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CONCLUSIONS

Prior discussions of the geothermal potential of the Socorro
area have been based on the premise that magma bodies are
present at shallow depth (12 miles and possibly about 2 miles)
beneath an Oligocene-age caldera. However, temperature gradient,
heat flow, and hydrochemical data fail to identify any strong
thermal anomalies in the project area.

Analyses of seismic data shows that the widespread magma bodies
are at mid-crustal depths (12 miles, or 19 km) and are quite
thin (about 3,000 feet or 1 km). If fully molten, these bodies
could impose an equilibrium conductive temperature gradient of
only 3°F/100 ft (55°C/km). If the magma bodies are very youth-
ful (they are semi-liquid despite their thinness), conductive
temperature equilibrium to the surface may not yet be estab-
lished. That is, the shallow crust may still be warming.

Maximum bottom hole temperatures are 90°F (32.0°C) in B40, and
81°F (27.2°C) in A3. Holes B20, B35, U3, U4, and AlB have
temperatures in the 77-79°F (25-26°C) range.

The highest temperature gradient measured at moderate depth
(165-1,391 feet, or 50-424 m) in the Socorro area which may
represent equilibrium conditions is 3.1°F/100 ft (55.5°C/km)
in B15. Several holes have gradients of 2.2-2,8°F/100 ft
(40-50°C/km) below 330 feet (100 m): S2B, NMS5, ALB, A6B, B31,
B33, S8, S9B. These are close to the predicted equilibrium
conductive gradient.

The deeper holes, especially B40 and B35, have high gradients
(to 7.1°F/100 ft or 128.7°C/km) in their upper portions, but
have isothermal or reversed gradients at bottom along with
moderate bottom-hole temperatures, demonstrating deep ground-
water circulation. High gradients are seen at shallow levels
in many shallow (130 feet or 40 m, or less) holes, but the
persistence of the high gradients with depth is moot, given
the experience of B40 and B35.

Regional conductive heat flow probably is closer to 2.0 than
to HFU. Higher published estimates probably are erromneous,
because they were computed for shallow holes and shallow con-
vective disturbance is likely. Six holes in the project area




901 MENDOCINO AVE.,
GeothermEx, Inc. serkeLEY, ca. 94707

JAMES B. KOENIG (415) 524-9242
MURRAY C. GARDNER (503) 482-2605

10.

11.

12.

have heat flow greater than 2.0 HFU, but heat transfer by
groundwater convection is proven at 4 of these points and is
very probable at the other two. Thus, no greater-than-—average
conductive heat transfer has been demonstrated.

Most of the computed heat flow values are subaverage and
suggestive of convective disturbances. Those in the La Jencia
Creek-Nogal Canyon area are so low (less than 1.0 HFU) that
they demonstrate deep cool groundwater circulation.

Moderate quantities of cool groundwater move from recharge areas
on the flanks of the Magdalena Mountains through the La Jencia
Creek and Socorro Canyon areas. In addition, a zone of upwelling
cool dilute groundwater has been demonstrated from hydrochemical,
temperature-gradient, and heat-flow data in the Strozzi Ranch
area west of Socorro Peak.

Socorro, Sedillo, and Cook Galleries on the east side of Socorro
Peak have mildly thermal water, whose temperature, composition,
and calculated reservoir temperatures all are consistent with
circulation to only moderate depth in a region of 1.7-2.8°F/100 ft
(30-50°C/km) temperature gradient. No strong thermal component

is indicated.

Only well #367 on the east side of the Socorrc Peak block has
hydrochemical evidence of a deep, hot circulation (295°F, or
146°C reservoir temperature calculated by Na-K-Ca). Si0Op geo-
thermometry yields much lower values (not over 165°F or 74°C).
A presumptive case for mixing with deep, hot, chlorided water
can be made, but with limited confidence.

Regional geologic structure and subsurface section remains
poorly understood. Presumed Oligocene volcanic cauldrons are
not recognizable in surface fault patterns, and impose diffi-
cult requirements in geologic cross-sections.

