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[摘要] 极地永冻区与海洋是两种完全不同的自然环境, 因而两种环境中天然气水合物成藏模式必然有本

质的差异。成藏模式不同, 水合物形成方式不同, 决定着勘探思维和方法也不同。从两种不同环境中天

然气水合物形成模式的基本条件出发, 讨论了海洋环境和永冻区天然气水合物形成模式的差异。分析认

为, 极地永冻区天然气水合物的主要成藏模式是深部热解甲烷模式 , 而海洋环境天然气水合物的形成除

了有生物甲烷气模式以外, 热解甲烷气模式也是其成藏的重要模式之一。
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天然气水合物主要存在于极地永冻区和海洋水深大于 300~ 500m 的地层中 [ 1] , 全世界已直接或间

接发现了 116处, 其中海洋 85处[ 2] 。据估算 [ 3, 4] , 极地冻土带中天然气水合物约有 1013~ 1016m3 , 而海

洋中约为 10
15
~ 10

18
m

3
储量, 即约 98%天然气水合物产在近海, 仅 2%产在极地永冻带中

[ 5]
。

与常规油气成藏一样, 天然气水合物的成藏涉及成藏过程中的方方面面. 笔者就上述两种环境中甲

烷气的成因、气体运移通道、相态及动力、储层和盖层以及温压条件等方面进行对比分析。

1 � 甲烷气成因

甲烷气来源不同, 形成天然气水合物的模式也不同。一般认为天然气水合物中的气体主要有热解和

微生物两种成因, 并可用甲烷 �13C 值和烃类湿度比值 ( C1 / ( C2 + C3 ) ) 来区分 [ 6]。这两种成因的甲烷

气都与有机质密切相关, 均涉及到生物及其数量, 包括生物死亡后成为可保存有机质的丰度和产甲烷菌

量两方面。

1� 1 � 海洋和冻土区有机质丰度差别
极地永冻区常年处于低温、缺氧等极端环境, 不利于生物生长和繁殖。在北极、加拿大、阿拉斯

加、南极等地冻土中发现有活的微生物群落 [ 7~ 9]。青藏高原多年冻土中微生物种类少、生长缓慢, 多为

耐冷性或嗜冷性生物
[ 10]

, 且随冻土深度增加而显著递减
[ 11~ 13]

。冻土微生物观测表明, 南极最少, 北极

最多, 青藏高原处于二者之间 [ 11, 12, 14] 。

Row e等 [ 15]对陆坡和陆隆总生物进行了估计, 认为这里生物相当发育, 丰度仅次于大陆架, 为中等

丰度, 根据0� 42或0� 5mm 筛析档板从沉积物中分离的数据, 大陆坡的大无脊椎内生动物的变化范围为
1000~ 10000个/ km2 ; 虽然生物群落随水深的增加有所变小, 但大多数鱼类中的较大和较老的个体生活

在较深的水中。由于较为适宜的温压条件和大量动植物的存在, 微生物在此大量繁殖, 并极为活跃。同

时, 三角洲地区条件更为优越, 河流带来大量的陆源物质, 有机质类型更为丰富, 富含大量易于形成甲
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烷气的混合型和腐殖型有机质。

1� 2 � 海洋和冻土区产甲烷菌量的差异
多数产甲烷菌的最适温度是 30~ 40 � , 最佳温度为 35 � [ 16] , 温度过低, 会限制产甲烷菌以及与甲

烷发酵有关的其他微生物的活性; 温度过高 ( > 75 � [ 17] ) , 甲烷菌大量死亡, 均不利于甲烷气的大量生

成。青藏高原多年冻土层年均地温- 4~ 0 � [ 18]
, 冻土底板温度为 0 � [ 19]

, 一般只有嗜冷产甲烷菌才能

生存, 而嗜冷产甲烷菌在自然界中分布很少, 且活性不高, 这样就会在很大程度上影响甲烷气的生成;

海洋环境比极地冻土区条件要优越得多, 温度不像永冻区那样低, 也有细菌大量繁殖发育所需要的养

料, 因此产甲烷菌的种群、数量及其活性都比冻土区高出很多。因此, 海洋环境更有利于生物甲烷气的

形成。

可见, 极地永冻区无论是在生物数量、有机质丰度, 还是产甲烷菌的量等方面都与海洋区的相去甚

远, 这必然会对极地永冻区和海洋区的天然气水合物形成模式及其储量的大小造成影响。

2 � 运移通道

海洋区天然气水合物形成过程中, 浅部生物甲烷气等轻烃流体因其自身的重力和密度而形成的势能

差和浮力及流体本身的自由扩散作用
[ 20]

