radiation
of racks by logs using artificial gamma ray sources,and ) logs employing artificial neutron
sources.

(From Introduction tv Applied Geophysics: Geophysical Well Logging, pp507T  508)

New Words and Expressions

1. steadily ['stedili ad. BUEHE 11. documentation [dokjumen'teifan] n. 3XfF: X
2. peculiarity [pikjuli'eriti] n. 3ERE: 56 #F it
i3 12. probe [proub] n.#&éH: %
3. detector [ditekta] n. 3530 2% 13. exceptionally [ik'sep[anli] ad. {3k H; ¥ L
4. radiation [reidi'eifon] n. &85 $F4 14, inset {fin'set] n.$H A
5. gather ['gmda] vt. 8% K&, RS, X 15. intentionally [in'tenfonli] ad. % B #e; 3 &
i3 16. interaction [intarack[an” n. FIHAEH U
6. caliper ['kalipa] n. Wi23%, HE I
7. collimate ['kolimeit] vt- WE#E: FOHE 17. photomultiplier [foutou'maltiplaia] n. #6815
8. uncollide {'ankalaid] vi. TiEM: A%, T WE
Stk 18, galvanometer [geelva'namita] n. HLIR T
9. flux [flaks] n. R E: #E& 19. amplifier ['mmplifaia] n. B K38
10. refine (ri'fain’ vi. §46: 12500 20, panel ['panl] n. HE
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Lesson Twenty-three

Text
Magnetic Methods

When placed in a magnetic field of given intensity, rocks develop a varying degree of mag-
netic polarization. The strength of this polarization depends principaily on the magnetic
susceptibility of the material concerned,which is in turn kargely related to the abundance of
specific components, such as magnetite or ilmenite ,among the minerals present. Most sedi-
mentary rocks have relatively low magnetic susceptibilities. The susceptibility of erys-
talline basement rocks rends 1o be somewhat higher, while mafic and ultramafic igneous
bodies usually exhibir particularly high susceptibility values.

Except for rare examples of materials that have been struck by lightning, magnetic
rocks have almost always acquired their polarization from the earth’s magnetic field. In
many cases, the effeets have been induced by the field in existence at the present time . but
if the rack was formed at a time when the field was differently oriented . or even reversed,
the effects of that field may remain as ‘remnant magnetism’ in the material as well.

Differences in polarization of different rock masses give rise to local and regional
ancmalies in the varth’s magnetic field. Magnetic methods are based on mapping out these
anomelies, using ground-based, shipboard or aerial equipment to measure either the total
intensity or the vertical component of the field at points across the study area. Allowance
mus: be made for fluctuations or ‘drift’ in the earth’s field with time. which may be the
resuit of long-term (secular)or daily (diurnal) variations as well as short-term disturbances
due 10 magnetic storms.

An airborne magnetic survey can be used in coalfield studies to map out the broad
structural framework ol a large explorarion area. Such a survey depends on the existence of
a conlrast in magnetic properties between the basement rocks and the overlying sedimenta-
ry strata. and. if all else is equal, the results will generaily reflect variations in the depth
to crystalline marerial. Tt will not detect coal, but if a sedimentary or tectonic model is ap-
plied to the sequence in question, it may assist in delineating those sectors likely to have
significant coal accumulations at a reasonable depth.

Ground or vehicle-borne magnetic surveys are more commonly used for closer investi-
gations in coalfield exploration. They may be used to provide further information on base-
ment-controlled geological structures,or 1o map out any bodies of mafic igneous materials,
such as sills. dykes and lava [lows, that occur within the area. The igneous bodies may act
as markers {or the sequence under investigativn, and help 1o delineate the outcrop pattern
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of the coalbearing units, or they may act as intrusions that locally increase the rank of the
coal and, in some circumstances, increase the value of the material. More commenly . how-
ever, igneous intrusions form barriers to mine development, and even render seams com-
pletely unworkable uver large areas due to replacement and cinder formation.

Broad, low-intensity anomalies in this case were found to be related to structural fea-
tures, while smaller, more intense anomalies were associated with igneous intrusions.

Magnetic anomalies, usually of a smaller magnitude, may also be associated with the
presence of fraciured strata in joint zones and fault planes. The fractured rock may be pref
erentially mineralized by material of different susceptibility to surrounding strata. ot else
be leached of magnetic material, such as a ferruginous cement, by deeper weathering. In
either event, they may show up as anomalies in dezailed magnetic surveys, Like the igneous
hodies, these structures can provide a barrier to mining, and their significance should be
{urther evaluated as the programme proceeds.

In some areas. ground magnetic techniques can be used for the delineation of burnt
zones that may develop due to in situ combustion of coal seams in their outerop area. The
burned-out coal bed, as well as some of the surrounding non-coal strata. may become
strongly magnetized during the cooling process, and produce a significant local ancmaly.
This can be used to trace the outerop of such seams,even where they have been heavily ob-
scured by soil . 1alus or vegetation, and hence provide valuable data for field mapping siud-
ies. The technique can also be used to determine the extent of the burnt-out zone away
from the outcrop. and assess the amount of otherwise mineable coal that has been de-
stroyed in the combustion process.

(sround magnetic surveys for regional studies may be based on traverses along existing
roads and other access routes in the area. For more detailed studies, however, especially
over critical parts of colliery holdings, a surveyed system of intersecting traverse lines is
necessary, with points of observation spaced 1¢—50m apart. Care should be taken in all
cases 10 avoid observations at points where objects such as metal fences. railway tracks.
power lines ete. are in the vicinity ,as these can cause spurious results. Surficial ferruginous
deposits such as laterite must ziso be taken into account. Magnetic surveying can be used

in underground mines (Henderson 1967). but problems of interference from metallic fea

tures and electrical equipment may be significant limiting factors in these circumstane
Because the number of corrections to be made is relatively small .the recording of mag
netic data is a relatively simple process. However, the recognition and interpretation of in.
dividual anomalies is complicated by the faet that the orientation of the magnetic polariza-
tion in the rock. as well as its intensity. can play a part, and by the possibility that several
anomalies from different sources may overlap in the field. As with gravity studies. the in
corporation of all relevant geological data is vital to the success of the operation.
CFrom Coud Gealogy and Coal Vechnology: Couallield Exploration, ppl80 --182)
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New Words and Expressions

1, polarization [poularai'zeifan n. &k 6. diurnal [dai'anl] a. #HM: BEM

2, ilmenite [ilminait] n. EhEEF" 7. dyke [daik] n. BHh; Hik

3. allowance [a'lauans} n. JRifF: HEF 8 talus [Meilas] n U3, ¥W

4. fluctuation [flakrju'eifon. n. B &{E 9. leach [litf; vi. & Wi

5. framework ['freimwak n. H#E48 10. ferruginous [fe'rudzinas] a. kY. &M

Note to the Text

++but if the rock was formed at a time when the field was differently oriented, or even
reversed, the effects of that field may remain as remnant magnetism in the material as
well, {HE, MRHAREMBEFG AR, BEFFEITE QAT W28 5 i %R B fE 1L
HRMEABRE TR,

Exercises

1. Questions for review;

1) What does the strength of magnetic polarization depend on?

2} What give rise to local and regional anomalies in the earth’s magnetic field?

3) What are the differences in the susceptibilities for different kinds of rocks?

4) What can the magnetic method be used for?

5) Why are the recognition and interpretation of individual anomalies complicated”

2. Choose the correct answer {from alternatives,

1) The earth’s magnetic field is thought to be generated by which of the following .
a. Electrical currents generated by convection ir the core.
b, Electrical currents generated by convection in the asthenosphere.
¢, Permanent magnetism of the mantle,
d. Permanent magnetism of the core.

2) Linear magnetic anomaiies, which are observed to paraliel the mid-oceanic ridges .
have been correlated with the magnetic reversal time scale by
a. The directions of their magnetization.
b. The sequence and relative widths of the individual anomaly bands.
c. Matching of symmetrical bands on either side of the ridge.
d. The intensities of their magnetization.

3) Tn which of the following environments would a piece of basalt, cooled from 600 ( .
1ot acquire remanent magnetization ;
a. In a simple furnace, on the equator.
b, In a simple furnace. at the north magaetic pole.

c. Inside a coil through which D teurrent is flowing.
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d. Inside a coil through which AC current is flowing.

4) Which of the following rocks would not retain remanent magnetism recording the
direction of an ancient magnetic field.;
a. Basalt b. Magnetite ¢, Quartzite d. Shale

5) Determination of the inclination and declination of remanen: magnetism in rocks of
a single age from one continent yields which of the following palecgeographic data:
a. Paleolatitude and paleolongitude.
b. Paleclatitude and evidence of rotation of the continent.
¢. Paleclongitude and evidence of rotation of the continent.
d. Paleolongitude only.

3. Give the Chinese/English equivalents for the following:

1 Mﬁflﬁ]_ 6} matural remanent magnetization
2y W 7) susceptibility

3) ®ik 8) ferromagnetic

4) RE{R A 9} magnetic property of rock

5) YrklaR 10) direct problem of magnetometry

4. Translate the {ollowing paragraph into Chinese:

Magnetic property of rocks: A knowledge of the magnetic properties of rocks
from the region in which a geophysical survey is to be catried out, is usually impor-
tant for three reasons. First of all, it forms a basis for deciding whether it is expedient
to use magnetic methods for solving a given problem and, if so, also forms a basis for
selecting a suitable method of working. Secondly the interpreter draws the knowledge
in evaluating the causes of observed magnetic anomalies. Finally, a more detailed
study of the magnetic properties may in itself disclose important facts, e. g., about
tectonics, structural geology , stratigraphy, the age of rocks and ores, about the condi
tions under which they were formed, about their genetic interrelationships, mineral
compaosition, ertc.

5. Rewrite the following sentences by putting the words in parentheses into the right order
like the example:
Exampie: Seldom {you come across) bargain.
Seldom de you come across bargains.
1> Little (I expect) to meet you here.
23 Only in summer (it be) warm enough to swim in the sea.
3) Not unti} a long time afterwards (T {ind out) the truth.
4> Only by practicing every day (you can hope) to improve your English.
5) No sooner (the bell ring) than everyone rushed out of the room.
6) Hardly (you will find) such hospitable pecple in any other country.
7) Never again (I will stay) at that awful botel.
8) Only if the weather stays fine (we will go) on a picnic.
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5. Translate the following sentences into English;
1) BT ARSI ERESY.
2) HAWMELRR T SRBET UMRA RN
3) REGHAI AN AT R,
4 EHUHENT . FRRNERARTEESHELMESEITRERITER,
5 IFRLE R Z AT E R TR L RARE.

Reading Materials
(A) Interpretation of Magnetic Anomalies

The essence of interpretation is the solution of the inverse problem of magnetometry : given
the distribution of the anomalous potential or of tts derivatives over a given surface we
want to find the shape, position and dimensions of the disturbing body. However, the inter-
pretation of anomalies does not mean just the solution of the inverse problem, but also de-
termining the rock types and structures which are the cause of the anomalies. In interpret-
ing. therefore, it is necessary to know not only the reaults of purely geophysical observa-
tions , bur alsc the geology of the region and the magnetic properties of the rocks which oe-
cur in it, In contrast to gravimetry, where even quite extensive sections of gravity maps can
he interpreted as a whole to obtain the required geological information because of the rela-
tively low variability of densities (this is particularly the case in the geophysical study of
the relief of the crystalline basement of sedimentary basins), the high degree of vanability
of the magnetic properties of rocks usually forces us to individual evaluation of magnetic
anctnalies.

In general, the solution ¢f the inverse problem of magnetometry is ambiguous. as in
gravimetry., With a view to the nature of real geological bodies it is , nevertheless, possible
to determine some positienal parameters, e. g., the distance from the Earth’s surface w0
some of the characteristic points of the body, without making any assumptions about i1,

The possibility of cbtaining an optimum and likely determination of all required pa-
rameters {position. depth, shape., dimensions, magnetization) depends on the quality of
existing geological and geophysical data on the body, which enter the solution as known
constants. e. g., the shape, the depth of the upper or lower boundary, magnetization.
data on penetrating bodies, etc, The more of these supporting data available, the smaller
the number of unknown variables and the smaller the degree of ambiguity of the sotution.
In ordinary practical interpretation homogeneous magnetization is assumed as a basis. {The
differential magnetization of the body M, defined in comparison with the ambient medium
to which the normal field corresponds, is. of course, decisive for the generation and inter-
pretation of the anomaly. )

A fast evaluation of a magnetic image {map), ¢xtensive in area, can be achieved by
qualitative interpretation in which the situation of magnetically distinguishable geological
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bodies is determined approximately in the map; by means of simple methods and rules.
some characteristic elements of these bodies are estimated (approximate depth, direction,
dips depth range} and an opinicn of their geological importance may also he presented. * )
Quantitative interpretation. in which more detailed data on the determining parameters of
+he disturbing geological body are derived, sometimes using guite complicated procedures
and computatlions ,requires a detailed and accurate knowledge of the cotresponding magnet-
¢ anomaly.

The simultaneous determination of the shape and other parameters (e. g. , depth)using
an analytical methad causes difficulties ;it is .therefore,usual to solve the problem of shape
first and then solve the other problems.

[n some cases an experienced interpreter may estimate the shape according to the con-
figuration of the isoanomalies in the map of isolines or according to the curves of Z,, H. or
ATin the profile map, considering also the geology of the region. The problem of {inding
a shape which fits can be solved by comparing the observed anomaly with the magnetic
fields of bodies of a regular shape. The atlas of thecretical curves may serve this purpose,
The probahle shape of the body and the determining parameters can be established by find-
ing the theoretical curve which agrees best with the curve cbserved along the characteristic
profile.

Besides this method, which is based on the prineiple of best fit. there exist a number
of ather ways of solving the inverse problem, each of which has its advantages and disad-
vantages. Here, we shall only mention some of the betrer known methods, applied particu-
larly o the simple anomalies.

(From Introduction to Appled Geophysics: Magnetometric Methods, pp130--133)

New Words and Expressions

1. interpretation Tintapri‘teifan. n. BRFF; HAQ 11. qualitative ['kwolitativ] a. FHEM
2. essense ['esns_ n. &R LF ~ interpretation ETEEE
3. anomalous [a'nomalas] a. AN ; FEH 12. quantitarive ['kwontitativ] a. FEH)
4. derivative [di'rivativs u., n. #gliEl; BE ~ interpretation B
U B A 13. anzlytical [xenalitikal] a. 878 BN
5. gravimetry [graetvimitri] n. T AMES 14, iscaonmaly [aisoua'momali] n. ZHFER Y
6. venability Tveeria'biliti] n. Biktk; TR 15. isoline ['aisoulain] n. H{E&
7. relief [xilif7 n. HusSpydE A 16. atlas ['eetios ] n. HiPE#H
8. magnetometry Lmagni'tomirri ] n. B ME K, 17. magnetization [ ma¢mitai'zeifoni n. ik &
[::f7 [ Z:3: 3
9. optimum [‘optimem_ n. Ky iS &iF: RIERM 18, characteristic [keerikta'ristik] a. $pHH; H
10, ambiguity [eembi'giu &) iti_ o, & LRI ¥y ERPEN
TTYEM B (B & RRE)
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(B) Field Measurement Procedures

Aeromagnetometry has heen perfected technically to such a degree that it is capable of re-
placing land surveys on a regional scale in full. Because of its speed. resolution, economy.
continuity of measurements . independence of accessibility of a region and of the possibility
of filtering local magnetic effects by changing the fiight altitude, it has become 2 highly ef-
ficient method in ore-mineral and oil prospecting, as well as in basic geological research.
The high sensitivity of the modern airhorne magnetometers, which allow anomalies with
amplitudes of less than 1 nT to be recorded. has turned aeromagnetometry into a universal
method usable in nearly all geological terrains. because the required differences in magneti-
zation (larger than 10 A m™') can be measured even in sedimentary rocks.