Deep aquifers may exist in Paleozoic limestones or more shallowly
in any of several Tertiary volcanic-sedimentary units. No

single model of subsurface geology, hydrology, thermal regime

and hydrogeochemistry is fully convincing. However, a reason-
able hypothesis is that cool groundwater recharging to perhaps
several thousand feet masks or dilutes the heat rising conduc-
tively from a mid-crust magma.
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13.

14.

Continued exploration and leaseholding depends upon the assump-
tions that: (a) a thermal anomaly is present along the east
side of Socorro Peak, extending to the west at depth; (b) the
anomaly to the west is masked by cool groundwater circulating
to an unknown depth; and (¢) the anomaly is not too deep to
encounter in continued drilling. All 3 assumptiomns are
debatable.

It is unlikely that further shallow drilling can resolve
these questions. Future gradient holes will have to go to
2,000-2,500 feet in depth, to determine circulation patterns,
deep gradients and subsurface geologic section. If fluid
samples can be obtained from such deep holes, geochemistry
may help in interpreting the groundwater-circulation patterns.
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RECOMMENDATIONS

Drill one or two 2,000-2,500-foot holes in the Socorro Peak
block to define temperature conditions and deep circulatory
system at depth. If feasible,collect fluid samples for com-
parative geochemical analysis and geothermometry.

Because data from an imtermediate-depth hole in the northern
Chupadera Mountains showed circulation of only moderate
temperature water at depth, no further drilling is recommended
there.

If further drilling is contemplated, sample selected springs
and wells in the Socorro Peak block and Strozzi Ranch area

to obtain complete hydrochemical and isotope analyses, which
may be used for improved calculation of reservoir temperatures
and mixing models.

Additional shallow (less than 330 feet or 100 m) temperature-
gradient drilling is not warranted at this time.

If no further exploration is budgeted or planned, retain those
leases that require no performance and that have low annual
rentals. Inquire about possible farm-outs based on the
recipient drilling several 2,000-2,500 foot holes.

Update information on the status of institutional research into
the seismology, chemistry and geology of the presumed magmatic
bodies before abandoning leases.
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INTRODUCTION

This report provides a regional synthesis of geology, geo-
chemistry, hydrology and geophysical data for the Socorro, New
Mexico, area. It is based principally on extensive drill-hole data
supplied by, and proprietary to, Gulf Mineral Resources Company and
Sunoco Energy Development Co. These temperature-gradient and heat-
flow data are integrated with older gradient and heat-flow data,
groundwater chemistry, studies of local seismicity, regional and
local geologic mapping, and other data. This synthesis yields a
revised estimate of the geothermal energy potential for the Sccorro
area. It should be recalled that attention has been focused on
Socorro and vicinity because of reported high heat flow and probable
magmatic bodies within the shallow crust.

Some 20 man-days of effort have gone into this study, exclu-
sive of time spent earlier in logging temperature gradients and
studying drill-hole cuttings.

GEOLOGY

Regional Setting

The Socorro area lies within the Rio Grande rift, a 400-
mile-long north-trending zone of en echelon fault-bounded basins,
which are characterized by basalt and rhyolite volcanism and thin
red crust. The rift has been interpreted by many workers as an
intracontinental zone of crustal spreading.

The rift is bordered on the west by the Colorado Plateau
and the southern part of the Basin and Range province and on the
east by the High Plains, The rift generally is agreed to include
Las Cruces, New Mexico on the south and the San Luis Valley in
Colorado on the north. However, various authors have proposed
different western and eastern boundaries as well as different
northern and southern endpoints for the rift, as geological and
geophysical models of the region have evolved. For example, Kelley
(1952) drew the western boundary of the Rio Grande rift at Socorro
along the base of the Socorro Peak block, implying that the rift is
much narrower at this latitude than to the north. However, Chapin
et al. (1978) described the Chupadera Mountains-Socorro Peak-
Lemitar Range as an interbasin horst, and placed the boundary of

-5 -
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the Rio Grande rift at Socorro at least as far west as the flank
of the Magdalena Mountains. '

It is beyond the scope of this report to discuss regional
development of the rift; instead it will concentrate directly on
the Socorro area, especially those factors related to possible
geothermal resources.