, 可以通过还没有固结的软泥或松散的沉积物进入气体水合物

稳定带; 深部甲烷气可以通过断裂、不整合以及泥火山等运移通道快速进入浅部或水合物稳定带; 极地

永冻区和海洋环境不同, 天然气水合物成藏的运移通道也应存在差异。极地永冻区天然气水合物气源以

深部热解气为主, 主要是通过断层、裂隙、不整合面或储层作横向或垂向运移。

3 � 运移相态和动力

无论是生物成因甲烷气, 还是热解成因甲烷气, 都要经过运移才能够在温压条件适宜的地方形成天

然气水合物, 甲烷气在运移的过程中都要呈一定的相态运移。一般运移相态与其成因模式及形成环境密

切相关。生物成因甲烷气, 一样遵从有机质成熟演化规律, 在埋深小于 1500m, 温度 10~ 60 � 时, 生

物甲烷气可以大量溶解在水中。据研究
[ 21]

, 当压力为 2� 76 � 106 Pa 时, 天然气在水中的溶解度为
0� 71m3

/ m
3
, 以海水比值为 1� 03 � 103kg/ m 3

, 那么在水深 300~ 500m 的水底压力 (未计算沉积物上覆

压力) 为 ( 2� 94~ 5� 05) � 106Pa, 溶解度应该高于此值, 应该有较多的天然气溶解于水中运移; 同时,

由于生物甲烷气的生成与压实的初期和稳定压实阶段一致, 这些游离气和水溶气依靠压实力为动力而进

行运移。相对而言, 热解成因的甲烷 (或遭到破坏的气藏) 气体较为集中、数量较大, 孔隙水的数量远

远无法溶解如此多的甲烷气, 这时甲烷气的运移相态应以游离相为主。

4 � 储层和盖层条件差异

从天然气水合物作为一种 � 累赘� 发现于输气管内 [ 22]来看, 储盖层对它的形成似乎关系不大, 但

有利储盖层会更利于天然气水合物的形成, 因为甲烷气沿一定的通道运移到温度、压力适宜的储盖层,

就地聚集, 不至于逸散, 并形成天然气水合物而得以保存。

目前大多数海洋区的天然气水合物存在于中新世以来沉积的颗粒较粗的沉积地层中, 这些沉积地层

还处于未固结、半固结状态, 岩性比较疏松[ 23] , 一般为粉砂质泥岩、泥质粉砂岩、粉砂岩、砂岩及砂

砾岩[ 24] , 具有良好的孔渗性能, 孔隙度一般为 20%~ 35% , 渗透率为 ( 150~ 1750) � 10- 3�m2 [ 25] , 为

天然气水合物的发育和赋存提供了空间。

相对而言, 冻土带的水合物更倾向于储集在粗粒的沉积物中。加拿大 Mackenzie三角洲冻土带中的

天然气水合物主要充填于砂/砾孔隙中, 淤泥和粘土不含天然气水合物或含量很低。例如, 在 Mallik

5L�38水合物开发井中, 砂层中的水合物饱和度可达 80%, 而粉砂岩和泥岩水合物饱和度则较低[ 20] 。
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海域产甲烷菌活动的范围涵盖水合物的稳定带, 与形成生物气藏不同的是, 疏松地层中微生物成因

的甲烷可以先形成天然气水合物而毋须良好的封盖条件
[ 25]
。多年冻土区, 常年低温, 冻土厚度大, 一

方面抑制甲烷的生成, 另一方面可使甲烷在永久冻土带成为水合物, 阻止甲烷散逸, 成为良好的盖层,

从而形成生物气藏和天然气水合物矿藏 [ 26]。

5 � 温压条件

天然气水合物一般在低温、高压的环境下形成, 在一定的范围内, 温度的不足可用增加压力来弥

补, 同样压力的不足也可以用降低温度来补充。

永冻区天然气水合物深度的上限为 150m , 地表温度低于 0 � ; 在海洋沉积区, 天然气水合物产于

海底温度约为 0 � , 水深在 300m 以下[ 27] ; 青藏高原多年冻土层年平均温度- 0� 5~ - 3 � [ 2 8] , 冻土层地

温梯度 11~ 33 � / km, 冻土层之下沉积层地温梯度为 28~ 51 � / km , 多年冻土厚度 25~ 200m , 天然气

水合物最浅的顶界埋深可能为 74m 左右
[ 29]

