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ABSTRACT 

A variety of hydrocarbons, C, - C,,, have been found 
in volcanic gases (fumarolic) and in geothermal waters 
and gases. The hydrocarbons are thought to have come 
from products of pyrolysis of kerogen in sedimentary 
rocks or they could be fed into the geothermal system 
by the recharging waters which may contain dissolved 
hydrocarbons or hydrocarbons extracted by the waters 
from the rocks. In the hot geothermal zone, 300°+ C, 
many of these hydrocarbons are in their critical state. It 
is thought that they move upwards due to buoyancy 
and flux up with the upflowing geothermal fluids in the 
upflow zones together with the magmatic gases. 
Permeability which could be provided by faults, 
fissures, mini and micro fractures are thought to 
provide pathways for the upward flux. A sensitive 
technique (Petrex) utilizing passive integrative 
adsorption of the hydrocarbons in  soil gas on activated 
charcoal followed by desorption and analysis of the 
hydrocarbons by direct introduction mass spectrometry 
allows mapping of the anomalous areas. 

Surveys for geothermal resources conducted in Japan 
and in  Indonesia show that the hydrocarbon anomaly 
occur over known fields and over areas strongly 
suspected of geothermal potential. The hydrocarbons 
found and identified were n-paraffins (C,-C,) and 
aromatics (C7-C8). Detection of permeable, i.e. active or 
open faults, parts of older faults which have been 
reactivated, e.g. by younger intersecting faults, and the 
area surrounding these faulted and permeable region is 
possible. The mechanism leading to the appearance of 
the hydrocarbon in the soil gas over upflow zones of 
the geothermal reservoir is proposed. The paraffins 
seems to be better pathfinders for the location of 
upflows than the aromatics. However the aromatics 
may, under certain circumstances, give better 
indications of the direction of the outflow of the 
geothermal system. It is thought that an upflow zone 
can be defined when conditions exist where the 
recharging waters containing the hydrocarbons feed 
into the geothermal kitchen. The existence of open and 
active faults, fissures, mini and micro fractures allow 
sufficient permeability for the gases to flux up and 
express themselves at the surface as hydrocarbon 
anomaly in the soil gas. When any of the requirements is 
absent, i.e. in the absence of the recharging waters, 

hydrocarbons, temperature, or permeability, no anomaly 
can be expected. It assumes a dynamic convective 
system, i.e. recharging waters, upflow and outflow. The 
anomalies however can define to a certain extent, 
regions of geothermal upflow, buoyant transport of 
gases, and frequently down-gradient of cooling waters. 

INTRODUCTION 

A new near-surface ,geochemical tehnique utilizing 
volatile hydrocarbon in soil gas ("Petrex Hydrocarbon 
Fingerprint") as pathfinders for geothermal resource 
surveys have been applied in Indonesia (Pudjianto, R. 
et al. 1995) and in Japan (Higashihara, M. et. al. 
1993a, b, c). A brief review of the occurances of 
hydrocarbons in volcanic areas and geothermal systems 
is summarized below and some of the more common 
hydrocarbons are tabulated in Tables l(1) and l(2). 

Hydrocarbons in volcanic and geothermal systems have 
been reported by various authors. Stoibers et al. (1971) 
reported numerous kinds of organic compounds: pairs of 
alkanedalkenes, aromatics, ketones, aldehydes, alcohols, 
methylacrolein and a variety of halogenated (fluorinated 
and chlorinated) compounds. The compounds are 
thought to be derived from the heating of sedimentary 
rocks by magma, while the halogenated organics were 
thought to be product of the reaction between the 
organics and that of HF, HCI or inorganic halides at high 
temperatures. Gunter ( 1978) reported normal alkanes 
(Cl-C4), isobutane, ethene and propene from 22 gas 
samples from Yellowstone National Park. The author 
concluded that the data supports the organic Sedimentary 
origin rather than from abiogenic derived sources. 