Summary of Stratigraphy

A detailed geologic map of the northern Chupadera Mountains,
the Socorro Peak block, and the Polvadera Mountain part of the
Lemitar Range is given in plate 1. Less-detailed information cover-
ing the east flank of the Magdalena Mountains, as well as the
Chupadera-Socorro Peak-Lemitar Mountains, is shown on plate 2.

A composite stratigraphic column (figure 1) summarizes the lithology
and thickness of the various units.

Precambrian Rocks

Precambrian basement rocks underlie a large part of the
Magdalena Mountains in T. 2 and 3 S., R. 3 W. The principal rock
types are argillite and schist, which were formed by low-grade
regional metamorphism of clay-rich sediments, and a later granitic
batholith.

In the Socorro Peak area, Precambrian rock is exposed only
in Sec. 4, T. 3 S., R. 1 W. (plate 1). It probably is similar in
lithology to extensive outcrops along the east side of Polvadera
Mountain in Sec. 31 and 32, T. 1 S., R. 1 W. and in Sec. 5 and 6,
T. 2 S., R, 1 W. Here, Precambrian units include mafic and felsic
plutonic rocks, gneiss, quartzite, argillite, and schist.

Exposure of Precambrian rocks in the center of the Socorro

Peak and Lemitar horsts implies that these areas have undergone pro-
found uplift.

Paleozoic Rocks

Lower Paleozoic rocks are not present in the Socorro area,
probably as a combined result of non-deposition and erosion.

-6 -
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FIGURE 1.

Composite stratigraphic column of the Socorro area. Thickness of units
not to scale. (Modified from Chapin et al., 1978.)

Sierra Ladrones Formation: (0-1000'). Piedmont-slope,
river-channel, flood-plain deposits, and basalt flows.

Rhyolite of Socorro Peak: 7-10 m.y. (0-800'). Silicic domes,
flows, tuffs.

Upper Popotosa Formation: (0-2500"'). {Member of Kelly Ranch}
Claystones, mudstones, siltstones, sandstones, conglomerates,
and basalt flows.

Lower Popotosa Formation: (0-1500'). {Members of Socorro
Canyon and Lemitar Mountains.} Mud flow deposits, fanglom-—
erates, and minor lacustrine deposits.

Lavas of Water Canyon Mesa: 20 m.y.(0-600'). Intermediate to
silicic lavas and tuffs. Locally present, east flank of
Magdalena Mountains.

Tuff of South Canyon: 26 m.y. (0-600'). Ash-flow tuffs.
Tongue of basaltic andesite.

Luis Lopes Formation: (0-2000'). Ash-flow tuffs, andesitic
lavas, rhyolitic domes and tuffs, minor landslide deposits.

Lemitar Tuff: 27 m.y. (0-400' outflow, 700-2900' cauldron).
Ash-flow tuffs; multiple units.

Unit of Six Mile Canyon: (0-200')/ Andesite to basaltic
andesite lavas, rhyolite lavas and domes, ash-flow tuffs,
laharic breccias. Locally present, east flank of

Magdalena Mountains.
A-L Peak Tuff: 32 m.y. (0-700' outflow, 2000'+ cauldron).

Ash-flow tuffs, multiple units.

Hell's Mesa Tuff: 32-33 m.y. (0-500' outflow, 3000'+ cauldron).
Ash-flow tuffs, multiple units.

Spears Formation: 33-37 m.y. (0-1500"'). Conglomerates, mud-
flow deposits, lavas, and ash-flow tuffs.

Madera Limestone: (500-1500").

Sandia Formation: (550-650'). .Shales, quartzites, and
limestone.

Kelly Limestone and Caloso Formation, undivided: (0-90').
Precambrian crystalline basement: Mafic and velsic plutonic
rocks, schist, gneiss, argillite, and quartzite.