, 最深的底界埋深有可能达到上千米。

海洋区与冻土区则不同, 多年冻土温度一般低于 0 � , 因此无需太高的压力, 而海洋区水深多在

300m 以上, 压力相对较大, 所以形成天然气水合物的温度可以适当放宽。从天然气水合物形成的相界

条件可知, 在温度 0~ 20 � 、水深 300~ 3000m 范围内, 海底沉积物中容易形成天然气水合物
[ 30]
。

6 � 形成模式

通过极地永冻区和海洋环境的生物 (包括甲烷菌) 发育情况、有机质丰度、储盖层、运移通道、运

移相态与动力以及温压条件等多方面的综合研究, 认为天然气水合物的形成模式主要有生物甲烷成因模

式、热解甲烷成因模式, 但由于环境存在差异, 其中天然气水合物的主要成因模式也存在差异。

6� 1 � 生物甲烷成因模式
该类成因模式的共同特点是甲烷气为生物成因, 只是形成时间有早晚之分[ 31~ 33]。根据有机质是否

位于天然气水合物稳定带内, 将其进一步划分为浅部生物甲烷气模式和深部生物甲烷气模式两种。

1) 浅部生物甲烷气模式 � 该模式假定甲烷是气水合物稳定带内的有机质经生物作用形成的 [ 31] , 气

水合物的生成与沉积作用同时发生, 甲烷气在有机质形成的同一地层中生成并保存。

2) 深部生物甲烷气模式 � 该模式假定气水合物的甲烷是深部来源的, 即是由上升流体从深部进入

气水合物稳定带时分离出来的甲烷形成的[ 32]。

6� 2 � 热解甲烷成因模式
这种模式认为甲烷是有机质经热解形成的, 可以根据形成天然气水合物时是否需要运移分成气藏速

冻式和缓慢冷冻式两种, 前者不需要运移, 后者则需要运移。

1) 气藏速冻式 � 该模式假设原来的气藏, 由于气候条件的变化 (由间冰期到冰期) , 温度下降, 当

温度压力达到气水合物形成条件时形成的, 或是由于构造运动使其上升剥蚀温度降低, 而形成天然气水

合物, 可以认为它是极地气水合物的形成模式。

2) 缓慢冷冻式 � 这种模式是深部热解甲烷气, 运移到气水合物带或适合于形成气水合物的海底或

极地永冻区, 边运移边成藏而形成气水合物矿藏。这种模式可以为海域和极地气水合物的共同模式。

7 � 结 � � 论

1) 极地永冻区, 微生物量及沉积地层中的有机质保存量相对较少, 生物成因甲烷对天然气水合物

矿藏贡献有限, 而热解甲烷气沿一定的通道向上运移或原先业已存在的气藏受剥蚀接近地表, 在温压适

中的地方, 可以形成天然气水合物。因此气藏速冻式和缓慢冷冻式是极地永冻区天然气水合物形成的主

要模式。
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2) 海洋环境, 生物大量发育, 丰富的有机质在产甲烷菌的作用下生成数量可观的甲烷气, 这些甲

烷气以溶解态或游离相态, 在压实力的作用下运移, 由深部向浅部运移, 当温压适中时, 可以形成天然

气水合物。因而深部和浅部生物甲烷气是海洋的天然气水合物形成模式; 此外由于海底同样具备低温和

高压环境, 如果热解甲烷气沿一定的通道向上运移, 而且温度压力适中, 一样可以形成天然气水合物,

因而缓慢冷冻式也是海洋环境天然气水合物的形成模式之一。

3) 按照模式理论, 地史过程中, 良好的烃源岩和储盖层发育, 有一定程度的构造运动, 裂隙、断

层等运移通道发育, 同时经历过冰期气候, 温压条件适宜的极地永冻区是有利的天然气水合物赋存区;