Nehring and Truesdell (1978) of the United States 
Geological Survey (USGS), Menlo Park, California 
analyzed gases of several volcanic and geothermal 
systems. The volcanic gases are characterized by the 
low content of the hydroc.arbons. Methane and alkanes 
(C, - C,) and their corresponding.alkenes and 2-butene 
were identified. Where sedimentary (and 
metamorphosed sedimentary) input is strongly 
suspected much higher concentrations and a wider 
variety of the hydrocarbons were found. Alkenes are 
absent but a variety of branched alkanes are present in 
large amounts. Benzene is usually found in larger 
concentrations than the C, alkanes. The methane was 
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Table 1. Summary of concentration of hydrocarbons in geothermal fluids (1). 
(Higashhq 19931) 

A r e a  U. S. A. u. s. A. U. S. A. U.S.A. U.S.A. U.S.A. U.S.A. U.S.A. U.S.A. U.S.A. Guatemala 
Yellowtone National Park Sreetrater Grand Teton The Steamboat Lassen Uorgan Uount St. Kilauea Santiaguito 

Uineral National Park Geysers Springs Volcanic Springs Hood Augustine Volcano Volcano 
Sprinas Nation. Park Volcano Volcano 

Hot Hot Hot Hot Hot H o t  H?t Hot Hot Well Hot Hot Hot Fumarole Fumarole Fumarole Fumarole 

819: f umaro 1 e? f umar o l  e? fumarole fmarole 
p o i n t  spring/ spring/ spring spring spring spring/ spring/ spring spring sprina spring spring? 

S t a t e  o f  Gas Gas 6 s  Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas 
s a m p  1 e 

a mp 

-------.- (unit) --.-.-.-----_-_-.-____________._________.-----.-.-- ppm,v/v mole ra t io  pp.-v/Y.-.-PB!!! ._._ D p m . s L  __._ ?!?%k!?!!?.Lk -.-_ E?!?.-!!!!! _-_- .- ._._*-_-_-_-.-.-_-_-._____.___ *-. -------.-------------------.-.---.- Ppm. v/v 
P a r a f f i n s  

690 630 2.700 4 187 1,970 A A A 
180 210 1,400 2.7 1.7 1,100 A A A A A A 
21 32 360 0. 6 0.4 10 A A A A A A 

Yethane 772.300 1 a’’ 

A a A A 

a A A 
B A  

n-Butane 1.6 0.00174 0 A 36 53 690 0.9 0.6 560 0 
i-Pentane A A 10 A 
n-Pentane A 30 A A A 
i-Hexane A 10 
n-Hexane A 0 10 A 
i-Hentane 
n-Heptane 
i-0ctane 
n-0ctane 
n-Nomne 

p3 n-Decane 

40.000 110.000 140.000 600 957,000 105.000 Q Q Q 0 Q 0 > 14 

8 A Ethane 28 0.01000 
Propane 3.2 0.00816 2 
i-Butane 0.5 0.00076 A 

A 

> A  

> Q  

> A  

P n-u?p_q,na 
oo c y  

i-s,,,,i-~~-.;,-;~-.-~-~-~-~-~-~-~-~-.-.-.-.-~-~-~-~-~-.-.-~-~-.-.---~-.-.-.-.-.---~-~-.-~-.-~-.-.-.-~-.-.-.-.-.---.------------------------------------------------------------------- 

A 
Cyclo entane 6 
cyc 1 oRexane 
Yetl~Ylcyclohexane 0 

Benzene 235 A A A A 
Toluene 
Ethylbenzene 
Xylene 
Ca (oIG?) -benzene 
Naphthalene 
Metliyl naph tha lene 
B_i @!jyJW!.!.-= 154.2 1 

A A A A A 
0 

Acetylene 0.8 A 

0 
A A Ethylene 0.3 0.00003 A A 2 19 20 
A A A A A 

A 
Propene A 
Butene a A Prntene 
Hrxene A 

A 
A Ilept ene 

Octene 

Total gas(exc1uding HzO) 
R e  f e r e n c e Gunter k Gunter Nehring b- do Kvenvolden do do do do Nehring Nehring a do 

-----------_---.-__________._____._.___.-----.-.-.-.-.-.-*-.---.-.-.---.---.-.-.-.---.---.-.-.---.-.---.---.-.-.-------.-~-.-----.---------------------.-------------------------.----------------- 
A r o m a  t i E s 

A 

...................................................................................................................................................................................... 