The scele of the airborne survey is ronghly determined by the geclogical purpose i1 1s
to be used for. In selecting the interval berween the profiles and the {light altirade. we draw
on certain assumptions abowt the size and depih of the magnetized bodies which ar the ab-
jects of interest. For example, a survey on a scale of 1:500 000 {distance between profiles
is 3 km) serves to delineate regional geclogical structures. a survey on a scale of 1:200 000
(distance between profiles is 2km) is conducted with the purpose of ohtaining more accu-
rate strucrural shapes and data on the relief of basin basements, The flight altitude depends
on the circumstances and filtration intentions and. as a rule, varies between 1000 and 100
m; sometimes a constant flight allitude is preferred, at other times a constant relative alu-
tude above the terrain is adopted. In more detailed and complex surveys. usual in ore
prospecting, the flight is made as low as possible. respecting flight safety regulations
(zround 50 m). The largest scale which has been used in operation is 1:10 000 {distance
berween profiles is 100 m),

Marine magnetic measurements are mostly carried out within the scope of global geo-
physical research or prospecting for oil or natural gas, usually 1ogether with other Kinds of
megsurements, e. g. » gravimetric, seismic, bathymetric. Flux-gate, proton, atomnic magne-
tometers as well as various types of gradiometers are used. The sensor, in a non-magnetic
container ., is fixed to a cable 150—300 m long (depending on the tonnage of the ship) and
is trailed behind the vessel, most frequently at a depth of about 20m (fish).

The methed of measuring and processing the data is anzlogous to that used in airborne
surveys. Various systems of radiolocation, the Doppler-sonar system or satellite signals are
used for navigation and determining the position. Detailed data on the variations of the geo-
magnetic field can be obtained if a variation recording buoy is set up in the middle of the
surveyed region; otherwise, the variation pattern can be derived from simultaneous mea
surements with a magnetometer and a horizontal gradiometer. In general, magnetic mea-
surements on seas are more tedious and as a rule provide less accurate maps of the anoma-

lous field than airborne magnetic survey.
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Magnetic land surveys now maostly involve detailed measurements, They are often con-
ducted in areas, discovered by airborne surveys or anticipated geologically, where deposits
may be expected, and for purposes of detailed geological mapping. The wark is carried out
using large map scales of 1:1000 to 7:10 000 according to a detailed project plan.

Two factors have the most disturbing effect on magnetic measurements; time varia-
tions of the geomagnetic field and the instrument drift.

A. If the demands on the accuracy of the measurements are not stringent. the approxi
mate pattern of variations is usually determined together with the drift of the instrument
(if any) by repeating observations at regular time intervals at a selected base station
(BS), which must be located in an undisturbed magnetic field. If an extensive detailed sur
vey is being conducted, it 1s useful to establish a network of base stations, suitably dis-
tributed over the surveyed area.

B. If bigh accuracy is required in the resultant magnetic maps. it is expedient 10 usc
a sensitive instrument with no drift and to record the veriations at a variation station
(VS) in the surveyed area with another instrument. Another good basis for corrections for
variations are the variation records from magnetic observatories which, however, should
not be too distant.

(From Introduction to Applied Geophysics: Magnetometric Methods, ppl20-—122)

New Words and Expressions

1. aeromagnetomerry [ 'earoumagni'tomitri] n. A 9. radiolocation [reidiovlou'keifon ] n. Fo#kdg € i
= 19, Doppler-sonar ['dapla-scuns] n. HiE g
2. senmsitivity [sensi'tiviti] n. RAHE 11. tedious [idps] a. TR ZMRGT, F A FAHAT
3. accessibility [eksesi'biliti] n, BiEEHE 12. tonnage ['tanidzl n. WEfii; HFKE
4. bathymetric [bafi'merrik] a. MR, ¥ 13. vessel ['vesl] n. #F
1 14. expedient [iks'pi:djont_ a. FHHH: JriEf, &
5. flux gate [flaks-geitj n. B[] Fity
6. protop ['prouton] n. EF 15. stringent ['strindgant] a. A
7. gradiometer [greidiamita] n. BAEE{Y 115, anticipare [een'risipeir] vr. FEH. MHE
8. sensor ['sensa] n. HHEEME, X
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Lesson Twenty-four

Text

Gravity Anomalies

The values of the acceleration of gravity g ianclude the effects of all masses within the
Earth. The geometric figure of the Earth,the uneveness of its surface,as well as its compo-
sition and geological structure are responsible for the fact that the acceieration of gravity
differs from place to place on its surface. In studying the structure of the Earth we are pri-
marily interested in the effects of masses(rock complexesdistributed irregularly within the
Earth, in particular in rthe Earth’s crust. However, the effects of these masses on the values
of the acceleration of gravity are obscured by effects due to other factors.

In applied geophysics, in order to emphasize the gravity effects of the irregular distri-
bution of masses, we look at gravity anomalies, generally defined as the difference between
the actusl acceleration of gravity (cbserved at the Earth’s surface) and its computed theo-
retical value. In calculating the theoretical value we adopt the normal acceleration of gravi-
ty ga» the gravity effect of the reference ellipsoid with the same centre of gravity. total
mass, axis and angular velocity of rotation as the Earth, as the basis. The values of the
normal acceleration of gravity g.are referred to the surface of the reference ellipsoid. How-
ever, the acceleration of gravity g is usually observed above (or, exceptionally . below) the
surface of the reference ellipsoid (on the real Earth’s surface}, In order to be able to caleu-
late the gravity anomaly both quantities must be referred to the same height. Thar is why
we reduce the values of the normal acceleration of gravity g, to the heigt of the point at
which the gravity anomaly is being calculated.

The gravity anomaly Ag at point P may then in general be defined as

Ag (P) =g (P} — [g. (PY +R (P)] =g (P) —ga (P}
where g (P) is the acceleration of gravity observed at point P, g. (P.} is the value of the
normal acceleration of gravity at point P, which is located below (above) point P (on the
surface of the reference ellipsoid at zero height above sea level) , R (#) is the gravity reduc-
ticn, and g, (P) =g, (P.} +R (P)is the value of the normal acceleration of gravity reduced
10 the height of point P.

In applied geophysics we most frequently use the Faye reduction (free-air correction).
the Bouguer reduction and the isostatic reduction, Depending on the reduction used, we dis-
tinguish between Faye anomalies. Bouguer anomalies and isostatic anomalies. The amoma-
lies most frequently used in investigating the geological structure of the Earth’s crust are
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Bouguer anomalies.

If we are 10 reduce the normal acceleration of gravity g. =g, (#,)to the height of pomnt
o located ar elevation A as if there were no masses (rocks ) but only air between the surface
of the reference ellipsoid and point P, the reduction term Rr (P) would be equal 1 the
change of the acceleration of gravity §g. The Faye anomaly Agr will then be defined by the
relation

Age= g —g.+ 3. 0864,
where —3. 086f — Ry represents the Faye reduction.

Thus, the Faye anomaly reflects the eiffect of anomalous masses within the reference
ellipsoid and of all masscs outside the reference ellipsoid (above the surface of reduction sca
level ).

The Faye reduction neglects the effect of all masses (rocks) located between the topo-
graphical surface of the Earth and the reference ellipsoid. The effect of these masses (its
magnitude dependsion the distance of the ropographical surface of the Earth from the ref.
erence ellipsoid), however, Is contained in the value of the observed acceleration of gravity
g. I we eliminate the effect of normal masses. located between the topographical surface
and the reference ellipsoid (sea level - surface of reduction), from the Faye anomealies. We
obtain Bouguer anomalies.

The Bouguer reduction does not eliminate the effect of masses which are located above
the Bouguer plate but below the ropographical surface. and which diminish the anomaly.
Also we should subtract the effect of any non-existent masses between the upper surface of
the Bouguer plate and the topographical surface,where the latter is helow the level of point
#- and thus diminish the anomaly further. If the area around point p is level, the errar in
caleulating the Bouguer anomaly is negligible. If the topographical surface is uneven. how-
ever. We will find apparent negative anomalies in places where there are hills or valleys.
That is why we introduce topographic corrections into the calculations of Bouguer anoma-
lics . which eliminate the gravity effects of the uneven topographical surface——the ter-
rain. The anomalies are then referred 1o as complete Borguer anomalies or Bouguer anoma-
lies with topographic correction.

CErom Introduction to Applied Geaphysicsy Gravimetric Methods, pp9 11}

New Words and Expressions

1. uneveness _an'ivonis_ n. 73 iH s UK ~ anomaly A%
2. ubsvue [abe'kjua_ vt HEEEHR; A0 BHE 7. isostatic [aisou'stetik” a. &I
3. ellipsotd Jilipsoid_ n. 800 HEE ~ reduction FJH £ E

. diminish [di'minif] v ® 45 Wl S
. uneven | a'miven] a. T HEHA] BHIEH

{. Faye ([ree-air-correction) Al ST
5. reduction [ridakfan” n. £l i
A, Bouguer ['hauge] n. 4ifl

w0
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Note to the Text

That is why we reduce the values of the normal acceleration of gravity g. to the heighr

of the point at which the gravity anomaly is being calculated, TR EIT M 2 1FE
HiEEEHREIERE A REHNEENEEAE.

1.

Exercises

Questions for review;

1) How many factors affect the values of the acceleration of gravity?

2) Whar are the Faye anomalies?

3} What are the Bouguer anomalies?

4) What are the complete Bouguer anomalies?

5) What are the normal acceleration of gravity?

Choose the correct answer from each alternatives.

1) Recent uplifted. young mountain belts exhibit;

a. lLarge positive Bouguer anomalies,
b, Large negative Bouguer anomalies.
c. Large negative free air anomalies.
d. Zero Bouguer anomalies,

2) Large positive Bouguer anomalies are typical of;

a. Abyssai plains of the cceans.

b. Continental shelves

c. Deeply eroded. old mountains belts.
d. Deep sediment-filled basins.

3) The attraction of plumb bob toward the Himalayas is not as strong as the mass of
these mountains would lead one to expect. Which of the following hypotheses could
not explain this observation;

a. The mountains consist of lighter-than-average crustal material.

b. The mountains consist of light crustal material, and the crust is exeeptionaliy
thin,

¢. The asthenosphere beneath the mountains is hotter and less dense than else-
where,

d. Crustal material extends to great depths, displacing denser mantle material.

4) (Gravitational attraction at New Orieans i3 979. 324 gal, while at Minneapolis. «l-

~—

most 15°the north, gravity is $80. 597 gal, which of the following factors cannot he
said to contribute to this difference;
a. Centrifugal force of earth’s rotation is greater ar New Orleans.

b. Earth’s radius (toc sea level), is greater at New orleans.



c. The station at Min.ieapolis is 256 meters ahove sea levels the one at New Orleans
is 2 meters above sea level.
d. 236 meters of rock stand above sea level at Minneapolis.
3) Which of the following does not play any part in the erosion of the moon's surface .
a. Cosmic rays b. Meterites
¢, Gravity d. Wind blown sand
3. Puta check (\/ ) beside sentenecs with correct word order and an ( X ) heside sentences
with incorrect word order and correct the part thar is wrong
1) Such bebaviour is not permitted in this classroom.
23 So tired the boy was that he fell asleep almest immediately.
3 Only a2 dusk on warm summer nights fireflies appear.
4} On the beach were large globs of oil lying.
__5) So old the hook was that its page had turned yellow.
6} Little do teenagers realize how much they have to learn.
7) Had the motorist been stopped by the police, he would surely have received a
stiff fine.
.. 8 Few and far hetween the gas stations are on this stretch of road.
4. Translate the following passgae into Chinese;

By observing the acceleration of gravity at various points on the earth’s surface.
it was found that systematic deviations in the values of the Bouguer anomalies cecur in
some regions. In ccean areas the values of the Bouguer anomalies are usually larger
than one would expett ‘rom mass deficits in the earth’ crust and, in contrast, in re-
gions of extensive mountain ranges the Bouguer anomalies are smaller than expecred.
These deviations can culy be explained by irregular distribution of masses in the upper
layers of the earth. Consequently, two hypotheses of isostatic compensation of mass-

es in the earth’s crust were developed nearly simultaneously.

5. {ive the Chinese/English equivalents for the foliowing :
1) the aceeleration of gravity 6) FimBEE
2) isostatic correction 7 X B
3) gravimetric survey 8) A%
4} processing of gravity measurements 9) FHEE -
5) prior to commencing field measurements 100 BAHHEE

6. Translate the following sentences info Chinese:
D EABREHERTHZTETHESE.
2) MBREEITET LA S AR,
3 BRERS, RFERRETES.
4 EFRMEEEE T . Sl AT,
5 BEARWHEERYEMELEEBEHNMIRE L.
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Reading Materials
(A) Field Measurements and Their Processing

Gravimerrie surveys may essentially be divided into three stages. The first stage covers the
preparatory work, the second stage the field measurements and the third the interpretation
or the geologieal explanation of the observed gravity anomalies.

As part of the preparation for gravity observations it is necessary to become acquaint-
ed wiih the geological problem to be solved, with the geological structure of the area of in-
terest, We must study in detail the results (including information on the physical praoperties
of rocks) of all geophysical projects which have already been undertaken in the area of in-
terest, evaluate them with regards to the task t be undertaken and prepare proposais for
geophysical {gravimetric) measurements.

The preparation of gravity cbservations itsel includes the preparation of suitable 1o-
pographic data, data on the reference points of the national levelling net and gravity aceel-
eration data at points of the national gravimetric net. Animportant past of the preparatory
work is the preparation of geodetic instruments and particulariy of the gravity meter.
which must he adjusted and calibrated at the beginning and end of the observation season.

Prior to commencing field measurements it is necessary to inform the landowners and
the appropriate authorities of the type and purpose of the planned geophysical work in the
appropriate area and to request permission for access.

In field mezsurements either individual gravity stations (regional survey), or stations
cn gravity profiles or nets (detailed survey-microgravimeiry) are decided upon in the area
of interest and their positions are plotted on topographical maps on a scale of 1510 000, 1
13000, or on even smaller scales, Each point is surveyed for gravity, as well as altitude and
sometimes position.

The heights of gravity poinfs are determined by levelling. Each leveiling traverse must
be connected at each end either to the national levelling network, or to the points of an
auxiliary altitude network,surveyed by accurate levelling. The admissible mean error of al-
titude measurements in regional gravity survey 18 m = £ 0. Im, in detailed survey m =
=+ 0. 02m.

Gravity measurements carried out by gravity meters must be connected to points of
the national gravimetric network. Each gravity traverse must be connected at the beginning
and end of the measurements to the same gravity base point. Tf the measurement is to take
longer than 5 hours, it is necessary also to connect the gravity traverse to the gravity base
point i the middle of the traverse. Should the density of the points of the fundamentai
(national) gravimetric network be insufficient for the gravity measurements being carried
oul. it is necessary to survey an auxtliary supporting gravimetric network. In order to keep
a record of the graviry meter drift. measurements at 10%to 15% of the points are repeated
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a1l 210 3 hour intervals, In very accurate and detailed surveys (miciogravimetry) it is advis-
4ble to repeat these measurements every half hour.

In order 1o dotermine the mean crror of the measurements, independent observations
ire carried out at check points {at least at 10% of all surveyed gravity points). This error
must not exceed -k 0, Spm s” * in regional surveys and +0. Zpm s % in detailed surveys.

Data on the gra::ly measurements are recorded in a gravity log book or on a special
form. The heading of each gravity traverse record must give the survey area. the date, the
type and manufacturer's number of the gravity meter used, its constant and the name of
the operator. The number (stationing) of the point, the height of the stand (provided it
was measured ), the time of the observation and at least rwo readings of the gravity meter,
possibly also the average of the readings (in detailed and accurate gravity surveys at least
:hree) must be recorded at each point.

