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Abstract　 Gas chromatog raphic data show that there are several species of hydroca rbons such

as methane, ethene, propane, propy lene, acetylene, i sobutane, no rmal butane, i sopentane,

no rmal pentane and hyxane in primary aqueous inclusions. The dry-w et ratio o f ligh t hydroca r-

bon is v ery high ( 0. 972～ 0. 998) w hich is cha racteristic o f coal-type gas. It can be considered

tha t the light hydrocarbon in the f luid inclusions associa ting w ith coal inclusions along some

healing fractures may deriv e f rom coal instead o f pet roleum during coalification.
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摘要　气相色谱分析表明 , 原生包裹体内存在着数种烃类诸如 CH4 , C2 H4 , C3 H8 , C3 H6 , C2 H2 , iC4 , n C4 , iC5 ,

nC5和 C6。轻烃的干湿比很高 ( 0. 972～ 0. 998) , 具有煤型气的特征。流体包裹体常沿着愈合断裂与煤包裹体共

生 , 由此推断成矿流体内的轻烃可能来自于煤而非石油。

关键词　烃类　包裹体　成矿流体　煤　钨

中图法分类号　 P 618. 205

　　 It is widely documented tha t concentra tions o f

metal may be associated wi th diverse o rg anic materi-

als, from liv ing plants and animals th rough organic-

rich sediments to crude oil , so lid bitumen /pyrobitu-

men, and coal. The significance of o rganic ma tter in

minerali zing processes has been the subject of sev er-

al special publica tions
[1～ 5 ] , Henley D. et al. ,

[ 6]
Bur-

russ R. C. ,
[7 ]

Row an E. L. et al.
[8 ]

and Hu M. et

al.
[ 9]

discovered various complex hydroca rbon in f lu-

id inclusions in some metallic o re depo sit s such as

gold, tin and lead-zinc deposi ts. Kvenvolden Kei th

A. et al.
[10 ]

began to no tice the rela tionship betw een

petro leum and polymetallic sulfide in sediment f rom

Go rda Ridge. Goldberg Iosi f S. et al.
[11, 12 ]

studied

the genesis of o re concentration in heavy oi l and bi-

tumens a s w el l as the metallog enetic problem o f

heavy oi ls, natural bitumens and oi l shales. Parnell

Jonn et al.
[ 14]

determined the hydroca rbon mig ration

into a bi tumen-bearing o re deposi t during pet roleum

evolution by means o f Pb-Pb da ting . According to

the fluid inclusion evidence, Bur russ R. C. [7 ] con-

sidered that there w ould be oil-w ater interaction in

the ore deposi ts. In addi tion, Lu G. et al.
[15 ]

dis-

covered and studied the genetic link betw een the

gold-mercury minerali za tion and petroleum in the

Danzhai mine, Guizhou, China. Based on the organ-

ic geochemical da ta f rom the bi tumens in the metal-

lic deposi ts, Quirk D. G. et al. [16 ] and Wilson N.

S. F.
[17 ]

also considered that the hydro thermal

petro leum might be associa ted wi th minerali zation.

In 1989, Ting F. T. C. et al.
[18 ]

no ticed that

there w ould be a spatial relationship betw een coal

metamo rphism and gold-copper minerali zation in the

Chinkuashih dist rict , Taiwan. Chen R. et al. [ 19, 20]

also discovered and studied in detai l the spatial and

genetic rela tionship between hydro thermally meta-

mo rphosed coals and endogenetic metallic deposi t s

( Hg , Sb, Pb, Zn, Cu, Au, Ag etc. ) in Hunan-

Guangxi-Guangdong Provinces, China. Dvor nikov
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A. G.
[21 ]

inv estig ated some pa tterns of the distribu-

tion of cinnabar in coal measures of the Donba s,

Russia. Since 1992, more and mo re people have

been interested in the relationship between coals and

metallic o re deposi t s.
[22～ 24 ]

Generally , the coa ls rela tiv e to the endogenetic

o re depo sit s may be hydro thermally o r magmatically

metamo rphosed coals, who se metamo rphic ranks

range f rom lean coal to superanth raci te. It i s v ery

possible that deriv ed-coal hydroca rbons would be

carried into some hydrothermal systems during coal

metamo rphism o r metallic minerali zation. In o rder

to determine o rganic mat ter in depo sit s, w e ana-

ly zed light hydro carbon o f fluid inclusions in miner-

als f rom the Yaogangxian tung sten deposi t, Hunan

province, China.

1　 Geologic Setting

The Yaogangxian a rea, Yizhang county, Hu-

nan province, China, occurs in the Ea rly Yanshani-

an g rani toid suite, consisting of many exposed or

hidden small-scale bodies and dykes. The Early

Yanshanian ( 169-178 Ma , K-Ar dating ) g ranite, as

a principal igneous ro ck type, is reg arded as an o re-

fo rming pa rent rock at the Yaogangxian mine.

