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Introduction | Dnlling provides access to the interior of the continental crust, allowing

:the direct observation of aetwe processes md the collection of relatively undisturbed

samples of the matenals resulting from those processes Unforttmately. the drilthole is
myopte. and these observatlons and samples are valuable only if they can be viewed in
context and promde msrghts into more general applieatwns In this paper we deseribe the
results of CSDP actxvmes in the Sa.lton Sea Geothermal Field (SSGF). concentrating on a
sha.llow heat—ﬂow survey. but also cons1dering prelimina.ry results from the Salton Sea
Screntxfic Drilhng Program (SSSDP) These stud1es are provzdmg significant insights into
the nature of this specific hydrothermal system By examining the thermal budget for the
hydmthermal system, we argue that these studies are also telling a great deal about the

_nature of the rifting of the eontinental emst by oblique Sprea.d:mg throughout the Salton

Trough.

,Salton Trogm Models The Salton Trough is a large sedunent—filled rift valley that
~ represents a zone of tectomc trans1tion between the oceanic—style ndge-transform
acti\nties of. the Gulf of Cah.forxﬁa to the southeast a.nd the Sa.n Andreas continental

transform fault system to the northwest ‘Authors with differing interests perceive that

this spreading is occurring on different seales. as is indicated by Figure 1 from -

o 'Lachenbrueh. et al, 19851 'Here, the thermal zones, perceived by ma.ny as the locus of
: _.spreadmg are shovm as less than 10 km in extent (Elders. et al, 1972) ~The zones of

1. Lachenbruch, A 'H.‘. J H Sass and S. P. .Gela.nis.'.lr.'. Heat flow in southern—rnost

" California and the origin of the Salton Trough, J. Geophys. Res. 90, 6709-6736, 1985.

2. Elders, W, A., R. W. Rex, T. Merdav. P. T. Robinson and S. Biehler, Crustal spreading
msouthern Cahforma. Science 178, 15-24, 1972 o
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seismicity suggest that a larger area, perhaps 30 km long, is deforming (Fuis, et al,
1982)3. Finally, regional tectonic modeling by Lachenbruch, et al, 1985, requires basalt
intrusion into a diffuse zone of deformation 150 km long.

The heat flow data suggest that the localized areas are of limited importance.
Figure 2 shows a histogram of the heat-flow values averaged over S km x S km regions
used by Lachenbruch, et al, 1985' in a tectonic model for crustal rifting in the Salton
Trough. Ten percent of the zones are geothermal fields with anomalously high heat flow,
but they contribute only 25% of the total heat flow in the valley. The local systems
provide a relatively small portion of the total heat flux of the valley. Does this mean that
they contribute only a relatively insignificant amount to the rifting processes? Do we
need to requife basalt intrusion over a2 much wider area at this time, or is it possible that
| all the sptea‘,dvin.g takes place at hot spots, which must have migrated throughout the wider
swath during the last 4 million years? Several lines of evidence could be studied to
answer this question: thermal, chemical, mechanical or petrological. In this paper we
choose to examine whether the heat input rate to these localized systems is high enough
to account for the overall thermal budget of the Salton Trough, and indicate how the
CSDP activities are contributing to understanding the thermal budget.

In order to assert that the local zones are indeed the locus of all the spreading at this
time, we need to assume that there is no anomalous heat transport into the other areas
throughout the Trough, which must be cooling off. To maintain the observed average rate
of heat influx, which is required to keep the Salton Trough near sea level (Lachenbruch, et
al, 1985)1, the heat input rate to the hydrothermal systems must be larger than the heat
flow out, by a factor of four or more. Thus, by examining the ratio of heat flux out to
heat accumulation rate, we can test whether it is possible that all the spreading takes
place at these zones.