By processing of gravity measurements we mean the computation used to convert the
initial data recorded in the field, into a graphical representation of the ancmalous graviry
field (profile or map of complete Bouguer anomalies, or a magp of derived fields). In the
course of the processing. therefore, we convert the reading of the gravity meter. in divi-
sions. by mulriplying it by the gravity meter constant into a reading in gm s~ °, we eliminate
the effect of tidal variations and of the gravity meter drift and calculate the acceleration of
gravity at the individual points. Using Equation (1. 21) we then calculate the value of the
complete Bouguer anomalies Ag.

The processing of gravity measurements is very demanding and the manual processing
very tedious. All computational operations are now being carried out hy suitable desk cal-
culators or computers,

(From Introduction to Apphed Geophysics: Gravimetric Methods, pp35—36)

New Words and Expressions

I. levelling ['levalin” n. /KHEME: 87 ] 7. admissible [ad'misabl] a. 7] F M8, THEHN
national ~ net  [HF KAEN & 8. initiel [i'nifel] a. BFIH: FrEFH
2. geodetic [dz () ou'detik] . JoHLIWEFAY 9. acceleration [zksela'reifan’ n. iFEBE: MM{E
3. calibrate Dkalibreit] ve. FE8E; [EtpMEd: )
TrEME 10, stationing ['steifanin] n. ME
1. commence  kamens vt. I BS 11, advisable [ad'vaizabl] a. AME, FTHIR
G oaltitude [leltitjud] o By BE 12. microgravimetry [ ‘maikrougreevimitei] n. #E
. auxiliary [agziliari] 2. WAEY: BHRON MR Hf g
&y

(B) Interpretation of Gravimetric Observations

The interpretation of the anomalous field is a process by which we determme the causes or
sources of the individual anomalies. The purpose of geological interpretation is o give a ge-
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nlogical meaning to the anomalies with due regard to the geological structure of the area
under investigation. In applied gravimetry we distinguish between two ways ofinterpreting
the anomalous gravity field: qualitative and quantizative.

Qualitative interpretation consisis in simply describing and explaining the anomaly ge-
ologically on the basis of geological and geophysical knowledge and particularly on the ba-
sis of experience as to what anomaly (shape and magnitude) a cerrain object (ancmalous
body. density boundary, etc) may generate. In this way we obtain an idea of the pattern
of geological structures and tectonic lines as well as of the places where rocks with 2 high
or low density are concentrated. Reduction using accurate rock densities is required for this
purpose ,however ,practically no further caleulations are required with this method of 1nter
Eretation.

In quantitative interpretation the dimensions, shape. depth and mass of an anomalous
object are determined from the observed gravity anomalies. The data we obtain are, under-
standably. only approximate, because we are deriving several unknown juantities which,
as we shall see later, are inter-related from a single quantity, the gravity anomaly. In quan-
titalive interpretation we introduce the terms direct and inverse problems of gravimerry.

By the direct problem of gravimeiry=we understand the calculation of the gravity of-
[ects (the first and higher derivatives of the gravity potential} of a model of an anomaleus
bady of known dimensions, shape, density and depth (position}. If a homogeneous body
(p=const) of regular geometric shape (sphere, cylinder, plate, step) is involved. the direct
problem is solved by means of precise analytical methods. With bodies of irregular shape
we use approximate integration procedures on which graphical aids or computer programs
have been developed. The direct problem is unigue.

By solving the inverse problem of gravimetry we seek to determine the shape. dimen-
sions and depth{position)of a disturbing body responsible for a known anomaly. This prob-
lem is not unigque. The ambiguity of its solution lies in the realization that various combina
tions of the spatial distribution of anomalous masses and their densities can generatre the
same anomalous gravity field. In the interpretation we usually make certain assumptions
about the geometric shape of the anomalous body (we compare it, for example, with a
sphere} and about s density, which need not conform to reality.

The cbserved anomalous field is an image of the effects of all masses. Individual
anomalies differ in magnitude, they have different wavelengths. Extensive anomalies. with
large wavelengths, correspond to extensive and frequently deep-seated geological struc
tures s whereas anomalies of small areal extent, with small wavelengths.coriespond 10 small
and subsurlace bodies, Quantitative gravimetric interpretation can only yield good resulis
if the anomaly bemg interpreted is caused by a single disturbing body. or ar least hy
anomalous masses of one type, [t is.therefore , convenient 10 separate the individual anoma
lous components for purposes of interpretation. By separating the individual components .

i. . hy filtering the observed anomalous field we obiain derived fields.



In geophysics it ts usual to refer to three-and two-dimensional bodies. A three dimen-
sional body is a body which has finite dimensicns in all directions {(in the directions of the
co-ordinate axes . y» z) A two-dimensional body has an infinite dimension in the direction
of the horizontal y-axis and, therefore, two dimensions in the vertical xz-plane are suffi-
cient to describe it. Practically every body whose dimension in the direction of the y-axis is
3 to 5 times larger than its depth may be considered a two-dimensional body. The solutions
of the direct and inverse problems for two-dimensional bodies are substantially simpler
and, therefore, more useful in many cases of interpretation.

(From Introduction to Applied Geophysies, Gravimetric Methods, pp37—38)

New Words and Expressions

1. graphical ['graefikol] a. FRR, BEIRM two ~ FTHEE
2, unigue [ju () 'nik] a. ME—BY 4. ronform [kan'form] wt. {8 —3(; {#&45
3. dumensional [di'menf[anal] a. 28} 5. investigation [investi'geifon] n. HE; #H
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Vocabulary

A

abate Ca'beit. v. M4 3T
abrasive "a'breisiv] a. SFHEAY n. BEH R
abstract [eb'straekt] vr. HH, BH, £

5 16RA
sbstraction [ab'strzkfan] n, B¥H . 5,

3l 18RA
sbyssal ['abisal] a. WA, WA ATHN

~ plain FFFTIE 1R
sccelerate [ak'selareit] v. 10, R,

il 17RA
acceleration [aksela'reifan] n. HINEH ;

h % 1 11 24RA
accessible mek'sesabl] a. BEEEEN; HE

Eliip) ZIRB

sccessibility [seksesi'biliti] n. BiEidH 23RB

accessory mineral [zek'sesari minaral |

IR IR
accordingly [okodinli] ad. HiRi#h Ht  21RA
accretion [='krifon] n. MG, MHk 16RA
aceuracy [‘mkjurssi] n. KW, AEWE 5R
avidity Taviditi n. B, MM 3T
scoustic [a'kustik, a. AH AT
act as KA, #e-fFHE 15RB

sctinomycete [acktnou'maisit | n. B # 0RE
sdaptation [ wdaep'eifan] n. EN . il

TERGB L 4T
addition o 1§ 16T
admissible “admisabl a. AT FHM

o b 21RA

admixture [ad'mikstfa] n. 1E&: BEYW 10T
sdvancing [ad'vamsig] n. a. @R 12RA
adventitivus [adventifes] a. FRYCHT; AS
—IEE 10T
adverse ['mdvass” a. AT, HEH 17RA

advisable [ad'vaizabl’ o, HE4AY: TTHRE ZiRA

aeration (eia'reifan_ n. @M EH f£9 T
aertal ['eorial] a. HUZSH S

aerial photograph  ##FH K 11RA
aerobic [ea'raubik] a. FHEMH aT
aeromagnetometry ['eeroumagni'tomitn

n, AUE#HN 25RB
alforestation [aforis'teifon] n. MM 17RA
agate [‘egat] n. BER T
aggregate ['mgrigit” n. BEE 1&RB
agronomist [a'gronamist. n, Tk HFF,

RER, REA 3R
agronomy [a'graunami] n. & () .

. e 17RB
aim at  BiHE, 58 18RE
airborne ['eabon] a. “Shfy; THEM:

BIEW nT
aireraft [ea-'kra:dft] n. #i=E8%; ¥Hl 20T
alabhaster _'zlabasta] n. EELH 2R
albite ['elbait] n fHIREH iT
algae ['wldgi] n. falga [‘elges WIEFED

B 1
alginite [#lginait] n. AL TURA
alicyclic [weli'saiklik] a. NEFFAEHY SRB
alien [‘eilon] a. HWRA AMEH 6R
aliphatic Teeli'ferik] a. FEAFHRE 9RB
alkalinity ['mlka'liniti] n. WE. @k ¥
ellochthonous [o'lok8anas] a. #h%EM;

B 7L
silowance [o'lavans] n. iF: HEIF 23T
alluvial [a'tuvial] a. #HLEY 7T
alluviate [oflarvieit] v. 7T
alluvium a'lwviom ] n, WAH; WH#E 12T
almandire ['mlmondait] n. KB A 2R
alter Tailta? vto W Hsh 1T
attstude [wltitped] n. & BHE 24RA

aluminophosphate [o lpuminsu'fasfeit ] n.
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PR 10RB
aluminosilicete {a'luminsu silikitD n. 80

[CEN 2T
ambient [‘sembiant] a. FHEH 17ZRA

ambiguity [embi'guiti] n, # Xy Z&H¥E 10T
umbiguous [wem'bigiuas] a. nfREH M AL

B BT R 18T
ameliorate [o'midjoreit] v. TEE, Mg

4T 12T
ammonia (e'mauniay n. & 9T
amorphous Le'matas] a. B EH.

T ZR
amphibian [@m'fibian” n. . a. AHEEY.

PAR T 5T
arnphibole ['emfiboul] n, (AT 2T
amphibolite [em'fibauiait} n, W4 16T

ample [‘empl] a. B84 ; FTHA: BAH 1T

amplification [emphfikeifan] n. § X

Bk 21RB
amphfier [emplifaio] n. HKH 22RB
anaerobic [o nei'robik] a. REM oT
analugy [ameelodzi] n. Wl XK iR

analogous [a'nelogos, a. HBEiAy; LA 22RA
analytical (mna'litikall &, SP878 B 23RA
anastomose [gnastemanz] v. M5 R
ancestor ['mnsista, n. 5 4R
anchar [‘enka] v. WM. R . $iE  15RA
Andes ['eendiz] n. FHEHLM (BEEHN) 6R

andesine [fendizin] n. G £ 3R
andesite Ulendizair] n. 1% 3R
angiosperm wndzisuspamn] n. ¥ T4  9RB
anhydrite [#n'haidraic] n. WHE 10RB
anisotropy [eenai'sotropi_ n. &[R4 IRR
ankerite ['wpkerait] n. FKEFHF 10RB
annual rainful HREEE 18T
anode ['Enovd. n. M#; L& 22RA
anomaly [a'namali] n. B& SRR
anomalous [a'momalas] a. AAME.

S 23RA
anomslously [a'nomalasli’, ad. ¥ HL 9RB
angrthte "a'lnodait] n. L 2T
anorthosite [m'nofgsait] n. FHE 3R
Antartca [ent'aitikal n, P8R M 4R
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anthracite ['mnfrosait] n. TS wT
anticipate [sen'risipeit] ve. F8H; B 13RB
anticlinal ['enti'klainl] a. WHIHY

~ limb FHE 15T
anticline ['zentiklain] n. H#} 19R
antique [aen'tik] a. HEFWHEH: HHUTH 6K
apatite ['mpoatait] n. BEX 10RB

aphanitic [afonitik] a. BR&EK; FBHFH IR
apparatus [empa'reitas ] n. {{3%; #&,

*E 20R
appreciable [a'pri:fiabl] a. v fHitfy T
aquatic [o'kweetik] a. KEH: AH T
aquiclude ['mkwikiuwd] n. KR 13T
aquifer ['zkwifo] n. &KE 117
aguifuge ['wkwifjinds] n. FEKE 14T
aquitard ['ekwitad] n. FBEHEKE 15T
arbitrary ['mbitrari] a. LY HEILAY,

e 138
Archaeozoic ['akia'zouik] n., a. AH

). KER D &S
arenite [‘eranait] n. B85 8R
argon [ 'ggon] n. A 1T
arid ['wrid] a. TRH; HHFY 20R
aridity {e'riditil n, T8 2R
arise [a'raiz] vi. & (%) ¢, L#H,

I 17RA
aromatization [sroumatai'zeifan] n. F & HRE
array [a'tei] n. HEF 20T

artesian {o"tizjon] & BIM
~ aguifer HEAKEFAR: FHEEKE 13T
articulate [atikjulic] v, (FERSE) £

articulated roof bar  £CEETHIE 1?2RA
as a ccnsequence [ M 87T
asexpected FHFTR; EMBEH—#  18RA
as 1o -k, BE ET 18RB
ascertain [msa'tein] vi. WE., 18RB
assess [a'ses] vi. {hfrs EE 16RB
assign [o'sain] vi. WRXE. 8 & 15T
assimilate [o'simileit] v, EuY 181
assimilatien [a simileifon] n. 4L 14

i85 1IRB
asthenosphere {a'Benasfial n. WiKE IR
astropaut [mstranot] n. EHEHITF R 1T

v e
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asymmetne [sesi'metrik’] 2. A ERA 8T
atright angles to LW HMA, 5 -BH 16T
atlas [aetlos? n. shpSHR 23RA
atmosphere MNetmasfia] n. K4, XS

%4 1T
attain [a'tein] v. HKH. #i8 15RB
attrital layers HHE 10RA
auger ['o:gall w, WRIEEL: MIEEY SRA
augite ['adzait] n. (@) BH 2T
augment [a:g'ment] v. M, ¥, Fk T
avlacogen ['nlekedgon] n. Wik 8T
aureole ['wrisul] n. HEEREAEAH 9RB
authigenic [abi"dzenik’ a. H4EH iT

autochthonous [or'tokBanas] a.  JELHLEY 9RA
auxiliary [og'ziliori] a. HETEY: BEE&

KR 24RA
availability [aveila'biliti] n. & f#E,

MHRNE. HER 17RB
avenue ['avinjul n. HE 17T
awesome ['mvsom] a. W BE 1K
azure ['m3a) a. KBfdy; HEAY: AT

4, BEm 1T

B
back-barrier ['back-beeria] n. Bl . 7R
backboned animals ¥HE Y 41
bacteria [baek'tioria] n. .,

bacterium § 8 ¥ 16RB
bacteriological [baktisra'lodzikal] -a. 408

GO t6RE
barometric [baramerrik] a. E (i) By 1RA
basalt ['besa:lt] n. TR i 3R
base flow MGHE. HH, FLBIH 16RA
base map ACE: 1fEEHE 11RA
basinwise ['beisn'waiz] a. FMAHY 17RB
bassanite [hasonait] a. $SEHE 16RB
batholith ['heehalif” n. 23 3R
bathymetric [bafi'metrik] a. MR ;

BFiRe 3RB
hauxite ["hoksait? n. E1F i8T
be marked by« Ll H¥RE; - HBHME 0T
be overlamn by 1 HH 15RA

\

be related to <+  H-FH3E ()

be restricted to+r  (H) FRF--,
e il

be worn away f#

bear out ETE: iEE]

bearing ['bearig] n X R E

bedding-plane ['bedi'plein] n. 2@

bedrock [bedrok] n. ¥

bedsets ['bed'sets] n. HE4

below-normal  $RAELA T Ay

16RA

i6RA
sT
18T
19R
12T
12T
5R
18RB

biblical ['biblikal] a. FE&AY: HTELHN R

biearbonate [baika:bamit] n. WARE

T

bifurcate [baifo'keit] v. 8y X S8 R
biochemical ['baiou'kemikdl] a. 4 ¥ib%¥p 3T
biogenic ['baicu'dzenik] a. EMFEFF=4E.