* Lithologic units shown on Plate 2.
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Closest exposures of lower Paleozoic rocks are about 40 miles south
of the project area.

The oldest Paleozoic units present, the Mississippian Kelly
and Caloso Formations undivided, were deposited directly onto eroded
surfaces of the Precambrian rocks., In the Kelly mining district on
the northeast side of the Magdalena Mountains, the Kelly limestone
was very permeable to hydrothermal fluids during stock intrusion and
ore deposition. However, this unit is relatively thin (0-90 feet),
and it alone could not provide adequate storage for a commercial geo-
thermal system.

The overlying Pennsylvanian Sandia Formation, which is com-
posed of shale with minor quartzite and limestone, acted as an im-
permeable cap above the Kelly limestone during the ore~forming episode.

At the top of the local Paleozoic section, the Madera Lime-

stone (500-1,500 feet thick) is permeable and is thick enough to be
a potential host for geothermal fluids.

Tertiary Rocks

Neither Mesozoic nor lower Tertiary rocks are present in the
Socorro area. Such units may have been deposited, but subsequently
were removed by erosion. Mesozoic rocks crop out about 10 miles
east of the project area.

Oligocene

Volcanic activity began in the Socorro area in early Oligocene
time with deposition of the Spears Formation (37-33 m.y.), which is
composed largely of volcaniclastic debris but also contains ash-flow
tuffs of intermediate composition. The Spears Formation has not been
correlated with a specific volcanic center.

According to Chapin et al. (1978), a series of nested cauldrons
formed in the Socorro-Magdalena region (figure 2) during the period
33-26 m.y. ago (early Oligocene to latest Oligocene). Volcanic units
named in figure 1 are correlated with these volcanic centers as follows:
The Hells Mesa tuff probably was derived from the North Baldy cauldrom.
Various members of the A-L Peak tuff were produced from the Mt. Withing-
ton, Magdalena, and Sawmill Canyon cauldrons, while the unit of Sixmile
Canyon represents infill of the Sawmill Canyon cauldron. The Socorro
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cauldron was the source of the Lemitar tuff, and the unit of Luis
Lopez represents infilling and resurgent volcanism within the Socorro
cauldron. The tuff of South Canyon is a regional unit that was depo-
sited over the Socorro cauldron; its source may have been the Hop
Canyon cauldron. :

Owing to the differing thickness of caldera-~fill and outflow
facies of ash-flow units, and the overlapping of calderas, as well
as possible post-deposition episodes of erosion, the thickness of
volcanic rocks varies greatly between localities,

The great effusion of volcanic units in the Socorro-Magdalena
area tapered off at the end of the Oligocene. Some volcanic units,
such as the lavas of Water Canyon Mesa, are of Lower Miocene age, but
these units are much less voluminous and are relatively restricted in
area. '

Finally, it should be noted that existence of the several
cauldrons and the sequential interrelationship of volcanic units is
inferred from indirect evidence of rock type, thickness, particle
size, and geophysical parameters. Surface fault patterns do not
strongly support cauldron formation.

Miocene

During Miocene time, a broad alluvial basin developed,
including the Magdalena area on the west and the present course of
the Rio Grande River on the east. The north and south boundaries
of the basin are not well known. Thick sediments (at least 3,000
feet) of the Popotosa Formation (Santa Fe Group) accumulated within
this basin.

Areas presently standing at high elevation were part of the
lowlands receiving sediments, as is inferred from the presence of
Popotosa Formation at the crest of the Magdalena Mountains in Sec. 6
and 7, T. 4 S., R. 3 W., (Krewedl, 1974) at an elevation slightly
above 10,000 feet. The area presently occupied by the Chupadera-
Socorro Peak-Lemitar uplift was persistently a low-lying part of
the Popotosa basin, tending to receive the finest-grained sediments
(Chapin et al., 1978).

Some lower Miocene volcanic units are known, such as the
lavas of Water Canyon Mesa, but these appear to be of local distri-
bution.