而海洋环境, 只要生物发育, 死亡后有机质得以保存, 在甲烷菌的作用下, 就可以形成大量天然气, 储

盖层发育, 并且温压适宜的沉积区是天然气水合物赋存区; 除此之外, 即使在生物不太发育的海洋区,

如果海底断层或裂缝发育, 当天然气运移到合适的温压环境, 也可以形成天然气水合物, 所以这些地区

也是天然气水合物赋存的地区。
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4 � 结 � � 论

1) 西峰油田长 8储层主要成岩作用有压实作用、胶结作用、交代作用、溶蚀作用 4种, 其中压实

作用以中等~ 强压实为主, 胶结作用以中等~ 强胶结为主, 交代作用以中等~ 强胶结为主。溶蚀作用以

长石和方解石胶结物的溶蚀为主, 溶蚀强度以中等溶蚀为主。

2) 西峰油田长 8油层组成岩储集相分为 3类: � 不稳定组分溶蚀次生孔隙成岩储集相; � 中等压

实弱�中胶结混合孔隙成岩储集相; � 强压实强胶结残余粒间孔成岩储集相。其中不稳定组分溶蚀次生
孔隙成岩储集相为最有利于油气储集的成岩储集相类型。
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ples or the s imilarit y betw een th e phase variables, i t w as classif ied s tep by step� By taking Wellb lock Xi259 in C heng hao Oilf ield for exam�
ple, Q�h ierarchical clustering m ethod of cluster analysis w as u sed to s tu dy the type of C32 reservoir, and sam ples w ere class ified, by
w h ich the law of spat ial dist ribut ion of r eservoirs w as ob tained� Th e r esul t s sh ow that th e m ethod for reservoir evaluat ion is feasible w ith
high rat ionalit y�
Key words: reservoir evaluat ion; clu ster analysis; Q�t ype h ierarch ical clustering method; Chenghao Oilf ield

27 Analysis on Structural Evolution of Northern Jiangsu�South Yellow Sea Basin
LIU Dong�y ing � ( Au thor�s Ad d ress : Re search Inst i tut e of G eosc ienc es, J iangsu Oi lf ie ld Company , SI N OPEC, Yang zh ou
225009, J iang su, China)
Abstract: By analysis of exten sion� rat io and sub side rat io of northern Jiangsu� S ou th Yellow S ea Bas in, tectonic evolu tion of the basin w as
divided in to three periods� Th e period of dep os it ion of T aizhou� Fun ing Format ion was a prosperous period of th e bas in d evelopment , in
w h ich the ex tensional ratio and deposit ion rat io of the bas in w ere max imum� T he erosion intensity of Wubao Event w as st ronger in th e
east and w eaker in th e w est� Th e period of the deposit ion of Dainan�Sanduo Format ion w as a typical development period of a rif t basin, of
w h ich ex tensional ratios and deposit ional rat ios w ere low er th an that of the previous period� For the ef fect of th e San duo event , f rom th e
analysis of it s p reservat ion state, in tegrated st rata w ere p reserved in the depression and th ey w er e less pres erved in hum ped and slope ar�
eas , and it w as less eroded in the south depres sion and more in the north depres sion� After Sanduo event , the basin is tu rned from rift ba�
s in to depression basin, the earl ier separated sedimen t of the ri ft bas in i s tu rned to a un ified sedim ent of depression deposit

Key words: ex tensional ratio analysis; sub side ratio an aly sis; t ectonic evolut ion; n orth ern Jiangsu�South Yel low S ea Basin