A AT
biotite ['baiatait] n, &
bit [bit] n. &k
roller bt Fie bk
blade bit RARFH L
biturninite [bi'tjminait] n. HEFF&
bivalve [boilveelv] n TFH
bizarze [bils:] a: HA&ER, RE
FHen
Blaek Hills #3521l (%D
blast ['blast] vi.  #4F: A
blozk [biok] n. Hr, Wbk, SHe, M,
sk '
blowout [blow'aut] n. 30, 3
bog [bog] n. A%, ifih
béggy [hogi] a. A% -
boghead ['baghed] n. i
boom miner B PG IR
bord and pillar method B R &%
baorehole ['bathaul] n. #5A,
boron ['boron] n. B (B)
Bouguer ['hauga] n. &
~ snomaly i) 7 ¥
houhd by  LL--B R, Z--HEH
brackish ['brakif] a. FHELHY
break [breik] n. {E]¥7. %3
break apart  BIF
breccia [bretfa] n. H#E

3T
2T

1T
10RA
11iRA

17T
15RB
21RB

SR
12RB
4T
3T
10RA
12RA
9RA
11T
16RB

24T



bricklike nature  Z{LLpER LR 18T
brine [brig] n. #HAK. BK 2R
being un gl 5T
bring under FHl. FA (Z b 16RA
brush vegetation M EF 18T
bulk [balk] n. Zf (&), XK&#F4 13T
bulldozing [bul'douzin] n. fiE.& 6R
bump “bamp] n. HFERE

pressure bumps i

shock bumps 4R 12RB
buoy [boi] n. FIE 21RB
burst [bawst] v. B, @4 13R

C

cable-tool drilling R FA# nr
caleite “'keelsait” n. L 2R
calibrate C'kaelibreit” vr. A, ‘EinAEL

5 br 24RA

caliche [kallit)i_ n. W52, HEE, £l 18T
caliper ['kalipa] n. W38; H& 22RB
calorific [keclo'nsfik” a. RS, E8H 9RB
a. EgL D,

ERE W) 5T

Cambrian [kambrian] 7. .

cannel [kanl] n. RUE 10RA
canopy ['kenapi! n. R; Wa 12RA
canyon ['keenjen] n. BEH 18RA

capillary [ke'pilers] n. . a. BHE. BHE
Hi

capillary fringe  F4E{E A4 uT
capture stream-flows & 17RA
carbonaceous [ka'ba'neifos] a. BWEM

R 12T
carbonic [ka:'bonik] a. (&) 8k

~ acid  BEE 17T
Carbeniferous _ ka:ba'nifaras | n., a. &

Bid (Y fIRE () 53T
Carlshad Cavern  FHFILH Y 17T
carrier ['kacrin. n. #IE 21RB
casing ['keisin. n, £& 22T
vatalyee ['katalaiz® v. fiEfk 9RA
catastrophe [ka'tmstrafi_ n. K¥cHE: KR

K 18RA
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catchment [kaetfmant_ n. 8. K
catchment area LK, BREMH  16RA
cathode ['kacboud] n. FEHR; Tk 29RA
cation ['kaetaion] n. ME F: EBT 7]
cavern ['kaevan] n. B 5; ILE 2R
caving ['keivig] n. B B EOHE 12RA
CDP (common depth point?} 379 21IREB
cellular ['seljula] a. #HHARE BFLH:

SRR Ti
cementation [simen'teifan] n. IR&{EH 3T
cementing [si'mentin] a. FELERY: REEHRY 16
Cenozoic [ simazauik] n. . a. EHEE

(1) FER D aT
chalcedony [kel'sedoni] n. EME 2T
characteristic [kerikta'ristik] a. HM:

sy RN 2RA
charge [tfady. n. ¥ 21RB
chart ['tfai] vt, FIEFFRS &R
chastm ['kaezam] n. WiE; POl B4,

TR 5R
chert tfat] n. BH: BHEHS rr
chloride ['kloraid] n. ®ib# 16RB
chlorite ['klorait] n. #EA 2R
chronastratigraphic [ kronastraetigrafik] a.

EHET 5R
cinder ['sinda] n. A LN# 20R

circulate ['sackjuleic] v. () (&5, FiE 15RB
cite [sait] vt. SIH; 3liE: 51#, #14 17RB

clam [klem_ n. & \R
clan [klen] n. T0K; ¥: 28 3R
clarian ['klzerin] n. B# T
clast [kleest] n. BJE 8RR
clastic ['klestik] a. WERH 3T
clayey ['kleiid n., & Tkt K- HEW 4T
claystone [k'leistoun] n. #3147 w2l

cleat [klitd n, W GEED: MEHM R
cleavage ['klividz]) n. BEEE, S5, ¥ i 2T
cleave [kliv] vt. 8; HI 1R
coal-bearing ['kaul'bearin] a. &M LIRA
conlification [kaulifi'keifanl n. HEIL¥EH yT
coalification jump L ERBKE 10T
cobble ['kobl] n. KE: BR
coeval [kau'ival] a. IR YA il B wl SR



coexist ['kouiglzist) v. HTE; L4k 7R
coherent Tkou'hisranr] a. EHH; ERM,

FiLH R &R
cohesion [kau'hizzen_ n. #itE, EE N 18RA
coin [kain] vi. # (FiE%) 15RB
coliforms ['koliformz) n. A& 16RB
collectively [ka'lektivli] ad. 3R] Hb 18T
collide [ka'laid] vi. Wr@; K 5T
colliery ['koliari] n. & 7R
collimate [kolimeit] vi. ff#E; #iHe 22RB
Columbia [ko'lambia] n. G H.IE

(RERAD 18RA
column [‘kolam] n. & & 15RB
come to be known as-- MR - 4R

commence [ka'mens_ vt. FI5; B% 24RA
commencement [ke'mensment] n. i 2IRB
compactible [kam paktabl] a. AEILE  18RB

concentration [-konsen'treifen] n.

-£- 16RB
concentric [kon'sentrik | a. [&—9 {7,

a1 ey 1R
conchoidal [kap'koidl] a. bl 5%4R# 2R
concomitantly [kan'iomitentli] ad. #3fE#L 9RB

concordant {kan'kadant] a. - ;

WriEE; AR 11RA

voncrete | 'konkrit] n. HESE L FHY  18RA
condensation [konden'seifan] n. S8E4EH,

g (D 13R
condense [kan'dens] v. ¥, M4 13R
conducive [kan'djusiv] a. HEhF iy,

HH@F--4
conducive o HET 3T
canduetivity [kondak'iviti] n. 633,

Rt 19T

conduit ['kondit] n. 7Kili; B, HE/KE 15T
iR FREN - 15RA
corfiguration [kenfigiu'reifon] n. #:M;

core of depression

WAL IR Ak 14T
confined aquifer EEFKZ 15T
confinement ['konfainmant] n. ih#k; K,

FE: mE 15T

conform [ken'form] vt. {li—8,; H#& 24RE
vonformable “kan'famabl] a. —3fy; 4

Tl CGhZ) BAW SR

conformity [kano:miti] n. %4 iR
congeal (kam'dzil] v. 845 2R
conglomerate {kan'glomorit] n. ¥k # SR

conglomeratic [kan'glomo'raetik] a. B &R

3 2T
conical ['konikel] a. EHEEM 15RA
coniferous [kou'niforas] a. & -#-$E 9RH
connate ['koneit] a. H4EH., RREH. EX8

~ water LA 7K 14T
consequently [‘konsikwontli] ad. K ff;

B A 15RB
conservation [konsa'veifon] n. fRTF. KIF,

. i 16T

t B 187
comnsistency [kan'sistensi- n. B (E).

considerably less so than

BE BE 18RA
consolidation [kansoli'deifan; n. [H5%

(FERD 17RB
conspicuous [ken'spiljuas ] a. B B A,

aEM IR
constant temperature 15 # 15REB

consumption [ken'sampfan] n. 4%

M 18T
contaminant [ken'teeminant] n. {5344 11RB
contaminate [kan'twmineit ] v, FFE; e 3T
contamination [kentami'neifon] n. 5% 1iR
contemporaneous [kantempa'reinjas | a.

Ratiy: REm SR
continental [konti'nentl] a. KKEEY

~ shelves  JoRBE3R; B

~ slopes B4l

~ rises BHEE 1R
continuity [konti'mju () iti] n. ELEHE 16T
convert---tosr  HE-e T fyoes 18T
converting [kan'vartin] n. ¥, Wk 167
coquimbite [ka'kimbait] n. #H@# 10RB
caral ['koral] n. I 4R
core-drilling [ ka'drilin] n. AR08 11T
costean ['kastin] n. ##¥ 11RA
coupled with B, &4 18T

coupling ['kaplin] n. #54&. KA, B 5R
coverage [kavarid3] n. EFELfEAY#H
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LK
crassispore [kraesi'spor n. BT

Z1RB
10RA

cratonic ['kreitonik] a. TEELE (BFEHBH)

#
creep [krip] n. HHAF

8T
12RA

Cretaceous [kri'teifos] n. v a. EEH (4,

DEE D

crevasse-splay [kri'vees-splei] n. OB
QKK RUBTE#®R

crew [kru:] a. REA ()

crists [ 'kraisiss ( [ ] crises ['kraisnz])

n. fgdl

5T

7R
21RB

18T

cross-linkage [‘kros-'ligkid3] n. 8k, TR 2T

cross sectional area ST A

cross-stratified ['kros'streerifaid] n. A3
SEM

crumble {'krambl] vt. F;

crumple [krampl] vt. - %4, 5

crust fkrast] n. HIFE

crystalline ['kristalain” a. #5REH

cultivation [ kalti'veifan] n, #tfE, ¥

curtail [ko'teil? v, HIXE: /33

cutting ['katin] o ], ¥, B

cycad ['saikeed] n. 7R8: (B}

cylindrical [si'lindrikal] a. [AEHEEM

D

dam [dem] n. v, KH; 04, BH
K5

Dercy’s law EPIER

date back i8M (F])

dating [deirig] n. FEEME

debris ['debri] n. H&, BAH

decent [di'sent] n. [fl#. MfF, T

decimal ['desimal] a. eIy, HHH
~ fraction (+#HD A8 ko

decimare {'desimeir] vi. B39 K845

decipher [di'saifa] vt. ¥

decline [di'klain] v., n. T

decompose [\dukam'pauz] v. () B,
Ea

decomposition [ di:kompa'zifan] n. 4+
230

16T

12T
4T
6R
1R
2R
18T
9T
22T
10RA
1T

18RA
16T
15RA
5T
T
4T

16T
17RA

16RA

4T

UER> 15RLs
decoupling [di'kaplin] n. AEK; 48 iR

deduce [di'drns] vt. HEH 1R
deflect [di'flekt] v, #Mmat 12RB
deforestation [dir'faris'teifon n. B,

AR BH 17RA
degradation [ degra'deifan] n. B (FEAG)

Bikhs Bk, BE, EH 13R
degradofusinite ['digreidou'fiu:zinait] n.

AL A 10RA

dehydration [dihai'dreifan n. BAfER 10RA
delewerious [delitiorios] a. HEH, EHH 9T

delicare ['delikit] a. A&, WM 6R
delineate [di'linieit] v. ik, HF R
delta ['delta] n. = H# 3T

deluge ['deljuds] n. A XWH; 87 6R
demarcation [dima'keifsn] n. 4/, AE IR
denudational [di:aju:'deifanal] a. #0R8 aT
depict as % R, Hi# 17RB
deplete [di'plin] vt. ¥, FAM, #HZE 17RA
depley [di'plai] v, n, 3%, EX;

iR 17RB
depression [di'prefeon] n. HiMh; M 15RA
depth [dep8] v., n. &{F; FH& 16RA
derivative [di'rivativ] a. ., n. 7 HK;

W FH: WH 23RA
derrick ['derik] n. #H; 4% T
desaturation [dijssetfa'reifon] n. BEMH

(fERD : L6RA
descendant [disendant] n. F#/a R 4R
desmocollinite [dezma'kolinait’] n.

ERRE 10RA
destructive [dis'traktiv] a. BIF (#) B9 18RA
detecror [di'tekra] n. #FNIES 22RB
deteriorate [di'tiariareit] v. {#&4k:

[iE: 3. 12T
deterioration [ditisria'reifan] n. #H¥FR;

Bk AW 12T
detonate ['detouneit] v, i, (i 21T
detonation [detouneifon] . 4 21RA
detrital [di'traital] a. BB 7T
devegetation [divedsiteifan] n. BRI Y;

A 17RA



dew [dj] n. B (K 13R
dewatering [di'wartarin] n. fh7K: #HK  15RA
diatom [ daistem; n. FEM 4T
diatomaceous [ daista'meifos] a. FEMEY

~ earth FEBL 4T
diffraction [di'fr=kfon n. 4§t 2R
diffuse [difjuz] v.. a. 8% (3,

AHE (R 16RA
dilute [dai'lju:t] v. #HEE; H¥ 2R
dimension [di‘menfan] n. BH; 7 SR
dimensional [di'menfonal] a. %Y

two ~ FAHERY 24RB
diminish [di'minif] ve. M4 MmN B 24T
dincsaur ['dainesa] n. B 5T
Dinoseis {'daipasaiz] n. SHRBE 21RB
diorite ['daigrait] n. [H&# 3R
direct [direkt] v. F|18; W, M 16RA
direct [di'reke] a. FEHER; EHEE 19T
discharge [dis*t[ad3] n. s FKE,

it uT
discipline [disiplin] n. O#, R0 8,

2 15T
discontinuity [diskenti'njuiiti] n. FRELEH;

(1] 5 5R

disfiguration [disfige'reifon] n. B 2 9RA
disintegrate [dis'intigreit] v. R

way 11RB
dislocation [dislo'keifan n. WFE2; BiéE §T
disparate ['disperit] a. HATHEEIM,

EBRRG 9RA
disposal [dis'pauzali n. 403, EF 13R
dispasition [dispa'zifan] n. . ShE,

HE. N 18RB
disrupt [disrapt] vi. B WEE 21RA
disseminate [di'seminert] v. ¥ 2R
dissolve [di'zolv] v. ZF#E, (fF) H#E 17T
dissolver [di'zalva] n. 7 15RB
distinct [dis'tinkt] a. BABF, R,

SHETFRH 2ZRA
distinguish [distingwii] +t. X9 B35

a0 197
distort [dis'tort] v, (fff) AFHE 4R

distributary [dis'tribjuteri] a. 43HH;

ER %) 7R
disturh [dis'tacb] ve. $74E; Fik: F4. 197
disturbance [dis'tabans” a. T4k; #zh 17T
diurnal [daionl] a. G HKE: GRS 16RA
divorce [divas] vr. (B K 13R
document ['dakjumant] vt. WEPH

te be well documented  HiF £ FEHIEA 17RA
documentation [dokjumen'teifon] n.

sy 22RB
dolomite ['dolemait] n. AT A 2R
dolostone {dala'staun] n. H =¥ R
domain [do'mein] n. 3, &M (@) 16RB
dome [doum] o. R 19R
domestic [do'meatik] a, REM 16RB
Doppler-sonar ['doplarsouna] n. £ %

A 23RB
double refraction T4 IR
downstre#m ['daun'strin] n, . a. ME#

(&) Tl B 18RB
downwarp (daun'wop] v. WMT &M Fil ST
dral: [draeb] a, HEEH 3R
drain [drein] vi. #K; P (off) 5T
drainage ['dzeinidz] n. Hiiks Bk

~ divide 4Kk HIT
draw [dro] (drew [dro:}, drawn Ldrom®)

v, BIE, A%k £5, BE 17RB

~on Wl; Fh: Bir; A, £ §
draw from BB H; BN 17RB
drench [drent[] vt. {¥ 8%, % 1R
drilling [drilig] ». #{L, #3#F 227
drilling rig  S53FER. & 17RB

dripstone ['drip'steun] n. #HA, AF 2R
droplet ['droplit] n. #~ (KD 3%, R 13R

dropping ['dropin] n. FEE; & TF 153RA
dub [dabl vt. 85, ©--E% (W& 8T
dune [djun] n. ¥ FE &R
dunite ['djumait] n. SERHEA 16
durability [djvora'biliti] n. At

[N 11RB
durein ['djuerein] n. W% 9T
dweiling ['dwelin] n. EfE: fE4k 5T
dye [dail v, n. B C8); $¥ 16RB
dyke [daik] n. 2% 9T
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dynamic [dai'nemik] . HEZIA5: shE® 1T
dynamothermal [dainomau'8ami] a. 3l
B0} §T

E

echo ['ehkou] n. [A[F; LZMA 6R
effective porosity A ZHE 16T
effervesce efalves] v. BT, RHKE 2R
effervescence “efa'vesns ] n. #2if; EE 2R
eject [ () 'dzekt] vt. EHi; W&, HEF 15RB
elaborate [ileborit] a. B ZRAG

R U R T

elapse [ileeps n. (BTEIF) i % 2IRA
elastic T1'laseikc ] a. PELE 18RA
electrochemical [ilektroukemikal] a.

i 1 PR Bt 3o} 20T
electrode [i'lektroud] n. HL§E 20T
elecrrolyte [ilekiroulait] n. R,

ik 22RA
electromagnetic [ilektroumag'netik] a.