901 MENDOCINO AVE.
GeothermEx, Inc. serxeLEY, ca. 94707

JAMES B. KOENIG (415) 524-9242
MURRAY C. GARDNER (503) 482-2605

Upper Miocene rhyolitic domes and flows of the Socorro Peak
group (7-12 m.y.) are interbedded with the upper Popotosa Formation.
These are the youngest silicic volcanic units known in the Socorro
area. It appears likely that even if these silicic lava flows are
the surface expression of a mid- to shallow-crustal silicic pluton,
this episode is too old to serve as a present-day heat source for
geothermal fluids.

Pliocene

Between 7 m.y. (youngest Socorro Peak rhyolites extruded)
and 4 m.y. (basalts of Sedillo Hill emplaced), the Popotosa basin
was broken by uplift. Integration of the ancestral Rio Grande
drainage also occurred at this time. Sediments of the Sierra
Ladrones Formation accumulated throughout the Pliocene epoch, inter-
calated with local basalt flows, such as those at Sedillo Hill.

This appears to have terminated extrusive volcanism in this region.

Pleistocene and Recent

Minor alluvial sedimentation occurred throughout Quaternary
time. However, the cutting of several geomorphic surfaces as a func-
tion of aggradation of the Rio Gramnde River was the most important
geologic event.

Structure

As can be seen from plates 1 and 2, faults in the Chupadera
Mountains-Socorro Peak-Lemitar Range uplift most commonly trend
north-northwest and have normal offset. Northeast-trending faults,
possibly somewhat older, are common in the northern Chupadera Moun-
tains. In the eastern part of the Magdalena Mountains, faults show
much more curvature than do those to the east, but their general
linear trend is north-northwest. A special class of faults in the
Socorro Peak block and the Lemitar Range consists of those which
originally were normal faults of moderate dip, but which now are
nearly flat-lying or have apparent reverse offset as a result of
subsequent tilting and rotation. These faults chiefly offset Paleo-
zoic units.

However, there has been movement on the north-northwest-trending
faults throughout the project area since mid-Miocene, because upper

-9 -
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Popotosa Formation and younger units are offset. Many faults have
moved in Pleistocene or Holocene time, because they offset uncon-
solidated alluvium of probable Quaternary age. Some mapped faults,
especially those along the east side of the Magdalena Mountains and
those east of the Chupadera Mountains, have fresh scarps and offset
alluvium at the surface, indicating very recent movement.

These faults appear to be related to breakup of the Popotosa
sedimentary basin, upwarping of the Magdalena Mountains and raising
of the Chupadera-Socorro Peak-Lemitar uplift., Presumed ring-faults,
associated with caldera collapse, are less obvious; and the outline
of the Socorro cauldron shown on plate 2 by Chapin et al. has little
apparent correlation with mapped faults.

Chapin et al. (1978) proposed a larger-scale structural ele-
ment in the Socorro area: a transverse shear zone crossing both
the Socorro Peak block and the Magdalena Mountains. On the north
side of this presumed shear zone, formations are tilted to the west
and stepped down to the east by north northwest-~trending normal
faults; whereas on the south side of the shear zone, formations are
tilted to the east and stepped down to the west. Chapin et al.
suggested that this transverse shear zone controls the south edge
of a postulated present-day deep magma body. They also implied that
the zone controlled emplacement of the late Miocene Socorro Pesk
rhyolites and development of the Oligocene cauldrons, reasoning
that this structuré must represent a deep-seated structural flaw.
Furthermore, they implied that present-day hydrothermal circulation
patterns may be strongly influenced by this shear zone.

However, similar zones of reversed fault dip and rotation
are found at many places in the western United States including a few
geothermal prospects. Notable amongst the latter is the Warner Range
of Oregon and California, which exhibits different rotational style
to the north and south of Fandango Pass. Various explanations have
been proposed, for this phenomenon, including diagonal strike-slip
faulting, doming, and regional crustal extension. The significance,
cause, and even the existence of such transverse shear zones remains
moot. If demonstrated to exist, a magmatic relationship is highly
presumptive.