0.4 3.1 

U n s a t u r a t e d  h y d r o c a r b o n s  

3 
A 
A 

(%) 16” 9 5 J 99 99 15 
Total R gas 

do do do do Stoibrr 
e t  a l .  
(1971) (1931) Tiuesdell 

(1978) Uusgrave (1978) Truesdell e t  a l .  
(1971) (197s) ( 1989) 

Concelltiation = Iiydrocarbon/total R gas. 1) : @Peak lleigllt i l l  chromatogram/full scale response 256. 025-50%. A<i5% ; 2) : Gunter Musgl-a’.e(1966) 



Table 1. Summary of concentration of hydrocarbons in geothermal fluids (2). 
(Higuhihara, 19931) 

A r e a  Uexico Japan Japan Russia Russia Italy Italy 
Nasu Volcano Uatsukara South Kamchatka. South Kamchatka. 

Volcallo Lower Koshelevskii East Pauzhetskii 
Cerro Prieto Vulcano Larderel lo 

S a r n p l  i n g  Well Well Well Fumarole Well Well Fumarole Well Fumarole Fumarole Well Well Well Well Fumarole Fumarole 
p o i n t  340C 290% 100°C 276C 330°C lOOC 90-150°C 90-15Oc 240"C3' 220°C'' Ambient 5300°C 98°C 98°C 

S t o t e  o f  Gas Gas Cos Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gas Gnc Cac i n  
2.OM)m 2.000m 1,300m 2.OOOm 6OOm 1,OOOm 

n-Hexane 
i-Heptane 
n-Heptane 
i-0ctane 
n-0ctane 
n-Nonane 
n-Decnne 

Q 1 1 188,000 238.000 121.860 46.800 10.000 Uethane 25,000 50,000 2.000 34.000 42.000 87.000 
0.00160 0.00160 1.380 1,740 6,426 2,600 38 

tr. 0.00013 0.00011 76 117 2.458 778 13 
6 2 34 1 92 2 .5  A 

f 250 4.000 
Ethane 
Propane 

3 13 552 161 3.5 
i-Butane 6 550 

10 1,000 
2 252 4 A 106 35 1 

1 n-Pentane a 2 300 7 A 130 

n-Butane 
i-Pentane 

i-Hexane A A ( I  

3.500 15.000 45 1,000 310 
15 170 36 

;E } ~ O O  > 5 > tr. 0 >0.00017 > 0.00006 
f ? 

s 
A 

- 
A 

.. .a 

25 15 < I  

20 13 

16 9 

35 1 1.00; 

2? 300? SO? 

Benzene 
Toluene 
Ethylbenzene 
Xylene 
C 3  (OK,?) -benzene 
Naphthalene 
Uetliylnaphthalene 

2,000 6,000 900 100 97 
8 1.000 250 

8 1.560 
629 
26 
264 
84 
20 1 

2.028 
650 
39 
392 
45 
61 
<2 

54 
6 

> 1.5 
<1 

I 

Acetylene 
Ethylene 
Propene 
Butene 
Pentene 
Hexene 
Heptene 

0.05 2 9 
3 

22 
si1 5200 6 5  

? ? 

tr. 
tr. 
tr. 

0.00190 0.00038 4 

Octene 

Total gas (excluding 1120) 

R e  f e r e n c e Neliring & Nehring do do Des Yarais do Chaigneau Nehring & Asada & do Kiyosu do Porslinev P do do do 

(!b) 66 3 3 
Total H gas 

Truesdell et al. et al. b Conrad Truesdell Kiyosu et ai. Bondarev 
(1978) (1982) (1988) (1970) (1978) (1991) (1992) (1986) 