10 19R
clevetion [jeli'veifan] n, @rfh:

S W 13T
ellipsoid [i'lipseid] n. #E, #sk 24T
Elm R/RM GhE) 18RA
elucidate [iljusideit] v. FBE; WF 11RA
emanation [,ema'neifan] n. WS &8

WoOCHE) & 17RA
cmbankment [im'baepkmant] n. B

371 10RB
embed [im'bed] vi. #A; HE 4T
embrace [im'breis] vt. . n. #if; 2%,

n. 9H 4T
emerge [i'madz] vi. #F, BR 15RB
emit [i'mit] v. WM X8 15RB
emphases [‘emfasi:z] n. HRif: D&

( E ¥ emphasis) 13R
Empire Stare Buildings FEXE 5T
employing [im'plaiin] n. fEH: B 17RB

encompass [in'kampas] vi. H%8; 4R,
G g% g 15T
encounter [in'kaunta] vi. Hi&: BF| 15RB
232

encrust [in'krast] vt. AT F &R

energetic [enaldzetik] a. #8 HERN 6R
enhance [inhans] ve. & ; M#E (3 17RA
enlarge [in'lad3] v. §7K 17T
enrichment [in'ritfment] n. E#, KK

e 16
entivety [in'taiavi] n. #EfE, B, £33,

] 8K
entomb [in'tum] ve. 23 4
entrap [in'creep] vr. i%3: A 14T
Eocene [‘imsin] n., a. BEEFHE (1)

W (¥ 5
epeirogenic [ipairau'dgenik ] a. RERFHY 8T
episode ['episaud] n. ¥y i 8T
epoch [Yi:pak] n. fit; H#A 5T
equation [i'kweifon] n. HT () 16T
equidimensional [ikwidi'menfonsl] a. ¥X# .

%R EER 2R
equipment [ikwipment] n. % &, ®#& 18RA
equivalent o T, HLTF 15RA
era [Yiara] n. f&; B 5T
ercde [i'roud] v, {28 Bim ZR
erupt [i'rapt] v, W 15RB

escarpment [is'kqipment] n. BB, 2#HEH 6T

essense [esns] n. A WK 23RA
estuary ['estjuari] n. W 3T
euhedral [ju'hedral] a. B 10RB
enxinic [juk'sinik] a. #REH 10RA
evaporite [i'veparait] n. K H R
evapotranspiration [i,vepetrsenspi'reifan’] n.

HEZEM (EAD 13R
evolve [i'valv] v. () BB, () M4k

() ik aT

excavativn [ekska'veiJon] n. 1B, 123 7R
exceedingly [iksi:digli] ad. ks, JE#d T
exceptionally [iksepfonli] ad. 58k

= WA 22RB
excess (ik'ses] n. AR, it 48 ZH

in ~ of #it 1T
excessive [ik'sesiv] a. HRERY, THH 16RA
exinite [‘eksinait] n. FEREE 10T
exotic [ig'zotik] a. AR R
expand [iks'pend] v. §K; &8 5T



expedient Tiks'prdjant 1 a. A A FTEA

% iy 23RB
expel [iks'pel] vi. #Hidh 22T
exploitation [ekspliteifen n. FK&:

Hx I5RB
euploratior [ekspla'reifan” n. BIE; Ehgl,

RE 17RA
expulsion iks'palfon] n. S IFER T
extensive [ikshensiv, a. JEEMY ET
extinet Liks'tigkt] a. KABY 5T
extraction iks'trzkfan] o, i, $EE 14T
oxtrude _eks'trud] v. ([EWH iR
extrusive [eks'trusiv] a, M 3R

cxudatinite _eksjuda'tinait] n. B HHFEE 10RA

F

facial [Meiial] a. M 21T
facies associations  HEAS 5R
faccal ['fikal” a. $E{HHY 16RB
fare [feit] n. #7id; R BEK 17T
fault ['foltl n. MfE

~ planc WRZ s normal ~ FEWE;

reverse ~ EHFER; thrust ~ JHEENRE;

strike-shp ~  EERBIME 8T
fanlt roughs  M% 15T
faunal succession EHEINE i 4R

HEEEKE 24T
leasibility [fi:za'bilin. n. FTir4E; T,

Faye. {free air-currection}

Ty 17RB
fedcrally ['fedarali] ad. TE2BEIREE 6R
feed Tfi:d. v, FhE5; fHAk 16RA
feldspar [Yeldspa:” n. 47 2T
fernlike "'fanlaik] a. REKFSHEEH 7T

ferruginous fe'rudmines ] a. ghAYs FEkM 23T

ferromagnesian [feraumacynifon] a. HFEk

i 21
fertitity |fa'tilivi] n. HEiE 17RA
fibrous ['aibras_ a. #FHEARM 2R
filtrate [filiveit” n. HEHE 22T
lndings [Maindinz] ¥ ] o, M 16T
fitet and foremost A § - HE 17RB
fissale [isail] 2. B#2HY 12T

fissure _'fifa] n. 248, BB 3R

fissured ['fifad] a. BRBKAY T
filter “ilta] vi. ¥ 21RR
flaggy [flegi) a. HRMY: HWEH 12T
flake [fleik] n. #H 2T
flank [{lenk] n. ®: M} 2R
flat-lying [Mlaetaiig] a. FHy; T-k& 11RB
fleshy ['flefi] =. £MM; BHH IR

flexible ['leksabl s. BFER; RIGH  1ZRA
flint Tlint] n. #&47: 7453 FTAHLEBD

HE 2T
flora ['lora] n. HWE,; HPEE 7T
flourish [Mlarif] vi. oR: 3BE 5T
flow back v  {fi M Fi 13R
flowage ["flauidz] n. fizh 18R A
flucruate [Ylakriveit] v. %, @hE: 15RA
fluctuation [ flaktiu'eifan] n. ZESN: #sh (6RA
fluoride [Mworaid] u. #WiLH 16RB
fluvial-deltaic ["flu:vial-del'teik | a. [if

TR 4T
flux [flaks] n. HE; FR 22RB
flux-gate ['flaks-geit] n. @] 23RB
focuse ['foukas] vi. HfE 22RA

focused-current log B ESHEF I F
fold ['fould] n. #4k 7
foldbelt [fauldbelt] n. ¥4 . 4 8T
footwall [Mutwod] n. F & 8T
foraminifera [fa'reemi'nifara] n. HfLH 1T
foredeep [Mxdip] n. BT8E: B AHK:

e R P BT
foreset [foset] n. iR 12T
formula ['fomjula] n. 2 16T
formulate [Momjuleit] vi. F3E W IR
fossil ['fosl] n. 1£H 3T

fountain [Mfauntin] n. HER; B#WF 15RB
fragment ['freegmont] n. #5; PEE: BH 1

fragmentation [freegmenteifen] n. 4%,

HABA sR
framboidal [Yraemboidal” a. (F) £k

B 7R
framework ['freimwak] n. #HE4R 24T
formidable ['fa:miﬁabl] a. A[{HES A

R RATTH, SRR R



friction [frikfan] n. EEHES 13KB
frigid zone FEH 18
frost [frost’ n. #&; BF 13R
frozen ['frouzn] a. MIEH,; HEM AT
fume [fjum] n. #: X 9T
function as =g H 15T
fungal [faggel] a. MEA M, LHEM 7T

vi. WY HRRAEE 17T
furthermore [Yada'mo:] ad. [WH: HAb 187

funne! [*fanl] n..

fusian [fjuzein, n. 3R 9T

fusinitic {'fiuznaitik] a. ZZFHEH 10T

Fusulinid [fusu'linid | n. £7#di2 4R
G

gabbro ['ambrou] n. HEILH 3R

gabbroic ['gebroik] a. ME EH 3R

galena [golinal n. HHHE 10RB

gellop ['gelop] n. K¥; B 18RA
galvanic [gel'veenik] a. (H08) HLHAY 201
galvanometer [gelva'momita] n. BFit 22RB
genister ['geeniste] n. B 9T
garner ['garnt] n. OIEA 2R
gasification [gasifikeifan] n, "SHLFEH SRA

gas outburst  FLHTFEL 12RA
gate road T, BHEE 12RA
gather ['gedo] vt. H%; B4, XA,

ERE 2RB
gelifiction [d3i lifi'keifan] n. WEFfER 10RA
gemstone ['dzemstaun) n. HH T
geochemist [d3i () ou'kemist] n. Hik

LR 18T
geodetic [d3i () ouldettk] a, AHTE

2y 24RA

geoelectric [d3i () oui'lekirik] a. MWy 19T
geoelectrical [d3i () oui'lekerikal] a.

HEH 19T
geohydrology [ dgizauliai'dralads] n. ATk

m 13R
geologic [dgia'lodzik] a. HUFR

~ agent HLEE N 1T

B EEAR () 5T
geologic setting  HUEH & 18R A
234

gealogic columns

geologic work ML A2 VIT

geomagnetic "d3i () oumag'netik ] a.

HEH 19R
geomechanical [d3oumikenikal | a. HUR
okl 11RB

geophone ['dairmufaun] n. LR ik 22 12RB
geophysical [daiou'fizikal] a. HERGARMY 8R
geophysicist [dsi () ou'fizisist] n. HHLER

W R
geophysics [dzi () ou'fiziks] [H] n., a

[HfER] MR#ESE, HRPOHEN 19T
geosyncline {d3i:ou'sinklain] n. i,

1 & 3R
geotechnical [dzitau'teknikal] a. + Ty 11T
geothermics “dszi ;) owamiks] [ n.

[FfER] shhz 19T
geyser ['gaiza] n. JEl#KMER L3RB
geyserite ['gaizarait] n. FEHE 15RB
gigantic [dzai'gentik] a. ERH 13T
give away MK 18RA
glacial ['gleisjol] a. PKE&I: BKD&Y 3T
glacier ['glaesja’] n. 2 N[ 5T
gleam [gliim] n. [F¥: #% 3R
goaf [gouf] n. RZK; £ 12RA
Gondwanaland R H 81 AR BR
gouge ['gaud3] n. BFEiR

fault ~ BFERIE 61
govern ['gavan] v. ¥l % 16T
govazite [(ojezait] n. BHBEA 10RB
graben ['grabon] n. HU%E i
gradient ['greidjent] n PR 19R
gradiometer [greidi'amita] n. PEHEY 23KB
granite ['greenit] n. FHEE: HEHT 1R

granitoid Tgrenitoid] a. TERER: BRI ORB
granodiorite ['greena'daisrait] n. FEREH 3R
granular ['graenjuls] a. BEDHRY, BRES 147
graphical ['grefikal] a. F408: EREH 24RD

graphite ['grefait] n. 4@ 22RA
grave ['greiv_ n. B 28
gravel [graevol] n. #Fy B A 1R
gravimetric [greevi'metrik] a. Wi E B
HEH 19T
gravimetry [gre'vimitei n, EHMEHE  23RA



ria

LN

gravitational [graviteifanal] a. 31419 ;

'hiN 19R
gravity ['greeviti] oo FH; 307 W3 AH

specific ~  EHD 1T
Greenish ['grimif] a. B 2EHH 1T
grim [grim” a. PUREAY, JOiH8, BAH 18RA
grossularire ['grosjularait] . FEEET 2R
ground checking M # 2, HERiE 17RB
guard ['gad_ n. F#E

~ log  BREEHH 23RA
gully ['gali] . i 18RA
gusher [gafa] n. AW, W4 15RE
gymnosperm [ 'dgimnauspom] n. #F

He LORA
gypsum ['dzipsam] n, ¥ IR

H
ha. =hectare ['hektw] n, 44 17RA
hail [heil]l n. &5 KE 13R
halite ('haelait. n. #dh, Hik 2R
hanging {heenin] n. B H
-~ wall 1-#%, WA eT

haphazard ['hep'hazad a. FEH 4R
haphazardly [hephaezedli] ad, {FEM# 1R
barmonic [ha:'monik] a. ., n. WA,

non-harmonic 2. JE{E R 20T
haulage ['haclids] n. Jcf: 47 1ZRA
Hawaiian [ha'waii-an] a. EELHEME

~ Islands HBEFHAH 1R
head difference K 3% 28 16RA
head loss 7KL 4§ % 16T
head waves B 21T

hematite [hematait] n. FREFT, LEFT 2R
herbaceous [ha'beifas] 2. Eapy, B 7T

heterogeneous [ 'hetarau'dzinjas] a.

Eakac 10T
hicrarchy ['haieraiki” n. #EFE: &4
B¥ B2 3R

high specifie yield @SB, @mEMH
KE
low specific yield {Eil &; (KA
K 16RA

hillside ['hil'said n. LIWE; (3

Hilt's law #F/REFER

histogram ['histagrem] n. H K E

homogeneous [hoama'dzimjas] a. HER
papal:s

herizontal layer KFE

hornblende [hom'blend] n. MG

horst [howst] n. #h&

hot spring 2

hue [hju] n. Bifs, %, B 8T

humate [hjurmeit] n. BAEEE 5

humic ['hiumik] a. BERAY

humin [hjumin] n. BREESETHEEN T

humus [thjumes] n. B HE

hydraulic [hai'dralik] a. K008 KEE

hydraulic conductivity BHEE¥; &
EFE

hydraulic gradient /KA R

hydrochloric ['haidra'klorik] a. ihEéfdy

7K HL il

hydrogeology ['haidroudziolodzi] n. £<30
b % 2

hydrologic cycle

hydroelectric power

& (x) g
hydrology [hai'draladsi] o K%
hydromechznical [ 'haidraumi'kenikal] a,

iRk i)

15RA
5T
SR

1T
18T

AT
LERB

10T

9T
9RB
18T
15T

16T
16

13R

3R

13T

SR

3RA

hydrometearological ['haidramiztjara'lodzikal ]

a. KR CE)H

hydrophone [haidrafoun_ n. K#E
Hrig 2%

hydrosphere ['haidrasfia] n. 7K[E

hydrostatic [haidrou'stetik ] a. iR
By

hydrous ['haidras] a. &KE; K&8,
KAL

hydroxide [hai'draksaid] n. H k49

I

[CCP (international committee for coal
petrology) EFEEEFERS

ice age  7KHA
icecap [‘ais'keep] n. CKIF: 7%

L7RE

Z1RE



wicle “asik]l n. WRKH 17T
igneaus _llgmas | oa. kOCEES 2T
Hiners [ili'nai (23 oo (BED (FHF

&M 15RE
illne [Hlairy n. R4 10RB

Pt e FEA--B9BIE  17RB
R A

itlustrative of

rnaginary [Mmedgmon a.