Most ly, the g ranitic body is hidden, and the ex-

posed area is only 1. 2 km2 . There are several larg e-

scale tung sten, tin, lead-zinc ore deposi ts wi thin

the g ranitoid sui te.

The wa ll rocks f rom Sinician to Triassic can be

int ruded by the above-mentioned g rani toid sui te.

The Caledonian layer ( Sinician to Silurian) is dis-

tributed in the deep basement and to the east of the

a rea. It is composed mainly of epimetamo rphic

quar tz sandstone, slate and silicalite, locally imbed-

ding limestone and dolomi ti te. The Indosinian layer

( Devonian to Middle Triassic) is majorly distributed

to the w est of the a rea, consisting of sandstone,

limestone, marl, dolomi te, do lomitic limestone, sil-

icali te, locally imbedding coal bed in the Ea rly Car-

boni ferous. Late Triassic occurs a long the faul ted

basin nearby the Yaoganxian deposi t, consisting o f

quar tz sandstone and feldspar quartz sandstone, lo-

cally imbedding coal bed. In the nor theast-south-

w est-t rending w all rocks, lo cally there a re many

kinds of hydrothermal al teration such as serici ti za-

tion, g reiseniza tion, chloriti zation, pyriti zation

etc. , being resulted f rom hydro thermal f luids rela-

tiv e to g rani toid evolution.

The Yaoganxian tung sten deposi t lies w ithin

the top belt of part ly hidden g rani te of Early Yan-

shanian. It occurs in g ranites, pegmati tes, ska rns,

as w ell as sandstones and epimetamo rphic rocks in-

truded by the hidden g rani te body. The depth of

minerali zed rocks is f rom 600 m to 1400 m a t above-

sea lev el. Grani te-, pegmati te- and g reisen-type

w olf ramite deposi t s, occurring in the upper g rani te

body , are closely rela ted to grani te magmatism and

autumetamo rphism. Skar noid scheeli te deposi t, ly-

ing out of the contact zone, is resulted f rom the in-

teraction between Devonian limestone and the hy-

dro thermal fluid relative to g rani te magma. Stock-

w ork sandstone-type scheeli te deposit , found in De-

vonian sandstone, i s ascribed to the metasomasis

and filling o f hydro thermal f luid. However, quartz-

vein-type w ol frami te deposi t, a principal deposit

type, occurs in the Cambrian epimetamo rphic

rocks, Devonian sandstone and La te Triassic sedi-

menta ry rocks, including coal bed. Tung sten miner-

alization is associa ted w ith the veins composed pre-

dominant ly of quar tz, f luo ri te, serici te, muscovi te,

pyrite and topa z. The veins w ere fo rmed by the

open-space filling of hydrothermal f luid.

A small-scale coal bed of Late Triassic o ccurs

wi thin the deposi t , 650 m from the top of hidden

g ranite body. The coal bed st rikes northeast-south-

w est and dips to the no rthw est a t 7°～ 15°; i ts av er-

age thickness is about 0. 5 m. The coal bed can be

traced fo r more than 500 m along st rike and

downdip. It i s estimated that there w ould be about

80 000 tons of coal reserv es.

2　 Analytic Method and Results

In o rder to determine the types o f org anic ma t-

ter in f luid inclusions, the autho rs analy zed the light

hydroca rbon o f f luid inclusions in quar tz, f luo ri te

and w ol frami te f rom the hydrothermal v eins in the

Yaogangx ian tung sten deposi t by means of gas chro-

matog raphy. Af ter doing many tests, w e have

gained the fol lowing gas chroma tog raphic conditions

w hich can completely separate the light hydrocar-

bon.

( 1) Chromatographic column　 A quar tz g lass

capi llary column, 50 m× 0. 53 mm , w ith an internal

covering o f Al2O3 /KCl

( 2) Detector　 FID
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( 3 ) Temperature of chromatographic column

　When the temperature o f ch romatog raphic co lumn

increases, it i s no t g ood fo r the separation o f C1 -C3.

How ever , the low er temperature of chro-

ma tog raphic column w ill influence the stability o f

g as separation. It is appropria te to select a chro-

ma tog raphic column o f 40℃ at a ca rrier flow rate o f

6. 4 mL /min until a peak o f ethene occuring a t a po-

si tion fo r 80 seconds or so. And then, the temper-

arure of ch romatog raphic column will increase a t a

ra te o f 30℃ /min until 150℃ .

( 4) Carrier　 Hydrogen ( H2 ) , giv en by a high-

quality hydrogen genera to r. It s f low ra te is 6. 4

m L /min, and i ts ratio o f pa rtial f low is 4. 5 mL /

min.