3) : Kiyosu(1983) ; 4) : concentration=hydrocarbon/total gas ; 5) : concentration=hydrocarbon/total dissolved gas 



observed to reach as high as 10-30% of the total gas 
found. Nehring and Fausto (1979) reported that the 
hydrocarbons found in the steam of both the hot-water 
domintated systems, in the Cerro Prieto (Mexico) and 
the Larderello (Italy), and the vapor dominated system 
of The Geysers (California, USA) closely resemble one 
another, and that the hydrocarbons could be derived 
from sedimentary rocks. The presence of C,-C, 
branched alkanes, the absence of alkenes and the 
variety of the hydrocarbons found are thought to be 
characteristic of sedimentary derived sources. 
Repeating earlier tests Nehring et al. (1982) found C,- 
C, alkanes, benzenes and toluene in the Cerro Prieto 
geothermal steam. The USGS group also reported the 
presence of C,-C, alkenes in the fumarole gas in the 
same area (Des Marais et al., 1982). 

Porshnev and Bondarev (1986) indentified 34 organic 
volatile compounds from samples taken from different 
geothermal fluids from the South Kamchatka area 
(formerly in the USSR). The samples were taken from 
two wells and a fumarole. They found methane, normal 
alkanes (C& ,), branched saturated alkanes (isobutane, 
iso-pentane, 2,2-dimethylpentane and hexane isomers), 
cyclic alkanes (cyclohexane and methylcyclohexane), 
monoaromatics (benzene, toluene, ethylbenzene, o,m,p- 
xylenes, propylbenzene and possibly also C,-benzenes), 
fused aromatics (naphthalenes, 1- and 2-methyl- 
naphthalene) and biphenyl. No alkenes were reported 
and the concentration of the aromatics by far outweighs 
the C, alkanes. Methane gas predominates and it 
constitutes over 90% of the total hydrocarbon gas found. 
Des Marais and Truesdell (1987) also reported methane 
and higher hydrocarbons in geothermal areas in the 
western North America. 

Giggenbach (1990) found between 20 to 51 ppm (vh)  
of ethylbenzene and xylenes wich is higher in 
concentration than. the toluene (3- 12 ppm), methane 
(200,000-27 1,000 ppm) and smaller amounts (lower 
than 1 ppm) of C2-C, alkanes and benzene from gas 
discharges in the Lake Nyos area, Cameroon. More 
recently Cappaccioni et al. (1993) reported a variety of 
hydrocarbons in volcanic gases. 

There is abundant evidence of hydrocarbons in 
geothermal and volcanic systems. The origins of the 
hydrocarbons are not completely clear and the reaction 
mechanisms that led to the generation of some of them 
are not understood. Sedimentary kerogens are 
suspected for most of the hydrocarbons found but it is 
not clear whether the conditions (hydrous or 
anhydrous, rock types and the higher temperatures) to 
which they are subjected would give the same 

mechanistic breakdown and products as those occuring 
in sedimentary basins where coal, bitumens, oil and 
natural gas are produced. Although aromatics are 
abundant in oil, alkenes are absent. The unsaturated 
compounds could be thought of as pyrolysis products 
of their saturated parent molecule and/or from the 
kerogen. It is quite common to find about equal amount 
of alkanelalkene pairs from laboratory anhydrous 
pyrolysis gas chromatography (pgc) of kerogen 
(Huizinga et al. 1987; Dernbicki, 1990). Hydrous 
pyrolysis (or pyrolysis in the presence of hydrogen 
donors, such as tetrahydronaphthalene or 
cyclohexadiene) of kerogen would only give alkanes. 
A review of the results of anhydrous and hydrous pgc 
has been summarized by Tannenbaum et al. (1986). 
The possibility of microbial oxidation of the alkanes to 
the corresponding l-alkenes can not entirely be 
discounted but it is unlikely they could be major 
contributor to the presence of the alkenes. Microbes 
have been associated with the generation of methane, 
ethane, ethene and propelene in marshes, refuse and 
garbage dumps (Rice and Claypool, 1981). But they are 
not known to produce higher alkenes in detectable 
amounts. Metabolic products of thermogenic microbes 
have not been studied in  detail in volcanic and 
geothermal systems. Therefore, if indeed higher 
members of the alkene series are fairly common in 
these systems (thus far reports of their existence have 
only been spotty and no real effort has been made to 
search for them) they might have been due to high 
temperatures and anhydrous conditions. The conditions 
can be mimicked and indeed the l-alkenes, along with 
their corresponding alkanes, can be generated in the 
laboratory by anhydrous pyrolysis of kerogen. 

