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Coal-derived Hydrocarbons in Metallic Ore Deposits
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Abstract Gas chromatographic data show that there are several species of hydrocarbons such

as methane, ethene, propane, propylene, acetylene, isobutane, normal butane, isopentane,

normal pentane and hyxane in primary aqueousinclusions. The dry-wet ratio of light hydrocar-

bonis very high (0.972- 0. 998) which is characteristic of coal-type gas. It can be considered

that the light hydrocarbon in the fluid inclusions associating with coal inclusions along some

healing fractures may derive from coal instead of petroleum during coalification.
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It is widely documented that concentrations of
metal may be associated with diverse organic materi—
als, from living plants and animals through organic-
rich sediments to crude oil, solid bitumen/pyrobitu-
men, and coal. The significance of organic matterin
mineralizing processes has been the subject of sever—
al special publications[l~ o, Henley D. et al. L Bur—
russ R. C. ,|71 Rowan E L et al.® and Hu M. et
al. " discovered various co mplex hydrocarbon in flu-
id inclusions in some metallic ore deposits such as
gold, tin and lead—znc deposits. Kvenvolden Keith
A. etal." began to notice the relationship between
petroleum and polymetallic sulfide in sediment from
Gorda Ridge. Goldberg losif S. et al M2 s tudied
the genesis of ore concentration in heavy oil and bi-
tumens as well as the metallogenetic problem of
heavy oils, natural bitumens and oil shales. Parnell

14 . . .
Jonn et al.'" determined the hydrocarbon migration
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into a bitumen-bearing ore deposit during petroleum
evolution by means of Pb—Pb dating. According to
the fluid inclusion evidence, Burruss R. C."!' con—
sidered that there would be oil-water interaction in
the ore deposits. In addition, Lu G. et al. ™! dis—
covered and studied the genetic link between the
gold-mercury mineralization and petroleum in the
Danzhai mine, Guizhou, China. Based on the organ—
ic geochemical data from the bitumens in the metal-
lic deposits, Quirk D. G. et al " and Wilson N.
S. F."" also considered that the hydrothermal
petroleum might be associated with mineralization.
In 1989, Ting F. T. C. et al. "1 hoticed that
there would be a spatial relationship between coal
metamorphism and gold—copper mineralization in the
Chinkuashih district, Taiwan. Chen R. et al.!'*"
also discovered and studied in detail the spatial and
genetic relationship between hydrothermally meta—
morphosed coals and endogenetic metallic deposits
(Hg, Sb, Pb, Zn, Cu, Au, Ag etc.) in Hunan-
Dv orni kov

Guangxi-Guangdong Provinces, China.
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A. G B investigated some patterns of the distribu—
tion of cinnabar in coal measures of the Donbas,
Russia. Since 1992, more and more people have
been interested in the relationship between coals and
metallic ore deposits. 2224

Generally, the coals relative to the endogenetic
ore deposits may be hydrothermally or magmatically
metamorphosed coals, whose metamorphic ranks
range from lean coal to superanthracite. It is very
possible that derived—coal hydrocarbons would be
carried into some hydrothermal systems during coal
metamorphism or metallic mineralization. In order
to determine organic matter in deposits, we ana-—
lyzed light hydrocarbon of fluid inclusions in miner—
als from the Yaogangxian tungsten deposit, Hunan

province, China.
1 Geologic Setting

The Yaogangxian area, Yizhang county, Hu-
nan province, China, occursin the Early Yanshani-
an granitoid suite, consisting of many exposed or
hidden smallscale bodies and dykes. The Early
Yanshanian ( 169-178 Ma, K-Ar dating) granite, as
a principal igneous rock type, is regarded as an ore—
forming parent rock at the Yaogangxian mine.
Mostly, the granitic body is hidden, and the ex-
posed areais only 1. 2km’. There are several large—
scale tungsten, tin, lead—znc ore deposits within
the granitoid suite.