Regionally, the Socorro area lies within the Rio Grande rift
zone at its intersection with the Morenci lineament, a northeast-
trending zone of mineralization and deep-seated structural grain.
Several other lineaments are known in New Mexico and adjacent states,
with and without geothermal significance. Structural-mineralized
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belts associated with geothermal systems include the Pioche-Beaver-
Tushar belt, which extends through the Roosevelt Hot Springs geo-
thermal system in southwestern Utah. It is moot if a causal rela-
tionship exists between such lineaments and present-day hydrothermal
systems.

GEQOPHYSICS

Geophysical data, particularly evidence from seismic studies,
have had a critical influence on the modeling of possible geothermal
systems in the Socorro area. Indeed, were it not for strong geo-
physical evidence of present-day magma bodies at moderate and shallow
crustal depths, the Socorro area would not appear much more promising
than many other broad areas of crustal extension in the western United
States.

In the following sections, seismic and other data will be
discussed and integrated with the geologic data.

Seismology and Crustal Deformation

Historical Seismicity

Sanford et al. (1979) summarized available data on instru-
mentally~recordeﬁ_éz;thuakeS'(Covering the period 1962-1977) and
on non-instrumented reports (covering the period 1849-1962). They
found that nearly all felt earthquakes occurred along the Rio Grande
rift from Socorro to Albuquerque, and that the greatest proportion
(75%) -occurred in the 47 mile segment of the rift from Socorro to
Belen. A similar spatial pattern was found among instrumentally
recorded earthquakes.

Of special interest is an earthquake swarm at Socorro which
lasted for 8 month in 1906-1907. The largest shocks were of inten-
sity 7 to 8 (Modified Mercalli Scale) and calculated magnitude 4.4-
4.9, or perhaps somewhat higher. Elsewhere, earthquake warms of
this type have been correlated with magmatic intrusion at shallow
depth,

During a l6-year period (1962-1977) of instrumental data,

there has been a low level of seismicity in the Rio Grande rift.
The highest magnitude reported was 3.6; and certain large segments
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of the rift (such as from Socorro to Las Cruces) had no events
greater than 2.4, This level of activity is no greater than that
observed in the neighboring Colorado Plateau and High Plains prov-
inces, which would be expected to have generally low activity.
Sanford et al. (1979) suggested that the Rio Grande rift undergoes
episodic seismic activity, with the recent instrumental data rep-
resenting a quiescent, background level of energy release. Cer-
tainly, there were fewer earthquakes than would be expected from the
previous 100 years of popular report, and smaller earthquakes than
might be expected from the prominent recent fault scarps in the
Socorro area.

Microseismicity

Much study of instrumental records of microseismic events
has been undertaken, especially for events in the Socorro area.
Sanford et al. (1979) summarize the results as follows: micro-
earthquake hypocenters are scattered over a 900 square mile (2,300
kmZ) area, which is centered roughly over a postulated mid-crustal
magma body (discussed below). Activity is somewhat more frequent
within the old Socorro cauldron than elsewhere in the Rio Grande
rift; but nowhere can recorded hypocenters clearly be correlated
with mapped faults.

The focal depths of microearthquakes have been studied using

several different techniques; most focal depths are at about 4 miles
(7 km) and none are deeper than 8.5 miles (13.5 km). Sanford et al.
(1979) attributed the lack of deeper earthquakes to abnormally high
temperatures at depth, which inhibits stick-slip movements. However,
it should be noted that earthquakes occur at focal depths less than

15 km in many provinces of small crustal thickness.

Midcrustal Magma Body

The most important result of microearthquake studies in the
Socorro area is the development of evidence for a widespread mid-
crustal zone of very low rigidity, thought by many to be magma body.
These data were first presented by Sanford and Long (1963) and Sanford
et al. (1973); they have been summarized and integrated with new
results by Rinehart et al. (1979).