~ surfacc FRARK T 137
immature [ime'tjuo_ & H4EM EH A

=M AREE R 18T
unmense [i'mens” s B AW RREMH 13T
immebile [i'moubail_ a. RETH: AAEH,

ik 1T
impact limpaekt] v w3, 608 Bid 21RB
napan Dm'pax ] v #5548 16RB
imperceptible [impa'seprabl™ a. HELL%E

W BER A THRA
impermeable [im'pomisbl ] a, A3 HER,

T K 8T
impervious [im'parvias_ a. I iR

i 15RA
mply [im'pla v, SRR B4, S0% 1T

umposing Cimpouzin] o, #r A & FL S 44 SR

impeoundment [im’paundmanr? n. &K,

g/ 17RA
imprint Cimprine n, HFE 1T
m a large measure KRG 1471
m aceordance with B8 &8, M-8 15T
noaddition w2 B 13RB
wmetric unis {2l A 16T
norerms of P 16RA
nadecuate [inmdikwir. a. A3 55,

A2 i 17RA
manimate Linenimit] a. oA ey 8T

incidence [Yinsidons] n, AR, ASH 2t
wehnetion [inkli'neifon] . & S 11RE
n. fEERE, B

inciine Tn'klain’ v. .

3% ] L3RB
inconsisiency [inkan'sistansi; n. A~ -¥;

I TIRA
imurson Cinka:fan_ o, #LAG A T
index (guide) fossil MERE 1] iR

Indiana _pndi'ena n. (NECH (HE
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MB r
indices ['indisiz] n. #aE, R B4l

(% index) 17RB
indurate [indjusreit] v. {HEE{L . A oF 2T
inertinite [imannan] n. HEEH T
inertodetrinite _inata'derrinait] n. FEE:

jaets TR A
wnferulity | infa'tiliti] n. #%& 1T
infilter [infilta] v, #EA (inte) 1318
infiltrate [in'filtreit vt. (@) B A, 3%

T B 151
infiltration [infil'treifan] n. &A Rl
infiltration capacity /K8 I7RA
infinitesimal © .nfinitesimal ) a. TER-IEY:

TEA AT
inflow Tinflau_ n. AR A [IR1

influent ['influant] a. MAR: kA TelM
influx [inflaks] n. AR #A o
mifrequent [inYfrrkwene] a. #6989,

FEH 1-RA
ingress ['ingresj no @FA; BE R
inherent “inliarant] a. FNTEH: EHH 2IRA
inhemogeneity [inhamoudge'niiti] n.  A14]

. KRR 107
inbomugeneous Li'nhomad3inias ] a. AT EET:

AW IR RIR . T -0 19T
initial Linifa o spdldT: i 21RA
injeclion Lin'dgehlar « n, i1 A TTRA
input _inpuc? n A 21R A
inseparable Tinlseparshl_ a. RU[AHE

(D #: AT L3R
inset [inset” n. f&A 22RB

instability [instabiliti] n. AEEME . 11RB
installation [insto'leifon] n. B 2 & 18RB

instantanecusly [instan'teinjosli] ad. BEH]

He UPZI ML 2R
insure [in'fua_ vio e (R (R

(- BED; R R 13RA
intact [intekt] a. LA KM,

W TR 1T
intzke [inteik] n. WA BEH MY

-oares  ZAKE G FEIL I
integral _intigral ™ a. REMM; W InRE



integrate [intigreit] v. () & (& O
& (REHO. TE

-~ 5R
intentionally Cin'tenfanli® ad. # B ;

HER 22RB
interaction Linta'rek[an. n. ¥ HAER,

HE&W 22RB
interchange [inte () 'tfeindz] v., n. 403

zE 13T
interchangeability ['inta ;) tfeind3a'biliti_

n. A R M 21RB
intercomunicate [ inta () ka'mju:nikeir’

vi. WH; AR, DHEA T
interegnnect linte (1) ka'nekt] vt, {EAEFH

WA RS T
interdisciplinary [inta'disiplinari] a. (%)

#8020 E 13R
interdistributary [inta'dis'tribjutari] a.

g AL 7R
interface ['intafeis] n. S+FE T
interfinger [inte'linge_ n. v. IARTE 8T
mterfluve lintofluv] n. [T [EI M TR 4

X 16RA
nter-glacial age  {8] ok #H 5T
.ntergrowth [lintagrouwd] n. 4 3R
nterlock [inta'lok] v o no BEEH; 4 3T
intermediary [ jinta () 'midjeri; n. A

€2 ) 18T
ntermediate transition zone HIE[ITIFE 16RA
intermittent [inta'mitent” n. [a]8E¥E;

ikt 15RR
intertnontane Linta'montein ] a.  Li[EH 8T
interplay {inta'plei] n. v v, HTEW;

HHEFH 12T
interpretation [intsipri'teifan: n. BRFF:

LK 23RA
interrelationship n. ML X £ (BEE) 13R
intersect _inta'sekt_ v. {ERi; HE; L,

s 15RA
intersperse Linta'spacs_ v, BT 3k
interstice Limtastis | n. ZEH; W 14T
interstitial Linta'srifal | a. ZFPHAT, MiPH#H 91
interval [intaval] n, (HE@EFY EIFE aT

.ntestines [in'testinz] n. B4 1HR Y

intracontinental [intraksnti'nentl | a. @FFlEaYy #1

intrusion [in'trusen] n. AL B A 9T
inundation [inan'deifan] n. 725 Wi 7T

inundate "'inandeit] v. it 2. a1
invade [in'veid] vt. A
BN gy
inventory [invantri] n. JHL, - EE 137
inverse [in'vas] a. HIREAYs @EH: MR
Ry 197
invertehrate [in'vatibrit_ n. JTE#Es0 2R
investigation [investi'geifan” n. (8
mR TIRB

mvestment [in'vestmant  n. %W, # A 17RB

invaded zone

ionization [aignai'scifen] n. A £
ionosphere {ai'onasfia] n. RIE2 iaR
iridescent [iri'desnt] a. SRR MR 3R
irregularity [irege'laeriti] n. AR, A
EF IT
irrespective of A RiE: A FE,
eIt B3
irrigated land 2K iih 17RA
isoaonmaly [aiscua'nomali] n. FRE 2IRA
tsoline [‘aisoulain) n. ZE{H2R 23RA
isumetamorphic [aissumers'madik] a.
FA R 147}
isometric [aisou'metrik] a. F4liAy . §
MG LFH °R
isostatic [aisoustmtik™ a. H#5aY
~ reduction F#FF T
isotope ['aisoutoup; n. [WAE#E R
issue [N () w] v.. oo MM 2 TERA
J

jarosite [dis'rousait] n. RFHL LRI
jasper ['dsespe” n. EI: BEE AT
sellyfish ['dzelfifs o, K iE, BT T
jet [dyet] v. WEHTH 1K
joint ['dzoint] n. . vt. VR FPE. &S
Eh HRTE R AT
justify ['dzastifai] v. fEEE--dE: L BEMY:

A HRH 1R
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juvenile [d3uwsinail, a. SR WAEH

~ water #JH K 14T
K

kaulin [ 'keislin] n. ikt oT
kaolimte [“keiahnait] n. EHEH 9T
karst topography SUEM . E R 17T
Kentucky [ken'takil n. B E (EH

M 17T
kindred [Yindrid] n. i@, ¥ 3R

kinematic {kaini'meetik] a. EEHEY, EHFH

~ viscosity UE) BTEVEFTE: YRS 16T
L
label _Meibl] n . vt. 1id: 5 ¥y

B Ay RHT 18T
labradarite ['lebradorait] n. 34 3R
laccolith [erkali] n. HHE 3R
lagoon Cla'gan n. {5 7R
Jaminae (M lamina) [Nemini] n. #F,;

I 5R
laminasets ['lzmina'sets] n. 48 (80 F# SR
larninared {'lemuneitid] a. REIR, TR 12T
landform [lendizm] n. #HE &R
landmass 1 'lendmas. n. Wik; ik 18RB
landslide {endslaid. n. 1A WA

higid 18RA
lateral [Nactaral] a. WEEY; FHE 6T
larerte [Naetorait] n. #T1; WHECAH 18T
laterolog [lararalog] w0 (5 134 22RA
Lathlike Tloblak) a. H#&H 3R
leunch “lomd ] v 4T FiET HER 6R
Laurasa n, A5 R
lava Llaval .o kibFy: HE 2T
lay [lei] vt. M8 TH: W

e VIE R 20R
leach [hio, | vi. R HE 18T
leakage |Mikids] no BE; BR; Mi 15T
leaky aquifer Wi FKE CEEREFKE) 15T
legible [led3abl” a. i %E® 21T
lethal {'ligal] oo BFEH: HaH 1T
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levee ['levi] n. K#KIE R
leveling ['levalin] n. KHER & 1IRA
barometric leveling SAME: “EREME

lignite [lignait] n. W 9T
ligno-cellulosic ['lignau selju'lausik] a.
ERFHEN JORA
limnic [Mimmk] a. #GH T
limorite ['laimanait] n. BT ?R
linear ['linia] a. HiEM: (B £ 16T

linkage [Yinkids] n. HH; & #4;
Eh BE sR

lipoid [Tpaid] a. . n. #A5H9: HEEH  10RA
liptinitic [liptinitik] e, RFHEM 10T
liquefaction [likwi'feekfon] n. HALYEH SRA
listric ['listrik] a. §E4RE 8T
lithification [ligifi'keifan] n. BLEER 3T
lithofacies [liba'feifi:z] n. H GLEZE) iR
lithosphere ['libousfia] n. FH4 B iR
lichostatic [lifast'etk] a. MIEH 9REB
lithostratigraphic [liBa'streti'graefik] a.
AAHWEN 2R
little if any JLEBE 18T
lizard “lizad! n. W15 sT
locate [lowkeit] vt, -8 Il

@ 17RE

lofty [ofti] a. B&MH; HBEH IR

log [log] n. LfEid# 21RB
logging {'lodzig] n. WH §R

current ~  HLIiM3H

induction ~  H&EV M H

TESISUIVILY ~ %Eﬁﬁeﬂ!#

dielectrical ~ HBE4FEH I Z2RA
longitudinal [ondgi'tjiudinl] 2. 67 21T
longwall mining *EERFE 9RA
loop [lwpl n. B B 20R

lopelith [lopslit] n. H& Kl

lubricate ['lubrikeit] v. 8 18RA
lubricating ['usbrikeitin] a. f83F# i8RA
luster ['lasta] n. YoME: X% 2R
lutite [Mutait] n. #EHEs BHEE 10REB
lycopad ['laikapod] n. 10RA



M

maceral ['meesoral] n. HE B MAS T
macrinite _meakrinat. n. K& 10RA
macropetrographic “mezkrau'petrograefik |

A ERETEMN 1IRE
mafic ['meefik] a. kA EH)Y B8R 3R
magnetite _'meegniai n. BEEEE 2R
magneuzetion | magnitai'zeifan] n. Btk

LI Z3RA
magnetometer maegni'tomita n. BhEE(

[y SR
magnetometric [megnitou'mertrie] a. S #

A Bhard 19T
magnetometry | megni'tomitri] n. #7H]

S Bk 23RA
magnitude | 'magnitjud] n. Ky BE:

WR 16RA
man [men] n. BE (HFK: HFTO

TE (L R 21RB
maiestic ma'dzestik] a. FECRY, BECHY;

E 31 5R
mammal 'mmmel] n. MW I 5T
Mamnoth Cave 12 375 7¢ 17T
mangrove ['mepgrauv] n. (REFEEERK

EIRREAR T
manifestation [‘'menifes'teifon] n. F=X.

o £H & 1R
mantie [maentl” n. Hg iR
mapgazer | maep'geiza] n. MEFLMLEE 6R
maple _'meipl] n. & 5T
marble ['mabl] n. KB4 2R
marcasite 'makstaits n, HEE 10RS
Mariana [meori'zena] n. LRI

~ rrench  Th BLE 4 M k) IR
marker T'mokal n. il BRY 11RA
marker bed  HiEE) R 11RA
maroon [ma'run] a. B HEAD 8R
marsh ['ma:[. n. [HE T
marvelous “'mavilos a. 2 R0 F MR

PAE: TRBE 6R
mass [mees_ n. BIHR; BE BT

mass wasting ik RE, BIRBEFL 18RA

massive [‘meesiv] n. HHRH 18RA
matrix ['meitriks] n. EEGE; SR 31
matte [met] a. FIGHER 8T
maturation [meetju'reifan] . JL¥& oT
meander [mi'senda) n. T HH 7R

mechanism ['mekonizom , n. #1#: HL# 18RA
media (¥ medium) “'midia] n. [

o] 16T
megascopic [mege'skopik] a. PTERIRSIAY 8R
mention [menfan] v., n. & 13RE
Merenry ['makjuri] n. KE 1T
Mesozoic [mesau‘zouik] n., a. A

(B FER (ED 5T

metallurgical [metalodzkal] a. HEH YRA
metamorphic [mete'mofik] a. ZEH#;

BAEHY 2T
metecric [imitiorik] a, KM, LRH

~ water FR7IK 14T
metegrite ['mistjarait] n. A 2T
meteorology [mitie'roladzil n. TH % 18R
methane ['mifein] n. HE HS 5T
methodical [me'fodikal] a. & A

FHEH 10T
mica ['maika] n. =k 2T
micrinite ['maikrinait; n. {HOBR& 10RA
microgravimetry [‘maikrougrevimitri: a.

WEANR 2iRA
microlithotype [‘maikrou'lifataip] n. Z.7

Waam 5T
micro-organisms W EH I5RB
micropaleontology ['maikraupzelion'toladz:]

n WG ERFE 1T
microscope ['maikraskaup] n. BHE iT
microseism [maikrou'saizm] n, = 0T

microseismic ['maikreu'saizmik] a. WEH

Bz 12RB
mid-latitude areas HEEFHE i8T
milieu ['milja:] n. Fif; FE 1uRA
mineability ['mainsbiliti] n. A Rtk 4T
mined [maind] v. R I3RA
mineralize “'minarclaiz] vt. HH

EE it 5T



rmenure _mal'nin oA, SR SAIE

T B 1T
Kliss.ssippi River  WEFGEH M AT 18RA
Missourt [mi'zuari oo @2RH (EH

M%) 18RA
mist _mist, no % WY 13RA
Mohorovicic [mouhou'ravisik] n. (A )

~ disgontineity 555 Tk 2 A VEEE A 1R
Mohs' seale ¥ CAREE 2T
moisture _'mastfa] no B KA BE

i 13T
molecutar {mau'lekjula. a. 4 F#1 14T
menocline ['managklain] n. B RE 15T
monograph ['monograf] n. TR ILE;

wHEF 15R
montmorillonite [montma'rilanait ) n.

T 10RB
maraine _ma'rein_ n, KR KEEZ 19K
morphology Lma:'foladgi] n. FEA% 10T
morphometric || mado'metrik] a. HiHE:

HLEqig] 17RB
mosaic ma'zeik n. fEik 3T
mudflow ["madflau] n. 48 18RA
multiple “'maliipi_ a. £XAH; FEM

- reflections  EIRITH 21T
multipliciey [malti'plisiti] n. #1%,

GFE: BE 21RB
multitude [maltigud] n. &%, XE §P
municipal Lmju () 'nisipsl] a. METTHY

fifldii 13R
muscovire ['maskavait. n, 208 2T
myriad ['mirad] 4., ono LEA G

e CEE 3R

N
:lakg_{icye 12 B 186RB
namely [neimli] ad. B9 @8k BEHE 1R
native [neitiv] a. AHLYy: KR (Aig)

o 17TRA
naval _meivol_ a. BN M 6R

7T

n%p [n‘l:p: 1. E{&]‘:ﬂ
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REE (EEMZ) LRB

Nevada [ne'vada] n.