The wall rocks from Sinician to Triassic can be
intruded by the above-mentioned granitoid suite.
The Caledonian layer ( Sinician to Silurian) is dis—
tributed in the deep basement and to the east of the
area- It is composed mainly of epimetamorphic
quartz sandstone, slate and silicalite, locally imbed-
ding limestone and dolomitite. The Indosinian layer
(Devonian to Middle Triassic) is majorly distributed
to the west of the area, consisting of sandstone,
limestone, marl, dolomite, dolomitic limestone, sil—
icalite, locally imbedding coal bed in the Early Car-
boniferous. Late Triassic occurs along the faulted
basin nearby the Yaoganxian deposit, consisting of
quartz sandstone and feldspar quartz sandstone, lo—
cally imbedding coal bed. In the northeast-south-
west-trending wall rocks, locally there are many
kinds of hydrothermal alteration such as sericitiza—-
chloritization, pyritization

tion, greisenization,

etc. , being resulted from hydrothermal fluids rela-
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tive to granitoid evolution.

The Yaoganxian tungsten deposit lies within
the top belt of partly hidden granite of Early Yan-—
shanian. It occurs in granites, pegmatites, skarns,
as well as sandstones and epimetamorphic rocks in-
truded by the hidden granite body. The depth of
mineralized rocks is from 600 m to 1400 m at above-
sea level. Granites pegmatite— and greisen-type
wolframite deposits, occurring in the upper granite
body, are closely related to granite magmatism and
autumetamorphism. Skarnoid scheelite deposit, ly-
ing out of the contact zone, is resulted from the in-
teraction between Devonian limestone and the hy-
drothermal fluid relative to granite magma. Stock-—
work sandstone-ty pe scheelite deposit, found in De—
vonian sandstone, is ascribed to the metasomasis
and filling of hydrothermal fluid. However, quartz—
vein—type wolframite deposit, a principal deposit
type,
rocks,

occurs in the Cambrian epimetamorphic
Devonian sandstone and Late Triassic sedi—
mentary rocks, including coal bed. Tungsten miner—
alization is associated with the veins composed pre—
dominantly of quartz, fluorite, sericite, muscovite,
pyrite and topaz The veins were formed by the
open-space filling of hydrothermal fluid.

A small-scale coal bed of Late Triassic occurs
within the deposit, 650 m from the top of hidden
granite body. The coal bed strikes northeastsouth-
west and dips to the northwest at 7~ 15'; its aver—
age thickness is about 0. 5 m. The coal bed can be
traced for more than 500 m along strike and
downdip. It is estimated that there would be about

80 000 tons of coal reserves.

2 Analytic Method and Results

In order to determine the types of organic mat—
terin fluid inclusions, the authors analyzed the light
hydrocarbon of fluid inclusions in quartz, fluorite
and wolframite from the hydrothermal veins in the
Yaogangxian tungsten deposit by means of gas chro-
matography. After doing many tests, we have
gained the following gas chromatographic conditions
which can completely separate the light hydrocar—
bon.

(1) Chromatographic column A quartz glass
capillary column, 50 m< 0. 53 mm, with an internal
covering of AbOs /KCl

(2) Detector  FID
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(3) Temperature of chromatographic column
When the temperature of chromatographic column
increases, itis not good for the separation of G —Ca.
However, the lower temperature of chro-
matographic column will influence the stability of
gas separation. It is appropriate to select a chro—
matographic column of 40C at a carrier flow rate of
6. 4 mL/min until a peak of ethene occuring at a po—
sition for 80 seconds or so. And then, the temper—
arure of chromatographic column will increase at a

rate of 30C /min until 150C.
(4) Carrier

quality hydrogen generator.

Hydrogen ( H), given by a high-
Its flow rate is 6.4

m L/min, and its ratio of partial flow is 4.5 mL/

min.
(5) Temperature of feeder  150C
(6) Temperature of detector  250C
(7) Flow rateof air 6. 00 mL/min

In addition, we have selected two groups of
standard gases to determine the peak positions of
separated gases. The content (10°) of the first
group is methane (990), ethane (1000), ethene
(1000), propane (1010), propylene ( 1010) and
acetylene (100), and the content (% ) of the second
group is methane (87 86), ethane (5.20), ethene
(0.45), propane (3. 70), propylene (0. 31), isobu-
tane (0.63), normmal butane ( 1.26), isopentane
(0.21), normal pentane (0.26), hyxane (0. 18).
The first group is used to determine the peak posi—
tions of methane, ethane, ethene, propane, propy-
lene and acetylene, and the second group is used to
determine the peak positions of isobutane, normal
butane, isopentane, normal pentane and hyxane.