The hydrothermal system and young volcanoes at the SSGF have been studied by a
variety of techniques but temperature profiles in deep and shallow wells have, to date,
provided the most useful information about the circulation patterns in system. Our
previous studies of the SSGF led to the development of a simple conceptual model of the

3. Fuis, G. S., W. D. Mooney, J. H. Healy, G. A. McMeehan, and W. J. Lutter, Crustal
structure of the Imperial Valley region, U. S. Geol. Surv. Prof. Pap. 1254, 25-49, 1982.
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flow in the sampled portions of this field (Kasameyer, et al, 1984) A recent

e-examination of this model shows that, to fit the observations from the SSGF, the rate
of heat input into the system by advection to the rate of heat flux fromvthe top of the
system by conduction is somewhere between 2.8 and 10. If this model is valid, and if the
same ratio applies to all the other fields, then the heat influx rate for these fields is large
enough to account for the steady-state heat flux from the Salton Trough.

Several factors were unknown when we published the model for the SSGF.. Thermal
gradients were measured only in part of the anomaly, and none of the l'ngh heat-flow
contours were closed. All drillholes encountered monotonically increasing temperatures,
so the thickness of the zone of outward migration was unknown. The details of the
thermal structure near the ‘edge of the high gradient zone were unknown. Finally, the
applicability of this approach to other fields in the Salton Trough remains untested. All of

these factors affect the thermal budget and :therefore bear on the question of the

app]ication of studies of the SSGF to the problem of regional tectonics. Recent CSDP
expemnents have answered some of these questions.

Continental Scientiﬁc Drilling Activities at the Salton Sea Geothermal Field The
LLNL—Sandm thermal grad:ent survey supported by DOE-OBES, completes the coverage
of the top of the hydrothermal system at the SSGF, defining its shape and lateral extent.
In November and December, 1985, nineteen holes were drilled 80 m below lake level

offfshore in the region north of the volcamc domes along the southern shore of the Salton
'Sea, '(Fxgure 3).. The holes were drilled using a truck-mounted rig set on a floating barge,
‘cased with one inch diameter PVC pipe, sealed against infiltration of formation fluids and

_'filled W1th water Temperatures were logged penod1ca11y in each hole until three months

a.fter dnllin.g to ensure that temperatm'es had reached equilibrium. Short (1 m) cores
were obtained from ‘the bottom of four holes, and cuttings were collected every three

meters when possible. Thermal conductivities are being measured on-a number of core

and cutting samples that represent the range of formation lithologies encountered. With

4. Kasameyer, P. W., L. W. Younker, and J. M. Hanson, Development and application of

a hydrothermal model for the Salton Sea geothermal field, Geol. Soc Am. Bull, 95,
1242-1252, 1984. ‘

5. Newmark, R. L., P. W. Kasameyer, L. W. Yomker.:andP C. Lysne, Research drilling
at the Salton Sea Geothermal Field, Califomia. The Shallow Thermal Gradient °

Project, EOS, in press, 1986.
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one exception, all holes show uniformly increasing temperatures with depth, indicating
that, as expected, conduction dominates in the cap of the field. Bottom-hole
temperatures range from about 27°C to above 90°C. Thermal gradients over the lower
46m rahse from about .09°C/m to over .92°C/m. Thermal conductivities measured on
samples within hours after drilling range from about .4 W/mK to over 1.3 W/mK. '

Although the data are still being collected, the shape of the system, as reflected in
the 0.3 °C/m contour, can be seen on the preliminary thermal gradient map (Figure 3).
There is a pronounced asymmetry of the high gradient zone relative to the chain of
volcanic buttes. The thermal anomaly extends only a short distance offshore, primarily in
the northern and southern edges of the field. The northwestern boundary of the field
follows an arcuate pattern roughly coincident with the pattern of the buttes and markedly
contrasting with the shape of the southeastern boundary of the ﬁeld. Finally, the
northeastern part of the field is broader than the field to the southwest, and the high
temperature region in the south extends significantly beyond the onshore inagnetic
anomaly, in contrast to the northern region where the magnetic anomaly and thermal
anomaly appear to be closely correlated.

The SSSDP deep hole is contributing important information to the definition of the
thermal budget for the circulating hydrothermal system, in addition to providing the
opportunity for extensive sampling and other studies. Temperature results reported to
dat36 are not surprising. The gradient in the upper part of the hole is slightly lower than
the center of the field, comparable to that seen at River Ranch No. 1, indicating that we
are getting significant information about the outside edge of the central anomaly. There
is no published indication that the bottom of the convecting system has been detected as
of yet. Equilibrium thermal information from this drillhole currently being collected will
provide valuable constraints on the temperature structure within the circulating system,

' as well as extending its known depth. Both parameters will be used to relate the heat

input rate to the surface heat flux.