New Madrid n. F S8R () 18RA
New Mexico [nju () 'meksikau] n. B

PR (EEMED 15T
New Zealand [nju:zilond] n, Frfg 1:RB
nitre ['naital n. O 16
Nozh ['nous] n. {#F s8R
nomenclature [nou'menklatfa] n. & ¥

ik 5T
non-cored [mon'kod] s FTEHELH 1T
nanflowing ['non'floviy’ a. JEH BN

EHEH 15RB

rormative [ 'nomativ. & FRAER: HEM 10RB

noxicus [ mokles] a. HEEM: HEH 1ZRA
nuclear ['njuklial a. #FM#: FEFEER 17RB
nuclei ['niwkial] (B3 nucleusd n. ¥ 13R
4]
oak [auk’ n. B, @ 3T
abligue [.a’_bli:k] a HA9; HEM
~ slip faults  HERHHE TH 2 6§71

obscue Tabs'kjua] v. . fEHM, @AM,

EH 21T
oceupant ['okjupant] n. BEH 4R
occurrence [a'karans] n. Kty M,

ok 13R
oceanographie [oufjenou'grefik | a. &

1] SR
odorous {'sudares] a. HAH 16RB
odour ['suda] n. SHk: 85 15RB
offset ['a ) fset? n. KM 6T
old Faithful FHIER 15RE
olivine [alivin_ n. #H#E s
omnidirectionally [omnidi'rekfanali] ad.

k) 21T
onwards ['anwadz] ad. WH: FERIE nr
voze [wz: no, v. B BE T 18RA
opacity ou'peesiti] n. AEN. HE®H 9RE
open-cut mining 2K A TR 1T
optical Toptikel] a. e B, M aRH
optimum [‘optimam ] n. JRIE F 4

MiEEM 25RA



Ems E O i

orient yriant_ vt.

e 17RB
oragenic [gro'dgenik o, HrIUAY
-~ helts BT iR

otogeny _o'rodginil n. #UEEE #EUEH IR
arthoclase | 'adoukleis. n, F4G 21
vsetllate ['osileit] vi. #R#F: H#h: B3 20R
outburst [lautbast” n. &l 12RA
oudlow ['antfhou] . iR (B¢ M

) 167
outler ['autlet] B ik SEP: 16RA
autline [aut-lain] n. FEHE 5T
pverburder Louvalbadn n. MUALE:

1 {E L 11RB
gverhang _'ouva'han. n. BB ek

A i K 12ZRA
oversimplify ouvasimplifa vr. 3F

i 15RA
oversteepen [ lauva'stipen. v, () BAE

BEdy. EHEEE
oversreepening n. Hl WA AT SLBEA R 18RA
owerstressing [ouva'stressn_ n. SRIT h

& T# P2RI
overthrust [lauvalrast_ n. e A

R 17RB
overturning L auva'tamg| n. 5 4% 17RB
oadation | okei'defon” no "k UEAD 16RD
oxvlusnite Daksi'fiu enait] o EAREEEEK T
nrone ['ouzoun ! n. W 1T

P

pack _pak_ v 3] 1R
package C'peckadz” . #l il sR
palacochannel Lpacliao'tfant? n, Gy iliE 12T
paleabiology N HE 1T
paleobotamst paliaubotontst] o, HiEH

EE wr
paleobutany ~peelisu'hotoni® n. W HHEE 1T
saleocurrent Cpechiow'karant’ n. ikl SR
Lk cecologicsl [peliawkoladgikar? a. Wk

E 7T

palevenvitanmental palisuinvaiaren mentl

a. i ER ey GRA
pa.eotopographic Tpelioutopa'greefik” a,

iy s B A4 [y
Paleozoic | peeliau'zavik”™ n. . & FE4fE

H1Ys &ER D “T
paiynologic _ pelina'ladzik] a. ##F05  10RA
palynology [p=li'naladsi] n. M¥S VT
pane [pein_ n. WHHEE =T
pane! ['paeni] n. #H; RE: ®iid 1ZRA
Pangaea n. (EJCHE: A A R4
Panthalassa  iZ &8 iR
paralic [pa'retik] & S MEERG S T
parameter [pa'remita) n. ¥ 17RB
patasequence ['peeralsitkwans ™ n. AT

TR T

~ sets R IFEL R
parenchyma [pa'regkima] n. WA 4 1l
parenchymatelinite Mparenkima'relinait | n.

5 ) B A ril
parent marerial  REEHE 1T
parting Tpangl ne R EAFFE: &M LIRB
pass into R M HEA 1iR
pass through  B0t; &ty #T 11R

17RB

passageway ['pesidg'wei n, HHIE
puch UpatfT n. M R |

path Tpat” n. iR B, Huf 1+
pathogenic | 'pefodzimk] n. R

ey 1RREB
peat Lpetl n. M o
peatswamp | 'pht'swomp_ n. BB IHE T
peeuliarity Lpikjulimein] no FBIFH: FR 0

ki 18T
pedalfer [pidalia” n. BHE 1#1
pedology [pidolodzi_ n. 1% TRB
pedon C'pedoun_, n. (A5 LB 'l
pedocal ['pedakeel! n. $EjE 81
peg 1peg] vi. TR RN
pelitic Dpelitik a. H0TE 1
peller 'pelit. n. EREL: Hi¥L 1" RE
pellicular [pelikjulal a. ML

~ wuter  HHREK T
penetrate | 'penitreit’ v. BA (&) 1'RB
perceive [pa'siv] vt. ®H: FH 1k
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perceptible {pa'septabl] a. FB/BHMH,
HERBIM

perception [pa'sepfan] n. W, BEME

WRE: (WEEKED

=3 F 4 A

UE) BiE

BAEK BEEK

percolation [ parkalieifan] n. B%; B8

e iy

percussion drlling ;g5 gk

perforate ['paforeit] vt ZEFL, TR

peridot ['peridot] n. BHEIWE

perched aquifer
perched water table
percolate ['pakaleit] v.

percolating water

percussion [pa’kafen] n.

peridatite “peri'doutait_ n. #{ME

perish ['peri[] vi. K[o; B

permafrost [pomairo () st) n, KAML

permeability “parmia'biliti] n. B,
Bk

permeable ['pamjabl] a. r[B#&M;
L% 24

Permian ['pamisn_ n., a. &4 (#)
BB

permittivity [paimi'tiviti) n. B
WEE

pervasive ['pa (1) vasiv] a. R¥E):
E N

pervious lavers K2

petroleum [pi'trauliam] n. £

phaneritic [enaritik] a. B & HE

phase [feiz] n. BrE&; #&

B

phosphorous _'fosferas] a. & BEEY

photogrammetric [ fautagra'mertrik] a. %8
MEM

phatomulriptier [foutou'maltiplaia_ o,
b L

phreatic [fri'etik] a. #AH

Bk

#kEKE

physiographic [fiziog'refik] a.

W& BE

pezometer [paia'zamita ] n. KK

phenoeryst [finakrist | n.

~ water
phreatic aguifer
B A

plece together

prezometric [ pajoza'metrik] a.
ME R M
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10T

6R
14T

T
147
18T
14T

11T
22T
2T
3R
4T
20R

5T

20T

1T
18RB
4T
3R
13R
3R
3T

1IRA

22RB

14T
15T
6T
sT
18RB

~ (piestic) surface MEH 131
piezometric level MWEAKGE: REAG 16RA
pit [pit] n. (K) 1TRA
plagioclase ['pleidzioukleis] n. #E7A 7
planet ['plaenit] n. 78 1T

plastically {pllestikali_ ad. n[#9#h, B4 IR

plate Cpleit] n. #x;

~ tectonics HR EHE iR
plateau ['pleetan] n. BE 5T
plies [plais] n. ZEME D) 10RB
pluck [plak] v. #; # 2T
pluten {'plutaun] n. FERLEE: WA

A 3R
plutonic [plutonik] a. HFRLEEE 3R
point-load BB 1:RB
polarization [poularai'zeifan] n. #{L 23T
polarize ['pouloraiz] v. () ik 20T
pollen ['palin] n. ¥ 1T
pollutant [pa'ljwtent] n. 1534 () 18KB
polymictic ['polimiktik] a. BHEEG: Hil

et HBRE, LM 22RA
ponderous ['ponderas] a. EM 14R
pore space 8% 16T
porosity [po'rositi] n. FLEKEE, FLBE®% 14R
porous ['paras] a. EH.M 16T

porphyritic [pofitritik] a. REE#: BERE 3R
potassium [pa'teesjom] n. # 2T
potentiometric [patenfia'merrik] a. {7

) 8

~ surlace mups

Mo 5 F M

i3 1:] 17RB
pound [paund] v. #§%8; Fdry wdi 18RA
pounding wave iR iR
Precambrian ['pri‘'keembrion| n. ., a.

HiER L, HBWRE (B 18RA
precipitate [pri'sipiteit | v. (1IE 2R
precipitation [prisipi'teifon] n. JTIE 3T
predict [pridike] v. . WM 14R

predictability [pridikta'biliti] n. 7] M4 SR
prediction [pri'dikfon] o TM: Wms

ik 4R
predominantly [pri'domunanthi] ad. 51
B Hdid; BRBEFM 17RA



preliminary Epri'imivari] a. #7241

Hism 17RB
prerequisite [pri'rekwizit] n. &4

Hi# 22T
pressure head [ EE: EIERL;

A EK L 15T
presumed (prizjumd] 2. {HEM 18R
prevail [pri'veil] vi. B GU), HH#,

il s 7T
prevailing [pri'veilin] a, &G{t¥E,; £ ¥

By WY 18T
prevalent ['prevalants a. #FiMAY; B89 18RA

HEPFE 6RA
prevent--from ik ; B LR & 15RB
primitive [ 'primitiv] a. [JEHSH
probe [proub n. ##F; #Hk 22RB
EXRA EAA SR
prefiling 'proufailin] n. #E

primary ore

prodigious [pra'didzas” a.

electromagnetic ~ o B & 20T
prograde ['praugred] v. i, EM 8T
progressively [pro'gresivlis ad. #Fiih;

S 7 b 20R

prone [proun’ a. BF--fy; #F---HEH 1R
prop [prap] n.. v. X3, X#; MA  12RA

propensity [pra'pensiti] n, {5 18RB
proportional to &« it H R

taversely ~ oK H 16T
proportionality | prepofanelitt] n. H. i,

2411 15T
prospect {prospekr] n. FEH; i,

AR 17RB
prospecting [prospektin] n. $EA", Bi%e 19T
protistid “proutisud} n. 4R iR
proton |'prouton] oo J § 23RB

protozoan [ prauto'zovan] n. BR3P 1T
provenance [‘provinans] n. @ WE KX 8R
proximal ['proksimal] a. FRIEHY; EfLEY 8T
proxinuty Cprok'simiti® n. 1EiT 45

~ log  AFE0M f1i 22RA
psilophyte ['psailoufan” n, EEEY 9RA
pulse ["pals] n. Bt

intensive current ~ 58 g i Bk 20T

pulverize ['palvaraiz] ve, WFHS; EEBFE 6T

pyrite ['peirait] n. BHEkF 7T
pyriic [pai'raitik] &, SV T
pyrofusinite [paiarau'fjuznait] n, S 328

ik 10T
pyroxene [pai'toksin] n. ¥H 2T
pyroxenite [pai'roksanait] n. ¥EH iR
pyrehotite ['pirotait] n. G IRA

Q

qualitative ['kwolitativ] a. EXEH

~ interpretation EYEWE 23RA
quantify [kwontifai] vr. g (FEFD

iR, FRER 3R
quantitative ['kwontitotiv] a. E#E

~ interpretation {F B #EF Z3RA
quarry ['kwori] n. RG5H 2T
quiescent [kwai'esmt] a. REhE, #1L6 8T
quotient [kwoufanr] n. B 20T

R

radiation [reidi'sifan] n. B 4t; H@ot 22RB
radiactive ['reidiousktiv] a. BEHEN

B2 19R
radicactivity [reidionsek'tiviti] n. F 8,

AR R 19T
radiography freidibgrafi] n. §t#RH 1T
radiolocation [reidioulou'keifan] n, Fokd

i 23RB
rediometric [reidio'metrik” a. $EEHYE R
raft (recft] n. KB AHE 6R
ranstorm ['reinstam] n. 5 FLME 1iR
rendom [rendom] . HHEE 4R

range [reind3; n. M4CE: WBK: B 18RA
raw [ro) & B8 RWITHN: 4 FBER

ARE 18T
react to Ao BER AR RT

R 18RA
realm [relm? n. Wi, ME 13R
rearrangement [ 'ri:a'reindgmant] n. E#H

H7) 3T
rebound ['riboend ] n. o) B 11RB
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A

receplacle _riseptakl] . FH3E PSS

K T

recharge U'rucfadss v, #hé5, A

et

recrystatlization ['rikristalai'zeifon] n.
Fien s gl &

rectangular [rek'teggula] a. A,
R N N1

WL

redistribunon [‘ridistri'bju:fan” n.

reduenon [n'dakfan] oo fIE

resd rid] n, B

reentrant [rizentront] a. [MAH

B¥. BE: XF L

refine ri'fain] vi. #§&k: #o

reflectance [ri'fflektons ] n. R §t#

refracy [ri'freekc ] v fE4T B

refraction [rifveckfon] n. #74F

secvde ri'sid] vl
. -
ri'sefan] n.

FUCENSI0T

recogmtion Lrekag'nifen n.

red brown color

R g

refer to

refractory Lritfreehrari t a. WY TREEDY

regoluh ['regalid] n. M{LE, £L. i£1

regrosstve [rilgresiv) a. BEESY, FBM

rejuvenate [ri'dguvineit” v, Mg E#H

i IR

relen:lessly [ei'lentlisli” ad. oM

relief [ritif | n, HUBATE R

relocation ['rilow'keifon ] n.
AR ¥ fry 8

reman Lri'mein] n. @K

remoant [remnant| n.. oa. BIBFEA
oA (M)

refinte sensing

rebaxation [rikek'seifon_ n.

AHZE;

A B

remuneration [rimjuna'reifan n. HEE

render ['renda. vt, 12 fiiH RS
et

renovate ['renguveit] vi. g Y5 R
W W

ripenrion [ repi'tifan] n. EE
~of beds HEEE

replenish [ri'plenif’) v (FD) Mg (BP
Hil s KRR CED
replenishment [ri'plenifmant ] n. #h#y
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16RA
11RB
18RA
T
22T

ZR

3R
18T
12T
24T
T
6R
5T
22RB
10T
2R
21RB
T
18T
8T
8R
15R
1T
Z3RA

LZRA
aT

17T
17RB

11RB

18T

17RA

17RB

Al BE
reptile ['reptail] n. . u. RATEH (W
reserve Cri'zav] n. HEE
reservoir ['rezavwall n. EEEE WiE
resinous ['rezinas] a. WHSAY:. SRIEH
resistance [ri'zistans_ n. B $E3
resistive _ri'zistuv_ a. EILAY; HIE N
By FEAY
resistivity [rizis'tiviti, n. HERI&
resort [rizait) v, . n. KB KR
HBF: £HE. A
Bk Ak pz
restoration [ resta'reifan] n. K&
restore [ris'tai] vt. WRE . &&, #
retard [rivaid] v, $ER. fEH, ®Hi.,
g
retention [ri'tenfan] n. RE&, §#F; #&
retreat mining JiBR R
=1
rhomb [rom] n,
rhombic ['rombik] a. BEH
rhombobedron-shaped [romba'hedran-Jeipt]
a. HHZEEREHIERE
rhyolire f‘raialalit] n. HEE
rift [rift) n. Z48%; EH. R, By
ng [rig] no $58%; #6 7
right-hand side  #{il
cll [rl] n. pifs SR
rim [rim_ n. i1
roar ra] n. Ml: SEE, FERORE
AP
rackslide ['rok'slaid ) n. B
rucky [r'oki] a. HAEH: REH
rod [rod} n, $5%F
voll [roul] n.oy vo (Geli
oA ™ H
JEE AR o
rootlet ['ru:tlic] n. /4iB; R
rotary 'routari]) a. WE¥ER . FEEIAT
~ drillng  FIFEEEHE
Rotten Egg Spring R R
5 &
)RR R

—~ to

rest water level

revert to

rockburst | 'rak'hast’ n.

rocf ~

fioor ~

roundness ['reundnis] n.

rumble ['rambl. v.