As shown in Table 1, many kinds of light hy-
drocarbon such as methane (CH:), ethene (C2H:),
propane ( G s ), propylene ( C3Fb), acetylene
(G H), isobutane (iCt), normal butane (nCs),
isopentane ( iCs), normal pentane (7C) and hyx-
ane ( () have been detected in vein minerals associ—
Table 1

ated each other including quartz, fluorite and wol-
framite.

We notice that the content of methane is much
higher than other light hydrocarbon in the inclu-
sions of all minerals, and that there are much more
methane in vein wolframite and vein quartz occur—
ring in the coal bed. In addition, there are less
kinds of hydrocarbons in the fluid inclusions from

the vein quartz occurring in the coal bed. The dry-

wet ratio (Ci E (Cis) of the light hydrocarbon is
greater than 0. 95 (from 0. 972 to 0. 998). Itis char-
acteristic of coal-gas.

Based on the geological fact of coal inclusions
associated with primary fluid inclusions along some
healing fractures, we consider that the light hydro-
catbon in fluid inclusions may derive from Late Tri-
assic coal bed during coal metamorphism. It is very
difficult to determine how much light hydrocarbon
comes from magmatic thermal—ontact metamor—
phism or from biodegration and burial metamor-

phism.
3 Discussion

The nature of metal-organic associations is of-
ten unclear. Organic matter can mobilize metals by
the formation of complex, or immobilize metals by
sorption or precipitation and can also affect the oxi—

Par—

nell” also considered that metals may be taken up

. . .2
dation potential and for pH of ore solutions' >,

or reduced by organic materials from mineralizing
fluids in petroleum reservoirs and hydrothermal sys—
tem. On one hand, the hydrocarbon-bearing fluids
may have influenced the deposition of metal and/or
sulphides by reduction processes where metal-bear—
On the
other hand, hydrocarbon may play a rle in the
through

organometallic com plexes.

ing and hydrocarbon-bearing fluids meet.

transport of metals the formation of

Hydrocarbons of fluid incdusions in the Yaogangxian tungsten mine

ff‘"s';::;les Location H(“r‘j;” Am"l‘:z:ﬁ] CH  GH Gl Gl Gl i nG G nG G 24 G
9108024(2)  tungsten vein 107  quartz §116 0.132 0015 0274 0 0.075 0.028 0 0.117 0084 0.972
910802-1(1)  tungsten vein %05  wolframite 84.654 0 0 0.149 0 0.076 0.014 0.044 0023 001 0. 998
9108023 tngsten vein 905 fluorite 10,926 0132 0.013 0,269 0 0.092 0,012 0048 0127 0084 0.974
910802-1(3)  tungsten vein 05 qurtz 15472 0 0.011 0.077 0 0.052 0.0l 0047 006 0016 0.988
910802-6 vénincoal 1300 qary 61795 0 0 0102 0.064 0 0.232 0.073 0 0 0.995
JEAE 19985 11A H SEE 48 243



Generally, evidence for direct involvement of
organic matter in metallic transport and deposition
is difficult to identify. However, the hydrocarbons
in fluid inclusions at the Yaogangxian mine suggest
a clear genetic connection between the organics and
the tungsten mineralization, namely, the derived-
coal hydrocarbons may play a role in the transport
of tungsten instead of the deposition of tungsten
during mineralization. As mentioned above, Late
Triassic coal bed occurs within the deposit, 650 m
from the top of hidden granite body. Before pene—
trating into the coal bed, a quartz vein has a high
tungsten concentration, consisting of wolframite,
fluorite and quartz However, the same vein ex—
tending into the coal bed has no wolframite, only
consisting of pure quartz and pyrite. If organic mat-
ter in coal would be helpful to the deposition of
veins

tungsten, tungsten-bearing quartz

should be found in the coal bed. Evidently, coal is

more

not a geochemical barrier although it is animportant
source of hydrocarbons during tungsten mineraliza—
tion. Since there is no tungsten concentration in the
hydrocarbon source area, it can be considered that
hydrocarbon-bearing fluids may only mobilize tung—

sten during migration
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