Alkynes (e.g. acetylene) have been reported to be 
present in some geothermal and volcanic systems. 
Earlier workers (Craig, H. 1953; Ellis, A.J. 1957; 
Gunter, B.D. ahd Musgrave B.C. 1971; Krauskopf, 
K.B. 1959; Stoiber, R.E. et af. 1971; Welhan, J.A. 
1988) have proposed abiogenic generation of methane 
from hydrogen and sources of carbon under anhydrous 
as well as hydrous conditions. The methane could 
further react to form higher molecular weight 
hydrocarbons, though not as complex in their structure 
as hydrocarbon derived from sedimentary origins 
(Gordon, AS.  1948). It is clear that these abiogenic 
processes would be taking place in different 
environment and temperature regimes than processes 
occuring in sedimentary rocks where alkynes can also be 
produced by anhydrous thermal cracking of the kerogen. 

While the origins and mechanisms in the generation 
and formation of the hydrocarbons sin geothermal and 
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volcanic systems need to be studied further their 
widespread occurances have been recognized. 

A near-surface geochemical method based on the 
integrative adsorptive collection of hydrocarbon in soil 
gas on activated charcoal was introduced about a 
decade ago. The hydrocarbons collected were analyzed 
by Mass Spectrometry (MS). The MS spectral results 
followed bv statistical processing are able to identify 
the types of hydrocarbons that are useful as pathfinders 
for geothermal surveys. Higashihara (1993a,b,c) 
suggested that hydrocarbons carried by recharge waters 
into geothermal hot zones (roughly 250 - 350' C) are 
pyrolized into smaller molecules and vaporized. Some 
of the molecules, C,-C, , paraffins, xylene/ethylbenzene 
and toluene aromatics, have been detected in the soil 
gas and used as pathfinders for geothermal resource 
exploration. At geothermal temperatures most of the 
molecules are in or near their critical state. The 
mechanism and transport of the molecules to the 
surface is not clear. It is thought that the vapors form 
micro bubbles in the predominantly hydrous 
environment. A constant flux of the hydrocarbon 
bubbles, driven by buoyancy and with the geothermal 
upflow system move up towards the surface through 
permeable rocks and micro fractures. 

The method, known initially as the "K-V" technique, 
was originally developed for hydrocarbon exploration 
by Colorado School of Mines' professors, Klusman and 
Voorhees (1983). The technique, now known as Petrex 
(Petroleum Exploration) Fingerprint Technology, was 
first applied to faulUfracture detection and geothermal 
exploration by Sakai (1986, 1987). It was also reported 
at The Pacific Rim Congress 87 (Villenave, J.H. et al. 
1987). Since 1987 it has been regularly applied in 
Japan by Mindeco (the Mitsui group). The technique 
seems to be increasingly accepted (Shigeno, H. 1991) 
because of its predictive value. Higashihara (1993 
a,b,c) proposes that the saturated hydrocarbons 
anomaly detected by the Petrex Fingerprint method is 
an expression of the deep geothermal upflow whose 
"focus" is generally vertically below. The method 
seems not to suffer from as many interferences as other 
surface geochemical methods have. While the method 
can be used as a stand alone survey, its value is the 
supportive evidence it lends to other geophysical and 
geological knowledge of the area. 

METHODOLOGY 
The method and techniques have been described 
elsewhere (Pudjianto, R. et al. 1995). Basically the 
method involves the integrative adsorption (collection) 
of hydrocarbons in the soil gas on activated charcoal 

which has been glued to a wire. The wire is inserted in 
a glass test tube (6" x 1" OD) and buried about 40 cm 
in the ground with the open end of the tube 
downwards. The buried collector is retrieved after 
about 4 weeks. Through diffusion the hydrocarbons 
are being integratively collected (adsorbed). The 
assumption is that the collected hydrocarbons reflects 
the strength of the hydrocarbons fluxing from depth. It 
is also assumed that the collection (adsorption) is not 
interfered by irreversible deactivation of the active sites 
of the charcoal during the collection or substitution 
processes of the adsorbed molecules. Substitution may 
be unlikely because of the low concentration of the 
hydrocarbons in soil gas in volcanic areas. 