17RA

1T
SR

16T

2uR

I7RA

15T
16RA
17RA

1T
1T
17RA
ur

3R
nr
15T
Ir
18RE
13RB
1ZRB
BRA
1T
13T
1ZRA

T

nr

17RB
=T

[&RA



runoff ['ransfl no 12 13R

S

seke “setk n. AL

for the ~ of Hyef il 20T
salinity _saliniti_ n. A, XEE T
San Andrezs [senlendras] n. EEESE 6T

sapropelic [sepro'pelik] o, MM 10RA
satinspar [satin'spa;] n. £F4EE W 2R
saturation [ \setfa'reifon] n. #A 4T
scanty ['skenti] a. BB /1

iz 8 18T
searcity ['skeasinl n. §RE; R, W

FR 19T
scavenger ['skevindzal n. B HY 4T
schematic [ski ) 'meetik] n. {8 (B%) B 17RB
scissor ['siza] n. BJ 7] 6T

~ like B JI:ARAY 8T
sclerotinite [skiia'rotinait ] n. BIBE 10RA
sc.erotioid [sklia'rotioid . n. @& 10RA
sculpture [s'kalptfa; vi. Z|fH 1T
scour [‘skaual ve. WiE; WH@M: 2R 1T
seal (sil] n. A2 5R
secrete [sikrin] vi. #EE 1R
section ['sekfan) n. W@ ; B 16T
sediment ['sedimaat] n. ITEY 3T
sedimentary [sedi'mentari] a. TLFLEY;

H IR R 2T
seek [sik]v. (3> #; HE,; B# 17RB
seep into BH (B H-- 13T
seepage ['sipidz’ n. Bl BW 12T
seismicity [sqiz'misiti] n. HEiE#L 17RA
seismic ['saizmik]| a. MUEHY IR

3-D ~ surveys ZHEMEHRITE R
seismological [saizmoalodzikal] a. HIEEH 21T
seismology \saiz'moledzil n, HLFESE 19T
seismometer [saiz'momita] n. MR # &R

selenite ['selinait] n, BEEEH&; TWEE 2R
self-polarization [self poulan'zcifan]n. B ¥ 16
H# bR

indutced-polarization

BMRERL 20T

semiaguatic [s'emia'kwank | 2. BEHA R

EARER: 2 KHR
PR E K2
semifusinitic ['semi'fjuzinaitik] a,
2 R
semipermeable ['semi'pa:miab.] a. @
FE FEKH
sensitive ['sensitiv] a. FEH
R
sensor ['sensa] n. f7EERE: Fk
septic ['septik] a. 2lREREH
~ tank fk¥Eih
Sequence Stratigraphy B IFMIZE
i A
severity [si'veriti] n. &E;: ®lF
sewage ['sju:id3] o {57K
shaft [fa:ft] n. B3}, &5
sheetwash [firwaf] n. Frifi: Bk ahh
shield [Jild] n. HME
shrub [frab] n. #A; A
shock [fok] n. W&
siderite ['siderait] n. ZFEEH"
silica ['silika] n. #f7; HILiE
silicate ['silikit] n. #EEEZ:
sill (s n. AHIK: BEWLH
sitt [silt] n. %89

siltstone ['siltstoun] n.

semiconfined aguifer

seasitivity [sensi'tiviti | n.

set-up ['setapl n.

Frav ik
sty ['silti] a. WYEPEAY: BIER
Sinking branch # FE it
sinkhole ['sinkhaul] a. B
Sinking Greek {A¥#; B2
Little ~ /R
skeletal ['skelitl] a. B5209; BB
slab [sleb] n. FAR: B4
slake [sleik] v. n. ¥ KiE: #BFK
sleet [slit] n. #: B (&) F
slickenside [siikonsaid] n. #EE . B
R
slippage ['slipids] n. #E7
slump [slamp] n. W8 B &
<1
smart [sman] a. RIHY
3ozt o

snap [snmpl v.

taT

10kA

1T

23RB
23R4

1:T
17T

AT
SR
12T
13R

6T
61

18R A
ar
2T
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SOEp back ﬁg 2T
snowfield ['snau'fild] n. FI¥ 13T
soax in  HEHL BA 13T
soas into i 13T
sodalite T'saudelait] n. AL 16
sodic | 'saudik 2. EBH 3R
soft bodied ammals 5K {K Zh#n 4T
solifluetien Tsali'flakfan] n. B (FFH) 18RA
solum ['seulam] . LB 1T
somber [‘somba] a. WEHEET; HREL 3R
sonar ['sounu:_ n. A 21RB
sooty Clsuti] a. HEBKHT: B HBE AT
sorb [sa:b] v. TRE: PR 12RB
sort . sot] v. n. frik, @R B,

5h 3 14R
sorting ['ssiun] n. rERE; SHEEH 8R
sounding ['saundin} n. #R

electromagnetic ~ B # B 20T

south Dakota [da'kauta n. (BE) &

3 Bt 15RB
span [spen]n. B () B 5T
sparker ['spakal n. KIEZR AL, ok

24 21RA
) 8R
speetacular [spek'teekjule] a. RS,

spanal ['speifal] a.

AR, SIAEES 18RA
sphalerite ['sfmlarait] n. [J4EF 10RB
spherical ['sferikal] a. i : HEH 1T

spil. [spil] v, () Redk: Ml @M 4R
splendid ['splendid] a. #H ¥, AU,

LS, AEERY iT
split [split] n, 4+ 2 11RB
spentaneous [‘spanteinjas] a. H BT

A ke 22RA
spontaneous combustion B #% 12RA
spontaneously [spon'tenjesli ad. B &b,

PRELER 20T
spore [spa] n. T 4T
sporinite [spmxrinait} n. HIF& 10RA

spouter {spauta] n. WEH; WO, W 15RB
spread [spred] v. §'B,; Wit 5T
stability [sta'biliti] n. BAEHE 18RB
stacking ['stekin] n. Fhl
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~ pattern BATRF 5k
stagnant ['stegnant] a. F#H. AF I 71
stalactite ['stelaktait] a. #WAFH 171
stalagmite ['stzelagmait] n. 8 177

static [s'teetik] a. 500 #8

~~ corrections MEEELL 21RA
stationing [steifenin” n. M3 Z4RA
steadily [stedili] ad, & HD 22RB
stick stik] v. ¥5{E 18RA
stockpile ['stokpail] n. ¥ HE,; {3 10RB
storage ['staridz] n. -#E. fEE 13R
strata ['stracta] n. () WE 18R
strategy [latratidzi] n. A HE iR
stratiform ['streetifam] n. 2HE 15T
streak [stritk] n. #iH 2R
stringent ['strindzant] a. T 23RB
strip away #HHE,; #HE 18T
stumpy ['stampi] a. SAERE 2T
stunt [stant] v. @EETRR T
subcrop [sabkrap] n. Bt 20R
subduction [sab'dakfen] n. M 3R

subdued [sabdjuid] a. FERMH; HlEH T
submarine ('sabmarin] &. KT8, KIEH,

ETH 19T
submerge [sob'maid3z] vi. B, W& SR
subsidence [sab'saidarns] n. F{L; ik 17RA
subsoil ['sabsail] n. K+, 4+ 18T
subsirate ['sabstreit] n. BJE: BE T
subsurface [\sab'safis. a., n. MTFH; HE

FTHEa ur
subterranean ['sabta'reinjon] a. #1 F# 17T
succeed [sal'siid vt, HEH iR
suction ['sakfen] n. ®FE;: BAH 12RB
suitability [sjurra'biliti] n. &R 11T
sulfate ['salfeit] n. FHELL ZR
sulphide ['salfaid] n. HEfk# 2R
sump [samp] n. K K& T

supercontinent [sjupa'kontinent] oo @A 6R
superposition ['sjuwpapa'zifon] n. BHI 17RB

suppression [sa'prefan] n. l: &1 12T
surface subsidence HiRIRE 12RA
surficial [sa'fifal] a. FHBY: HTH 9RE
surging wave 1% 4R



survive [so'vaiv_ v, ZEHE T; B 5T
suscepribility [sasepta'biliti, n. BELE ;

203 4 18T
sustained yields FHREEFFKE 17RB
swarm [swom_ n.. v. §f: H#$ 12T
swell (i35, swelled, 15 % 4iF swollen)

vt MK, B 22T
Switzerland ['switsaland] n. By £ 18RA
sy.vite ['silvait] n. #f#k 16
symmetrically [si'metrikali] ad. X FRHh;

¥R 22RA
synchronize [sigkronaiz] vi. @B S

5] 2 21RB
synclinal [sig'klainl] a. [M#H 8l
syncline ['sinklain] n. 8 S8R
synthesise ['sinbisaiz] vt. #E4 (4b3) 17RB
systems tracts FER 5R

T

tachymetry _tz'kimitrr] n, HE W& 11RA

tackle [teekl] v. #ROL; &FE 13R
talus [Mteilas] n. WWEHER,; #EH% 12T
tamper ['temps] 0. ¥ FH 21RA
tan [tan] n. PEIEE,; MG 1T
tank [repk] n. Bk 13R
rap [teep] n. veo Bk HKAL: (FILD

HE N, #E (AEKF) 15T
ar [tor] no B R 4T
tardy |'tadiy a. B8, {7E181860:

BA: BIH 6R
rarget [raogu] n. Hip; dt# 17RB
tectonic fracture zones ) 4 M 4 HF 15T
tectonism [tektanezm ] n. fyEfEH SRE
tectonophysics [tek'tanafiziks ] [® ] n.

[HER] ey 19T
techous [tirdjas] o, TLR.ZBER . fliA

RAg Z3RE
teem with  FE¥ . N H B g
telocollinite [tela'kolinait] n. R 85 H&
telinite [telnat’) n. #EHTELE o

remporal [temparal’ a. ¥AFEY: EHERY SR

terwidurain [tenjui'djuarein] n. B

TR 10RA
terifying [‘terifaiin] a. # AB: THE 13R A
terrain ['terein] n. B ; HiE 2R

terrigenous | te'Tidgines] a. REHERY; BEYH 2T
tetrahedra [“tetrathedra] n. [H] Mm% oI
the Andes Mountains & B

(EEM 18R A
the bulk of REH, K4 3T
The Geologic Time Scale #bEHENLE 5T
The Greatr Barrier Reef 8B 4T
thermogravimetric [f#a:mau'gravimerrik_ a.

HEEE GriT) 1 LORE
threat [fret” n. ABH 18RA
throw up M Aok 17R A
thundering ['8anderig] a. TMEL{H] .

[ 0] 12RB
tidal loadiby ¥IEE, M & & 16RA
tied up ) W, WA T
tint [rint] n. &%: £F 3k
tonnage ['tanid3] n. Mi{f, HAKR 23RB
topography ‘ta'pogrefi] n. HEE B

HuFE R
topographic [topa'graefik’ o. M AY;

R ITRA
torbanite [tobaenait] n. LB 10K A
tract [treekr] no b, #ild 16RA
transformed waves §5¥k ik 20K
transient ['traenziant] a. BEEH T

transgression [traens'grefon; n. #W4E, B TR
transverse waves HiE 21T

transpiration [ transpireifon] n. %M

(EHD 13R
transitional [treen'sizanl] a. T¥RT

~ area T 157
travertine [reevatin] n. SK#E; B4 15RB
tremendous [tri'mendas] a. WIH 5T
trend [trend} n. #3B; i@ sT
trench [trentf] n. #i; #HE 17
trigger [Mriga] v. MK, WRE 18RA
tropies ['tropiks] n. A 18T
trough [teof] n. M B4 MK 15T

troughlike ['tro ) flaik] a. WEH
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rubing “iwbin] n. EE, BIEEEE

waff [tafl n. B 3R
tunnel ['tanl. n. if, #IE

wrbidity [torbiditi* oo JE#RE 16
twisting ['twistig_ a. KESEHY 18R

U

ulira-high-resolunen 8 SN (B 3R
ultramafic ['altro'meefk’ a. EHELEH 3R
ultraviolet [alera'veiale” a. #E4E

g 1T
unblemished _an'blem:[t] a. JLHEM ¢
FAE R A 1] 2T

uncollide ['ankaclaid] v o, ASE#: Frp3e;
A0

unconfined aguifer [ERIE& KB 15T

unconformity ['anken'lymiti] n. ~¥& SR

unconsolidated ['ankan'salideitid a. RE

5] £
uncontaminated [Ankan'tzmineirid] a.

EAIGRE, RAERE 22T
underclay {'andaklei” n, E# B UE

[ER ] T
undertake [anda'teik] vi. EF; MWE;

s HAT 17RB
undercut ['anda'kat] v, 9 B, B

I AR 18RA
undoutedly [an'dautidhi] ad. KHBEW; )

B2 15RB
undulate ['andjuleit] v. #sh; &K 18R

undulation [andm'leifan] n. £fh; R 18R
unduly J'an'djuelic ad. v FiE &M 11RB
uneven [aAmivon] a. A0 8, WFIELY 24T
uncveness [an'ltvoms n. AYIH; WIE 24T
unending [an'endin] a. LZH. TEH,

T 13T
unfavourable | an'feivarabl] a. FIEEM:
R R AP 20T

unify [jwaifai] vt 8 -3 -3 il —4& 1R

unigue (e ) 'nik] a. ME—#y

unmined ['anmaind| a. I R# 12RB
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unpalatable [an'peelotebl] a. HENZH:

S Nt RE 16RB
unproductive ['anpra'daktiv] a. JE4: 7=

Ty B 17RB
unravel [an'raeval] vi. B8] 4R
updip ['apdip] a. CIRES 8T
upland {'aplond] n. E#L: 4 8T

uplift [ap'lift] n. b7 B 18RE

Vv

vadose ['veidous] n. B

~ water BFEAK uT
valid [veelid] a. A% FHEBHY 16RA
variability [vearie'biliti] n. bk,

TR 23RA
vast [va:st] a. B X TiXKFH 13T
velocity [vi'lositi] n. W 16T
vein [vein] n. B: S 10RB
venus [vimas] n. &8 1T
vermicular [va:'mikjula] a. E§HHRAY 10RB
vertebrate paleontology iy HHEZI 1% 4T
vessel ['vesld n. A% 23RB
viability [vais'biliti] n. BT 11RB

viable ['vaiabl] a. A[f789: HEAEFHY 11T
vicinity {vi'siniti | n. #F4b; BE (KD 17RA
vital [‘vaitl] a. HHM A FEWEN:

52 EE, EHE 1T
vitrain ['vitrein] n. B 9T
vitreous {vitries] a. ZEERAT 2T

vitrinite ['vitrinait] n. @EHEH . #HE T
vitrinization [vitrinai'zeifan] n. ik 9RB
void [vaid] n. 2B, FLBK T
volatile ['volatail} a. . n. FERM,: HEP IRB

W

warm-blooded 3% LY 16RB
warp Lworpl v. Tl @M 8T
washery ['wofari} n. ¥4 10RB

washout [wafaut] n, il 21RA
washout {'wofaur] n. phil; whim, shElA 7R



watiright | aataiair o HEKMN B
A

water-ransmmissive  SFIKET: fEA AR

water- vielding S50 K

weght dropping | weit-dgapin | n. L

well log  MMFEREE, #3F (MIEDY o

whispy [hwispr] a 507

wiitish [Twautif 7 a. BFE A

swning Cwinno ns o, JEE HEER
X

wirchine driling R

Vwas'konsim, no (EED @
WA OCHD

withdrawal Twid'droal” n. HEHL. 7K
(H); K (8D

withstand _wid'staend ] v, #H#Y: 2F &

Wisconsin

12RA
1T

13RB

T
4R

|
0
r
|

i
!
i

witness _twamis ] n. E$E; HET G WA
HE#&

workings ['wakips, n. TR #iE;
Vs RiF

worm [wom_ n. BEd; =i

X

xylotelinite [zaila'telinait> n. ABEIHHIE

L
Y

yearly pumpage g FR KT
Yaugoslavia [u:gau’slunia] n. BT L

I3RA
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