32 Characteristics of Light Hydrocarbon Inclusions and Reservoir Formation Stages of Xia�ermen Oilfield in Biyang Depression
LU Ming�jiu � ( A uth or�s Ad d ress : Dep artment of Oil f ield E xp lorat ion, H enan Oi lf i eld Comp any , S IN OPEC, N anyang 473132
H enan, China)
Abstract: : Core s am ples w ere collected f rom th e third member of H etaoyuan Format ion of Xiaermen Oilfi eld in Biyang Depres sion, in
w h ich inclu sions w ere s tu died by pet rology analysis, f lu or os copy analysis and uniform ity tem peratu re measu rement� T he result s indicate
th ere are three stages of hydrocarb on inclusions , w hich correspon ds to three format ion stages of reservoi r resulted f rom bas in�history a�
nalys is and therm al�history analysi s� Hyd rocarb on inclusions analysis provides evidence for determin ing main reservoir formin g stages,
w h ich indicates that the late Olig ocene Stag e is a less hyd rocarb on format ion stage, and Miocene�Pliocene u plif t S tage ( the end of Li�
aozhuang Formation) is a main primary hydrocarbon formation stage, T he third stage ( Before Qu aternary Period ) mainly pr odu ces sec�
ondary hydrocarbon res ervoir� It is r ecogniz ed th at it w ould be more rel iable to synthesize the resul ts of hydrocarbon inclusions an aly sis,
b asin�h istory analysis and th ermal�history an aly sis�
Key words: hydr ocarb on inclusion; format ion stage of reservoir; hydrocarbon accum ulation; Biyan g Depression ; Xiaermen Oilf ield

37 Carbonif erous Volcanic Rock Geological Characteristics in Xinjiang Sanbao Depression
WANG Jiong , LI Guang�yun , DANG Lu�rui, HU Jin�quan, WANG Wan�peng � ( Fir st A uthor�s A dd re ss : S chool of Oil and

Gas Eng inee ring , Chong qing Univ ersi ty of S ci ence and T ech nolog y , Chong qing 401331, China)
Abstract: To study the carboniferou s oil and gas in Sanbao Depression of Xinjiang Ar ea, based on the data of f ield outcrops, heavy mag�
n eto�elect ric detect ion and data col lected from seism and drillin g in recent operation s, the condit ions of oil�gas geology of th e carb onifer�
ous volcanic r ocks in S anb ao Depres sion w ere preliminarily s tu died� It is dem on st rated that it h as the condit ion of hydrocarbon accumula�
t ion w ith good prospects of oil and gas explorat ion� It is pointed out that H uanglugang St ructure is the favorable explor at ion z on e of Car�
b oni ferous oil and gas in Sanbao Depression, w here th e No� 1 T rap in H uanglugang St ructure i s the firs t select ion of carboniferou s oil and
gas ex plorat ion�
Key words: Sanbao Depr ess ion; carb oni ferous; volcanic rock; geologic characterist ics ; f avorable explorat ion z one

41 Study on Eq3 Sedimentary Microfacies and Its Oil�bearing Property in the South of Daqingzijing Oilf ield
WANG An�hui , ZHAO Quan�jun � ( A uth or�s Ad d ress : Qian�an Oil Pr od uct ion Plant , J il in Oil Comp any , CNPC, Song yuan
138003, J il in, China)
Abstract: Eq3 in the s ou th of Daqingzijin g Oilf ield w as one of the main target zones for oilf ield ex ploration�T herefore it w as of great sig�
nif icance for oilf ield ex plorat ion and developm ent by correctly r estoring the type of sedimentary m icrofacies an d it s ar eal dis t ribut ion and
studying th e relat ionsh ip betw een the sedimen tary m icrofacies and oil�gas dist rib ut ion� Th e sedimentary facies signs us ed for s tu dy in�
cludes rock colour, lithology, part icle si ze, r ock st ructure, s edim entary tectonics and log facies, th e study reveals that E q3 in the s tu died
area is a del ta plain subfacies, and 4 sedimen tary microfacies such as dist ributary ch ann el, crevasse splays, river overf low s sh ore sand
b ody and dist ributary b ay are fu rth er ident if ied and plain dis tr ibut ion rules of the sedimentary microfacies in each layer are restored on th e
b asi s stated above, the cont rol of sedimentary micr ofacies on oil and gas accumulat ion is analyzed�
Key words: south of Daqingzi jing Oilf ield; E q3 ; sedimen tary microfacies; oil�bearing sand bodies