The total area and heat flux coming from the field, the thickness of the circulating
zone, and the abruptness.of the transition from high to low gradients are the principal
data constraining the rate of heat influx into the SSGF. The results from these

6. Salton Sea Scientific Drilling Progress Monitor, Issue No. 3, U.S. DOE, 1986.
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eicperimexits will feed back into thermal models and lead to conclusions about the thermal
budget for this field, and about the importance of the local hot-spots in crustal rifting. If
we become cormnced that all the spreading takes place at hot-spots, then the chemical
and petrologic studaes at the SSGF provide insight, not only into hydrothermal alteration

in geothermal systems. but also to the manufacture of new continental crust by the
interaction of energy and materials from the mantle with continental sediments.

Future Drilling Investigations in the Salton Troﬁgt_l. There are many possibilities in the
Salton Trough for future CSDP activities designed to understami_ the regional thermal and

tectonic processes. The highest priority in this regard is to obtain deep temperature data
which bear on the relationship between the thermal structure of the localized geothermal
anomalies and the regional thermal regime. The present SSSDP hole reached
approximately 10.500 feet, and a proposal has been sent to DOE to deepen it to 14,000
feet. A simple argument indicates that the proposed deepening is likely to reach the -
bottom of the well-studied hydrotherrnal circulation zone, providing a solid constraint on
the thermal budget. The central temperature of the hydrothermal ‘system is
approximately 350 °C. A drill hole to the depth where that temperature would be
produced by the normal conductive gradient would reach the bottom of the thermal
anomaly. For the regional Salton Trough gradient of .075 °C/m, we expect 350 °C at
about 14,000 feet. For the slightly elevated gradient observed surrounding the SSGF, .11
°C/m, 350 °C is encountered at about 10,000 feet. We anticipate a high probability of the
thermal regime changing from nearly isothermal as one or the other of these depths is
approached, and the nature of that ch)aixge will indicate the total thickness of the
_hydrothermal system, or its conmection to a deeper and perhaps more widespread one.

In addmon to the already proposed deepemng of the SSSDP hole, there are many
other ‘ideas that, if analyzed and Justified might make attractive CSDP projects in the
Salton Trough _An intermediate depth (3000 foot?) hole could be drilled at the northwest
boundary of the SSGF, to understand the cause of the asymmetry in the geothermal
‘anomaly, and to test the validity of the lateral flow model. This hole could be
complemented by a reflection profiling study focused on the nature of the localized
spreading center at depth (Henyey, personal communication). A drill hole into the
seismically active zone, but between the geothermal fields, could be targeted to identify
the rock properties and state of stress in order to develop a seismo-tectonic model of
deformation. Additional constraints on the regional heat budget could be provided
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by filling-in the gaps in the heat flow coverage with measurements in the western part of
the valley and to the south and east of the Salton Sea (Lachenbruch, Sass, and Galanis,
personal communication). Heat input rates from other geothermal fieldsi throughout the
Salton Trough need to be evaluated in order to more effectively assess whether the heat
input to the localized geothermal systems is sufficient to drive the rifting process.
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Fig. 1a and Fig. 1b Three Scales of deformation in the Salton Trough (Lachenbruch?).
Wit%at is the relationship between the local hot spots (i.e., S.5., C.P.), the intermediate
scale seismic zones (Shaded and marked Lo') and the large scale (Lo) of the zone where

strain takes place? ‘
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~ Fig. 2 Distribution of average heat flows
from 3 arc min x 3 arc min regions in
Imperial Valley . Statistics for N =99
include all values; statistics for N =89
exclude regions with mean heat flows > 300
mW M-2 fcrosshatched). (figure from
Lachenbruch?)

Fig. 3 Locations of thermal gradi '
at the SSGF (from S). Open cirg::.leseig;.idc::
data collected in November - December
1985, closed circles indicate earlier data.
The shaded area contains all values with
gradients above 0.3 °C/m.




Technical Information Department - Lawrence Livermore National Laboratory
University of California - Livermore, California 94550

DO NOT MICROFILM
COVER