RESULTS, REVIEW AND DISCUSSION 
The Dieng Geothermal Survey. 
The Petrex Fingerprint survey was tested in the Dieng 
Geothermal Field, Indonesia. Hydrocarbon anomalies 
were found to occur around well locations with 3 MWe 
capacity and higher. The anomalies were determined 
according to the technique described elsewhere 
(Pudjianto, R. et af. 1995). A model for hydrothermal 
convection and buoyant transport of oversaturated 
gases has been proposed and is shown in Figure 1 .  

The Okuaizu and Sumikawa Geothermal Surveys. 
The Okuaizu geothermal field in Japan has been 
studied in some detail (Seki, Y. 1991; Nitta, T. et al. 
1988). Thirty nine wells have been drilled through 
1991. Well data, including the sub-surface temperature 
profile of the area have been most valuable in 
modelling the Okuaizu geothermal field (Figures 2 and 
5). Table 2 shows the prese;ce of the monoterpenes in 
factor 1, the alkanes in factor 2. The aromatics (C,) are 
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identified in factor 6. An excellent agreement in 
identifying the productive zones using the Petrex 
Fingerprint technique can be seen from Figures 3a and 
4a. Figures 3 and 4 show breaks of the probability 
plots and where ranges of concentration anomalies of 
the hydrocarbons were determined. It is thought that 
the location of the upflow is located below the surface 
(hydrocarbon) anomaly. The Okuaizu geothermal field 
is controlled by the Chinoikezawa, Sarukurazwa and 
Oizawa parallel fault systems striking NW. The 
temperature profile, which is largely governed by 
hydrodynamics, shows skewing to the NE towards the 
Oizawa fault (hot water is thought to be leaking from 
the reservoir and flowing with the shallow ground 
water towards the Oizawa fault). The interplay of deep 
hot temperature and hydrodynamics, which could be 
governed by the nature of the permeability (faults and 
fractures), the location of the upflow zone and the 
shallow groundwater could influence the “epicenter” of 
the hydrocarbon anomaly at the surface. However the 
sub-surface location (focus) of the upflow seems to be 
dominant factor in the location of the surface 
(epicenter) anomaly (Higashihara, M. 1993a,b,c). 
Recent Petrex surveys with closer sample spacing were 
successfully identified in greater detail of the geothermal 
resources of the area (Higashihara, M. 1993 a,b,c). 

The Sumikawa Geothermal Area The Petrex 
Fingerprint techniqure has also been applied to the 
Sumikawa area (Higashihara, M. and Fukuda, M. 1992; 
Noda, T., et al. 1992) and it produces results 
confirming the existing well data. Figures 6 and 7 
show probability plots and inflection breaks at which 
anomaly ranges 
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Shibata, K., et al. 1990). In the Onikobe Okunoin 
geothermal area the technique has been used and results 
reported by Suzuki, T., Abe, M. and Higashihara, M. 
(1 989). Three large hydrothermally altered zones 
(Katayama, Okunoin and Arayu) were found in and 
near the area. Two faults were identified from previous 
shallow seismic reflection (Mini-Sosie) survey. The 
result of the Fingerprint survey showed clustering into 
3 groups acoording to the strength of the hydrocarbon 
flux: high hydrocarbon emission, background and low 
emission clusters. The high emission clusters are 
anomalies characteristic of faults because of the 
characteristically high molecular weight compounds 
found. The low emission anomalies are anomalously 
low compared to background. The low emission 
clusters are thought to reflect faults and fractures that 
have been hydrothermally altered and sealed. It was 
observed that the low emission clusters are usually 
sandwiched between the high ones. It was therefore 
thought that the sealed faults area are flanked by 
permeable and highly hydrocarbon emitting faults. It is 
interesting to note that the technique seems not only 
able to suggest open and active faulted areas but also 
sealed faults, fractures and highly impermeable areas. 
The surface width of the hydrocarbon fingerprint 

9 9 . 9 1  

95 Cases 
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MI 06(lon counts) 

Flgure 7. Probabllh, plot of mIzlO6 (C. orornatlcr) flux In the Sumlb 
geothefmal areo. 
p l l p o r h a o d m  19921 

surface expression of faults is generally about 10-20 m. 
Close sample gridding is necessary in order to 
successfully detect (open or sealed) faults. 