45 Geochemical Characteristics and Comprehensive Evaluation of Source Rocks of Yingcheng Formation in Lishu Fault Depres�
sion of Southern Songliao Basin
ZHANG Jun � ( Author�s A ddress: Research I nsti tute of Petrol eum Ex plorat ion and Development , SINOPEC, Beij ing 100083, China)
Abstract: T he data of regional g eological survey an d organic g eoch emical measu rement f rom Lishu Faul t Depres sion of southern Songl iao
Basin w ere used to comprehen sively evaluate the source rocks fr om the aspects of organic mat ter abundance, it s types an d maturity� Th e
resu lt s show that sour ce rocks of Yingch eng Form at ion are mainly developed in Sh iw u, Gujiazi and S iw ujiazi Ar eas, their m axim um
th ickness are more than 500 m; the source r ocks have high organic mat ter ab undance, they belong to med�good rank source rocks ; th e
organic m at ter type is dom inated by k erogen of Type II1, the nes t is k erogen of Type III; matu rity of organic mat ter are gr eat ly diff erent
in various region s, source rocks of Xiaoch engzi, Gujiazi and Shiw u areas ar e highly matured, they are at over matur e stage thos e of th e
g ent le slope belt are at m ature an d high m ature stages in the southw es t of the faul t depression� In addit ion, sour ce rocks f rom Shuanglong
Area in the n orth east of th e fault depres sion are at low�mature stage� Seein g f rom the source rock condit ion s, it reveals that source rocks
of Yin gcheng Format ion provide enorm ou s m aterial storage condit ions for deep or shallow hydrocarbon accumulat ion in Lish u Fault De�
pr ess ion in the s ou thern Songl iao Basin�
Key words: sou rce rock evalu at ion; hydrocarbon genesis potent ial; Yingcheng Form at ion; Lishu Fault Dep ress ion

49 Differences between Gas Hydrate Formation Patterns in Arctic Permafrost Region and Marine Environment
CHEN Yong�qiao , LI We i�hua , WANG Ling�x ia , YANG Xi�li � ( Fi rst A uthor�s A d dr ess: Geochemist ry Dep artment , Yang tz e
Univ er sit y ; K ey L aborator y of E xp lorat ion T ech nology f or Oil and Gas Re sour ces � ( Yang tz e Univ er sit y ) , M inist ry of E du cation,

Jingz hou 434023, H ube i, China)
Abstract: Th e natural en vi ronmen t in arct ic permaf rost region and marin e environm ent w ere completely diff erent , therefore the res ervoir
format ion patterns of gas hydrate in thes e tw o en vi ronmen ts should be ess ent ially dif f erent� Because of diff er ent reservoir formin g pat terns
and different hydrate formin g modes, th erefore th e thinking s and meth ods for looking for it w er e diff erent� Based on the format ion pat�
t erns an d basic condit ions in tw o dif ferent environments, the dif feren ces b etw een th e pat terns of gas hyd rate formation in tw o different
environments w ere discus sed� It is consid ered by analysis th at deep pyrolysis methane gas is the m ain format ion pat tern in permaf rost r e�
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gion , and th e bio�m ethane gas is th e main format ion in m arin e environment , w hile pyrolys is methane gas is also h olding an imp ortant po�
s iti on�
Key words: gas hydrate; arct ic permafros t region ; marine environm ent ; format ion m odel

54 Es4 Heavy Oil Reservoir Characteristics and Control Factors of Block Cao4 in Le�an Oilf ield
SUN Lian�zhong , WANG You�jing , LIU Lang , WANG Qing�sheng � ( Fi rst A uth or�s A dd re ss: S chool of E nerg y Resource s,
Ch ina Unive rsi ty of Geosci ence s, Bei j ing 100083, China)

Abstract: The trap as sem blies of th e slow slope z on e at the basin�s edge w ere closely r elated to their s pecial areal st ructu ral char acters,
w h ere overlap, un conform ity heavy oil reservoi rs w er e usual ly developed� By taking th e typical s trat igraphic u nconformity heavy oil reser�
voir � Le�an Oilf ield in the s outhern gent le slope zone of Don gyin g Depres sion as an example, the reservoir characteri st ics and primary
cont rol factors w ere analyzed by applying s eism ic, cor e, dril ling and logging data� It w as of great im portance to s cien tif ic and ef fect ive de�
velopment of sim ilar special oil and gas reser voir s� Th e resul ts show that in Es 4 res ervoir in Block Cao4 of Le�an Oilf ield tw o sequen ces are
d evelop ed� T he r ock types are main ly of carbonaceous or muddy, s eriate and pebbled deb ris� feldspar sandstones� St rong er reservoi r sen si�
t ivit y i s in duced by higher s ilt and carbonate con tents� T he sour ce of sedimen ts is most ly derived f rom the Guan grao up�l ift in th e south�
eas t and it has the sedimentary character of mid� subfacies of u nderw ater alluvial fan� It is th e reservoir w ith high porosity and middle per�
m eabilit y� Oil vis cosity is low er in th e high st ructu re than that in the low st ructu re of a res ervoir; and thicken s vert ically from the b ot tom
to top of the format ion, T he factors, including s ediment character s, uncon formity, big bas ement faul t, volcan o act ivity and sh allow bur�
ial, comprehensively con t rol the reservoir characters and oil property�
Key words: gen tle slope z on e; heavy oil ; reservoir characterist ics ; con t rol factor