( 5) Temperature of f eeder　 150℃

( 6) Temperature of detector　 250℃
( 7) Flow rate of air　 6. 00 mL /min

In addition, w e have selected tw o g roups o f

standa rd gases to determine the peak posi tions o f

separated gases. The content ( 10-6 ) of the fi rst

g roup is methane ( 990 ) , ethane ( 1000) , ethene

( 1000) , propane ( 1010) , propylene ( 1010 ) and

acety lene ( 100) , and the content (% ) of the second

g roup is methane ( 87. 86) , ethane ( 5. 20) , ethene

( 0. 45) , propane ( 3. 70) , propy lene ( 0. 31) , isobu-

tane ( 0. 63) , no rmal butane ( 1. 26 ) , i sopentane

( 0. 21) , no rmal pentane ( 0. 26) , hyxane ( 0. 18) .

The fi rst g roup is used to determine the peak posi-

tions of methane, ethane, ethene, propane, propy-

lene and acety lene, and the second g roup is used to

determine the peak po si tio ns o f isobutane, no rmal

butane, isopentane, normal pentane and hyxane.

As shown in Table 1, many kinds of light hy-

droca rbon such as methane ( CH4 ) , ethene ( C2 H4 ) ,

propane ( C3 H8 ) , propy lene ( C3 H6 ) , acetylene

( C2 H2 ) , isobutane ( i C4 ) , no rmal butane ( nC4 ) ,

isopentane ( iC5 ) , no rmal pentane ( nC5 ) a nd hyx-

ane ( C6 ) have been detected in vein minerals associ-

ated each o ther including quar tz, f luo ri te and w ol-

frami te.

We no tice tha t the content of methane is much

higher than oth er light hydroca rbon in the inclu-

sions of al l minerals, and that there are much more

methane in vein wo lf rami te and vein quar tz occur-

ring in the coal bed. In addition, there a re less

kinds of hydrocarbons in the f luid inclusions f rom

the vein quar tz occur ring in the coal bed. The dry-

w et ratio ( C1 /∑ ( C1-5 ) o f the ligh t hydrocarbon is

g rea ter than 0. 95 ( f rom 0. 972 to 0. 998) . It i s char-

acteristic of co al-gas.

Based on the geological fact of coal inclusions

associa ted wi th primary f luid inclusions along some

healing f ractures, w e consider that the light hydro-

ca rbon in f luid inclusions may deriv e f rom Late Tri-

assic coal bed during coal metamo rphism. It is v ery

dif ficult to determine how much light hydroca rbon

comes f rom magmatic thermal-contact metamor-

phism o r f rom biodeg ra tion and burial metamor-

phism.

3　 Discussion

The nature of metal-organic associations is o f-

ten unclea r. Organic mat ter can mobilize metals by

the fo rmation o f complex , or immobi li ze metals by

sorption o r precipi tation and can also af fect the oxi-

da tion potentia l and /o r pH o f o re solutions
[ 25]

. Par-

nell
[ 5]

also considered that meta ls may be taken up

o r reduced by organic materials f rom minerali zing

f luids in petro leum reserv oi rs and hydrothermal sy s-

tem. On one hand, the hydrocarbon-bea ring f luids

may have inf luenced the deposi tio n of metal and /o r

sulphides by reduction processes wh ere metal-bear-

ing and hydroca rbon-bearing fluids meet. On the

o ther hand, hydrocarbon may play a ro le in the

t ransport of metals through the fo rmation of

o rg anometallic complexes.

Table 1　Hydrocarbons of fluid inclusions in the Yaogangxian tungsten mine

N umber

o f Samples

Loca tion Height

(m )

Analy zed

minera l
CH4 C2 H4 C3 H8 C3 H6 C2 H2 iC4 nC4 i C5 nC5 C6 C1 /∑ C1-5

910802-4( 2) tung sten vein 707 qua rtz 8. 116 0. 132 0. 015 0. 274 0 0. 075 0. 028 0 0. 117 0. 084 0. 972

910802-1( 1) tung sten vein 905 wolf rami te 84. 654 0 0 0. 149 0 0. 076 0. 014 0. 044 0. 023 0. 01 0. 998

910802-3 tung sten vein 905 fluo ri te 10. 926 0. 132 0. 013 0. 269 0 0. 092 0. 012 0. 048 0. 127 0. 084 0. 974

910802-1( 3) tung sten vein 905 qua rtz 15. 472 0 0. 011 0. 077 0 0. 052 0. 01 0. 047 0. 061 0. 016 0. 988

