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Introduction. Drilling provides access to the interior of the ccmthental crust, allowing 
the direct obs tive processes and the collection of relatively undisturbed 

ting from those processes. Unfortunately, the drillhole is 
and samples are valuable only if they can be viewed in 

general applications. In this paper we describe the 
Geothermal Field (SSGF), concentrating on a 

preliminary results from the Salton Sea 
are providing sisnificant insigh& into 

the thermal budget far the the nature of this specific -thermal system. By exammng 

hydrothermal system, are also telling a great deal about the 
nature of the rifting of the continental spreading throughout the Salton 
Trough. 
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seismicity suggest that a larger area, perhaps 30 km long, is deforming (Fuis, et al, 
1982$. Finally, regional tectonic modeling by Lachenbruch, et d, 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 5 km x 5 km regions 
used by Lachenhh,  et al, 1985l in a tectonic model for c1vstELl. 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 contriiute only a relatively idgnifkant amount to the rifting processes? Do we 

need to require basalt intrusion over a much wider area at  this time, or is it possl’ble that 
all the spreading 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: thexmal, 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 ccmtn%uting 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) , 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 eXarnining 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. 

1 

6- 

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 
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flow in the barnpled portions of this field (Kasameyer, et al, 1984q. A recent 
re-examination of this model shows that, to fit the from the SSGF, the rate 
of heat input into the system by advection to the of heat flux from the top of the 

tion is somewhere between 2.8 and 10. If this model is valid, and if the 
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 Traugh. 

Several factors were rniknown when we published the model for the SSGF. Thermal 
gradients were measured onfy in part'of the anomaly, and none of the high heat-flow 
contours were closed. All drillholes encountered monotonically increasing temperatures, 
so the ess of the zone of outward migration was unhown. The details of the 
thermal structure near the edge of the high gradient zone were unknown. Finally, the 

approach to other fields in the Salton Trough remains untested. All of 
ct the thermal btidget and therefore bear on the Question of the 

es of the SSGF to problem of regional tectonics. Recent CSDP 
ed some of th 

Continental Scientific Drillinff Activities at the Salton Sea Geothermal Field. The 
LLN thermal gradient survey , supported by DOE-OBES, completes the coverage 

SSGF, befhing its shape and lateral extent. 
teen holes were drilled 80 m below lake level 

offshore in the region north of the volcanic domes along the southern shore of the Salton 

3). The holes were drilled using a tnrck-fiounted rig set on a floating barge, 
inch diameter PVC pipe, sealed against Wiltration of formation flu and 

tures were logged periodically fn each hole until three months 
to ensUte that temperatures had reached equEi%rium. short (1 m) cores 

holes, and cuttings were collected every three 
e. Thermal conductivities are being measured on a number of core 

es that represent the range of formation lithologies encountered. With 
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une exception, sfl holes show unifannly increasing temperatures with depth, indicating 
that, as expected, canduction dominates in the cap of the field. Bottom-hole 
temperatures range from about 27OC to above 9OOC. Thermal gradients over the lower 
46m range from a b u t  .09OC/m to over .92OC/m. Thermal conductivties measured on 
samples within hours after dtilling 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 OC/m contour, can be seen on the prelimhazy thermal gradient map (Figure 3). 
There is a pronounced m e t z y  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 magnetic 
anomaly, in contrast to the northern region where the magnetic anomaly and thermal 
anomaly appear to be closely correlated. 

The SSSDP deep hole is contriitjng important information to the defii tbn of the 
thermal budget for the circulating hydrothermal system, in addition to providing the 
Oppartunity for extensive sampling and other studies. Temperature results reported to 

. The gradient in the upper part of the hole is slightly lower than date aremtsurpnslng 
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. Equiliiurn thermal information from this drillhole currently being collected will 
p v i d e  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. 
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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 ate the principal 
data constraining the rate of heat influx into the SSGF. The result6 from these 
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experiments 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 

all the spreading takes place at hot-spots, then the chemical 
the SSGF provide insight, not only into b y d m t h e d  alteration 
but also to the manufacture of new continental crust by the 

interaction of energy and materials from the mantle with continental sediments. 

Future I)rillinR ImrestiRatians in the Salton Trouph. There are many possibilities in the 
Salton Trough for future CSDP activities designed to understand 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 h y d m t h m  circulation zone, providing a solid constraint on 
the therrnal budget. The central temperature of the h y d r o t h e d  system is 
approximately 350 OC. 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 OC/m, we expect 350 OC at 
about 14,000 feet. For the slightly elevated gradient observed surrounding the SSGF, .ll 
*C/m, 350 *C is encountered at about 10,000 feet. We anticipate ahighprobabilityof the 
thermal regime changing from nearly isothermal as one or the other of these depths is 
approached, and the nature of that c k e  will indicate the total thichess of the 
4ydrothermal system, or its cormection to a deeper and perhaps more widespread one. 

In addition to the already proposed deepening of the SSSDP hole, there are many 
other ideas that, if analyzed d justified, might make attractive CSDP projects in the 
Salton Trough. An intemediate 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 prof- study focused on the nature of the localized 
spreading center at  depth (Hewey ,  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 sebc+tectonic model of 
deformation. Additional constrajnts on the regional heat budget could be provided 
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by f"lllirrg 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 (Lachenbrwh, Sass, and Galads, 

personal communication). Heat input rates from othm geothermal fields 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. l a  T F F i g .  l b  Three Scales of deformation in the Salton Trough (Lachenbruchl). 
What is the relationship between the local hot spots @e., S.S., C.P.), the intemxdiate 
scale seismic zones (Shaded and marked Lo’) and the large scale (Lo) of the zone where 
strain takes place? 

s f 

w.0 b. h M i m 7  

Fig. 2 Distribution of average heat flows 
from 3 arc min x 3 arc min regions in 
Impertal Valley . Statistics fOr N=99 
include all vdues; ststistics fot N=89 
exclude regions with mean heat flows 1300 
mW M-2 crobshstched). (f&ure from Lachenbruch i ) 

Fig. 3 Locations of thermal gradient data 
at the SSGF (from 5). Open circles indicate 
data collected in November - December 
198% closed circles indicate earlier data. 
Tht shaded area contains all values with 
gradients above 0.3 oC/m. 
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