58 Heterogeneous Genesis of Carbonate Reservoirs in Yaha�Yingmaili Area
LI Jian�jiao , XIE Qi�lai , LU Xiu�x iang , LIN Dong�sheng , HAN Li�jun, WU Jian�jun � ( F ir st A uthor�s A d dr ess: Resear ch

In st i tut e of Pe tr ol eum Ex p lorat ion and Dev e lop ment , SI N OPEC, Bei j ing 100083, China)
Abstract: Th e w eath ering cru st k ars t reser voir s, in ner karst res ervoirs and tectonic fractur ed res ervoirs w ere grow n in Palaeozoic era of
Yaha�Yingm aili Area; each type of r eservoir had very st rong h eterogeneity� T he differences of th e hardness, brit t len ess , rock st ructures,
w ay of weath ering caused tw o typ es of reser voir heterogeneit ies in l imes ton e and dolomite rock s� By compar ing the r eservoirs with lim e�
s ton e as parent rock w ith the one using d olom ite rock as paren t rock, the former had st rong h eterogeneity, s o it w as hard to be predicted
in vert ical or horizontal dir ect ion� And for a certain type of reservoir, th e heterogeneity of carbonate karst weath ering crus t res ervoir w as
related to the vert ical k ars t zones and locat ion of the ancient landscape; b ut for in sider karst or f racture s t ructural res ervoir, its grow th
w as clos ely related w ith crack open or close of carbonate reser voirs� Because chemical property of th e carb on ate rocks w ere un stable,
w h en the res ervoirs were influen ced b y the deep th ermal f luid, goos res ervoir pr op erty often indu ced� H ow ever, as the r ole of randomness
hydrotherm al act ivity and the area of in fluence is hard to b e predicted, so it is h ard to be evaluated in the vert ical or horizontal dir ect ion,
it is al so an important factor inf luencin g the r eservoir h eterogeneity�
Key words: carbonate reservoir; heterogen eity; hydrocarbon dist ribut ion

62 Application of Stratal Slicing in Lithofacies Identif ication of Complex Exploration Area
WANG Jiang , LIN Dong�cheng , LI Peng , YANG Wei � ( Fi rst Au th or�s A d dr ess: S chool of Ene rg y Resource s, China Univ er�
si t y of G eosc ienc es, Be ij ing 100083, China; Resear ch I nsti tute of Pet rol eum Ex p lorat ion and Dev e lop ment , Daqing Oi l f i eld

Co� L td� , CN PC, Daqing 163712, H ei long j iang , China)
Abstract: Fault dep ress ion basin generally had characterist ics of f ractu re breaking, complicated st ru ctures , proximal s ources, the thick�
n ess of s edimentary st rata changed rapidly in horizontal direct ion, thus s eism ic reflect ion characterist ics changed rapidly, it resulted in
g reat dif ficulty for sei smic data interpretat ion� H ow to ext ract th e simul taneou s sei smic data ref lect ing th e changes of lithology based on
sequence s t rat igraphic f ram ew ork w as increasingly important� Based on th e analysis of appl icat ion of time sl icing and slice layer in fault
d epression basin, a n ew m ethod of ext ractin g the simultaneou s sei smic information � �� st ratal slicing w as discu ssed, w hich w as used in
th e sedim entary s trata of 3D seismic data that the thickn ess chan ged rapidly in the horizontal direct ion� It is u sed for recognizing channel
and fan body in Dam ogu aih e Form at ion of Beixib ei Area of Hailar Basin and g ood ef fect is obtain ed�
Key words: 3D seismic data; lithologic interpretat ion; st ratal slicin g