910802-6 vein in coal　 1 300 qua rtz 61. 795 0 0 0. 102 0. 064 0 0. 232 0. 073 0 0 0. 995
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　　 Generally, ev idence fo r direct inv olvement o f

o rganic mat ter in metallic t ranspo rt and deposi tio n

is dif ficul t to identi fy. How ever, the hydro carbons

in fluid inclusions at the Yaogangxian mine suggest

a clear g enetic connection betw een the o rganics and

the tungsten minerali zation, namely , the deriv ed-

coal hydrocarbons may play a role in the t ranspo rt

o f tungsten instead of the deposi tio n of tung sten

during minerali zation. As mentioned above, Late

Triassic coal bed occurs wi thin the deposi t, 650 m

from the top of hidden g rani te body. Befo re pene-

trating into th e coal bed, a qua rtz v ein has a high

tung sten concentra tion, consisting of wo lf rami te,

f luorite and qua rtz. How ever, the same vein ex-

tending into the coal bed has no w o lframi te, only

consisting of pure quartz and pyrite. If o rganic mat-

ter in coal w ould be helpful to the deposition o f

tung sten, mo re tung sten-bea ring quartz v eins

should be found in the coal bed. Ev idently, coal is

no t a geochemical bar rier although i t is an important

source of hydroca rbons during tung sten minerali za-

tion. Since there is no tung sten concentration in the

hydrocarbon source a rea, i t can be considered tha t

hydrocarbon-bea ring f luids may only mobili ze tung-

sten during mig ra tion.
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物理学家的惶惑—— “终极” 理论

　　当众多科学爱好者静下心来聆听的时候 , 探索宇宙最深

奥秘的物理学家们把希望寄托于一项美丽炫目却又令人困惑

的发明。这一发明叫做超弦论。这项理论称 , 如果把成百上千

的亚原子粒子想象成为 10维空间中极其纤细的琴弦上所发

出的音符 , 那么 , 最终将会得到有关自然的最根本的解释。不

要在意宇宙看起来只是 4维 (包括时间 )空间的表象。据说其

余的 6个维随意地 “卷起” 成为虚无飘渺的小球 , 为人类的目

力和思维所不逮。

M理论

自从 60年代初悄然出现以来 , 这种理论几度沉浮。其中

有 80年代初的第一次 “超弦革命” , 以及 10多年后的第二次

革命。最近几个月里 ; 一大批新发现正在酝酿着一场被某些物

理学家兴奋地欢呼为第三次革命的突破 , 从而使得有那么一

天 , 所有的物理定律将会被置于同一个简洁的理论框架之下。

但是 , 使物理学家们在最近迸发出热情的这个课题已不

再叫做超弦论。如今 ,这种理论的名字已经改成了 M理论 , M

的含义是指 “魔术” ( Magic)、“神秘” ( Mystery )、“母亲” ( Mo th-

er ) —— 指该理论是所有理论之母 , 或者更直接地说 , 是指

“超” ( Meta)、 “矩阵” ( Matrix ) 或 “薄膜” ( Membrance)。因

为 , 在颤动的超弦之外 , 又增加了新的抽象存在。这些新的抽

象存在便是薄膜 , 或称 “膜” , 其维数最多可达 9维。

根据最近的一些思考 , 宇宙万物可能是由这些几乎无法

想象的物体结合而成的: 它们是上帝组装的产物。如果这种认

识正确的话 ,那么 ,物理学可能会比任何时候更接近于能够把

难以表述的量子引力理论付诸笔端 , 这一成就将能把量子力

学与广义相对论统一起来 , 并且以同样的说法来解释自然界

所有的作用力。

弦论物理学家的影响正在波及到其他的领域 , 例如宇宙

论领域。 哈佛大学物理学家安德鲁· 施特罗明格最近利用 M

理论进行跨越不同学科的研究 , 解决了一个涉及黑洞的问题。

解释引力

今年夏天的一个傍晚 , 在加州圣巴巴拉召开的超弦论学

术界年度盛会 “弦 98” 上 , 200多名物理学家和着西班牙热门

歌曲 《马卡雷纳》的节奏翩翩起舞 , 庆祝最新的研究进展。确

切他说 , 他们跳的是 《马卡雷纳》 的一个新版本 , 叫做 “马尔

达塞纳” , 是用任教于哈佛大学的阿根廷理论物理学家胡安·

马尔达塞纳的名字命名的 , 理论物理界最近的兴奋情绪正是

源于他所提出的新理论。

这里的信息可以归结为下面这句话: 物理学家拥有一个

非常成功的叫作量子场论的理论框架 , 可以对自然界 4种作

用力中的 3种作出描述。强作用力使原子核聚合在一起 ,弱作

用力支配核辐射过程 , 而电磁作用则把电和磁的作用结合在

一起。 这 3种作用力都可以描绘成是由量子所发射的场电磁作
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