SUMMARY AND CONCLUSIONS 
Hydrocarbon anomalies were detected in the soil gas 
over known geothermal areas. Repeated Petrex 
Fingerprint surveys have been done in Japan and the 
result were stable (Higashihara, private comm). The 
anomalies seem to be over producing geothermal wells 
and fields both in Japan and in Indonesia. Because 
geothermal production is usually located over the 
upflow portion of a convective geothermal system, it is 
proposed that the hydrocarbon anomalies at the surface 
are expressing the deep upflow. The hydrocarbons 
identified were aromatics, paraffins and monoterpenes. 
The paraffins show tighter anomalous zones than the 
more dispersed aromatics. It was observed that in some 
cases the dispersions tend to have direction and they 
tend to shift to lower elevation when compared to the 
paraffin anomaly. Assuming the sub-surface hydrology 
to be influenced by the present-day topography the 
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F!gure 70. Dlslrlbutlon of mhlO6 (c, oromoncr) fb h me Sumaowo 
qeothermol area. 

explanation of the shift could be the solubility of the 
aromatics. The solubility of aromatics are a few orders 
of magnitude greater than their corresponding (normal) 
paraffins. The cooling and outflowing waters and the 
shallower sub-surface waters could carry and disperse 
relatively more of the aromatics than the paraffins. 
Paraffins are also more volatile than their 
corresponding aromatic compounds. Paraffins tend to 
be buoyed up at a faster rate than the aromatics. 
Therefore the more diffuse aromatic anomaly resulted 
and the aromatic anomaly may indicate the outflow of 
the system or the groundwater flow. 

Monoterpenes have been found not to be a consistent 
pathfinder for geothermal upflow systems. Only in the 
Sumikawa area have their anomalies been associated 
with the geothermal field. Monoterpenes in soil gas, 
however, increased in a significant way in areas of re- 
injection (Higashihara, private comm). The re-injected 
water may be acquiring and being charged with 
monoterpenes at the surface and re-injection causes 
them to find their way in the soil gas. Or, it may be 
that an increase in pressure after re-injection causes the 
increase. The question of the increase will be a future 
topic of a tracer study. Selected hydrocarbons may be 

suitable for use as tracers and they may be useful in the 
study of the origins of the hydrocarbons and the 
mechanism of the geothermal closed cycle or 
discharge outflow systems. 

It is suspected that the source of the hydrocarbons may 
be from surface waters carried downward into the 
convective geothermal system. Additional sedimentary- 
derived hydrocarbons may be added in the zones of 
increasing temperature. Thus a dynamic system of 
recharging inflow of water containing the 
hydrocarbons, upflow and outflow can be envisioned. 

Des Marais et al. (1988) suggests kinetic reasons for 
the excess hydrocarbons in fluids of the Cerro Prieto 
geothermal reservoir. The excess has been calculated to 
be several orders of magnitude larger than at 
thermodynamic equilibrium. It is reasonable to assume 
that the reason could be the (kinetic) addition of the 
hydrocarbons into the Cerro Prieto pool of fluids 
(assumed to be between 227-427' C) by the recharging 
or mixing of the incoming waters which have extracted 
hydrocarbons from the surrounding sedimentary rocks. 
Thus a dynamic system (not a system at equilibrium) is 
thought to explain the excess hydrocarbons. 

The hydrocarbons over geothermal areas could be 
thought of as being brought about because of a system 
of inflow, upflow and outflow where above the hot 
upflow zones the hydrocarbons are being carried up by 
the ascending geothermal and magmatic fluids. 
Because of bouyancy they can express themselves as 
hydrocarbon anomalies in the soil gas if there is enough 
permeability in the overlaying rocks. The technique has 
been proven to be able to detect permeable and active 
open fracture systems from those that are sealed. 
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