66 Application of Pre�stack Seismic Attribute in Prediction of Turbidite Reservoir
� � � � By Taking the Lower Member of Shahejie Formation in Xinglongtai�Majuanzi Region for Example
XIAO Dong�sheng � ( A uthor�s A dd re ss: S chool of Ener g y Resource s, China Univ er sit y of Geosci ences , Bei j ing 100083, China)

Abstract: E xplorat ion resul ts indicated that th e tu rbidite reservoi rs w ere developed in the mid�l ower member of Es3 in Xinglongtai�Ma�
ju anz i Region , wh ere oil and gas w as apparent ly cont rolled by their di st ribut ion, and had a st rong hidden nature� T he arrangement of ex�
plorat ion was seriously res tricted because of u nclear recogn ition of favorable reservoir dist ribut ion� T herefore, the logging l ithologic infor�
mat ion an d sensit ive curves of S P, GR w ere compr ehensively analyz ed f irst and the lithology�indicated curve w as estab lish ed for ref lect ing
th e lithologic variat ions� T hen, th e pre�stack AVO process w as carried out to ob tain mult iple at t ribute volumes, inclu ding intercept ( P
) , gradient ( G ) , P * G , f ar angle low frequen cy ( FLF) and ��, �� t o ext ract seismic at t ributes inclu ding am plitude, f requ ency and
phase� Finally, b y taking the lithology�indicated cu rve as the target curve, the pre�stack seismic at t ributes w ith high sen sit ivity w ere op�
t imiz ed as inversion param eters , neural netw ork inversion w as used to ident ify and describ e the tu rbidite reservoi rs in Xinglongtai�Ma�
ju anz i Region� T he resul t is cons istent w ith that of drilled w ells and geological recogn ition s�
Key words: turbidite; lit ho lo gy�indicated curve; pre�stack seismic att ribute; neural netw ork inversion

70 Seismic Facies and Characteristics of Sand�body Distribution of Shahejie Formation in Beitang Sag of Huanghua Depression
BAI Yun�feng , WANG Hua , WANG Zhen�sheng , ZHANG Bing , LIAO Yuan�ta o , LIN Zheng�lia ng � ( Fi rst A uth or�s A d�
dr ess: R esearch I nsti tut e of P et role um E xp lor ation and Dev elop ment , Da qing Oi l f i eld Co� L td, CN PC, Daqing 163712, H e i�
long j ian g, China; Coll eg e of Ear th S ci ences , Ji l in Univ ersi ty , Ch angch un 130061, J il in, China)
Abstract: Local explorat ion show ed that Shahejie Format ion w as one of the im portant layers of oil and gas exploration in Beitang S ag� A
few w ells w ere drill ed in larg e areas, especially in d eep depression s, therefore it w as very neces sar y to analyze the seismic facies� Based on
th e reliable sei smic ref lect ion marks , such as internal sei smic ref lection st ructur e and ex ternal sh ape of Shahejie Format ion in Bei tang
S ag, an d in comb inat ion w ith its ref lection param eters in cludin g amplitude, cont inu ity, fr equency and so on, the sei smic facies w as ana�
lyz ed, and six s eism ic facies w ere ident ifi ed, including mat�shaped facies, m oundy facies, dow n� cut t ing f illing facies , len ticular facies,
w edge�shaped and foreset facies� In combin at ion wi th the regional drilling data and st ructu ral backgr ou nd, the areal di st ribut ion charac�
t erist ics of seismic facies w ere analyzed, the seismic facies w as t rans fered into s edimentary one� Th e resu lt s hows that thr ee sedimen tary
facies are developed in the area, w hich include lacust rine, fan del ta an d tu rbidite facies� It provides an im portant basis for studyin g th e
dist ribut ion of sand b odies�
Key words: Beitang Sag; S hahejie Form at ion; s eismic facies; sedimentary facies ; sand body

77 Experimental Analysis and Application of Permian Rock Sample NMR in Ordos Basin
ZHANG Ze�yu , MA Huo�lin, PAN He�ping , GAO Zhi�qiang , GUO Xu�yang � ( Fi rst A uthor�s A d dr ess: Col le ge of G eop hy sic s
and Geomat ic s, China Univ ersi t y of G eosc ienc es, Wuhan 430074, H ubei, China)
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