The magma body was identified from unusual reflections of
shear waves generated by microearthquakes. These reflections are
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S to P and S to S reflections off a sharp discontinuity, which is

at a depth fo 12.0 miles (19.3 km) at Socorro and dips very slightly
{(less than 2°) northward. The reflector horizon covers an area of
about 665 square miles (1,700 km2), from Socorro northward at least
35 miles (56 km), although the west, north, and east boundaries of
the reflector are not well defined (figure 3).

The reflector horizon probably is a sill-like intrusion which
contains at least a partial melt, but which certainly has very low
rigidity. This conclusion was reached by Rinehart et al. (1979)
because no reasonable combination of contrast in solid rock densities
across the reflector horizon could yield the observed reflected waves.
Only if the interface were compased of solid rock above and either
liquid magma or a partial melt below, would the observed reflections
fit theoretical values very well.

That the magma body is relatively thin compared to its
lateral extent is shown by very small P-~wave residuals for tele-
seisms, indicating that the magma layer is 2,000-4,000 feet (0.6-
1.2 km) thick if it is composed of a full melt (Rinehart et al.,
1979).

Shallow Magma Bodies

Chapin et al. (1978) summarized evidence for the existence
of small, shallow magma bodies within the project area. The dis-
tribution of these bodies is shown in plate 3. Detailed instrumental
studies of microearthquakes in the Socorro area have shown that,
depending on the instrument array used, SV waves through certain
areas are very weak or are absent. This screening of SV waves can
be explained if liquid magma or a partial melt is present within the
zones illustrated. Calculation of Poisson's ratio for microearth-
quakes in the same area yields anomalously high values, which can be
explained by the same distribution of shallow magma bodies.

Finally, Chapin, et al. (1978) reported that detailed three-
dimensional analyses of the distribution of microearthquake hypo-
centers shows events to occur around, but not within, the postulated
shallow magma bodies except at very shallow depths (less than 8,200
feet to 2.5 km). The magma within these shallow zones is thought to
be in thin, discontinuous dikes with relatively small total volume.
The top of the shallow magma zone may be at about 8,200 feet (2.5 km).

Whether these shallow magma bodies could provide adequate
heat to power a significant geothermal convection system is not known.
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More fundamentally, whether these shallow magma bodies could remain
in the molten state at such shallow depth for more than a brief time
interval also remains unknown.

Unpublished Microearthquake Survey

A detailed microearthquake survey was performed during 3
weeks in 1974 in the Socorro area for Gulf Mineral Resources Company.
During this time, 58 local events were recorded, whose magnitudes
ranged from -1.1 to +1.1. The distribution of best-located events
is shown on plate 3 along with calculated focal depths; however,
neither position nor depths are known with great accuracy. As can
be seen from plate 3, the distribution of events recorded during
this brief survey generally corresponds to the pattern observed for
longer-term studies.

The events located in Sec. 17, 18, 19, and 29, T. 3 S.,
R. 2 W. may define an active fault which strikes N 10° W., dips
about 80° E., and is downdropped to the east. This interpretation
is consistent with recent fault scarps mapped nearby. The other
events are too poorly located to interpret with confidence.

Reflection and Refraction Surveys

Brown et al. (1979) reported the results of several COCORP
Vibroseis surveys, including a WNW-ESE profile across the Rio Grande
rift about 25 miles (40 km) north of Socorro and a NNE~SSW profile
along the east side of the rift, the south end of which is about
9 miles (15 km) from Socorro.. The locations of parts of these pro-
files are shown on figure 4,

Brown et al. found a strong reflector horizon at 12.5 miles
(20 km) depth, corresponding with the location of the postulated
Socorro magma body. Detailed interpretation of the reflection data
shows that a magma body is consistent with the observed patterns,
but is not required by the earth model. If the magma body hypothesis
is correct, then the reflection survey results indicate that it is
not a simple body but may be layered and/or discontinuous in places.

Olsen et al. (1979) reported the results of a seismic refrac-

tion profile that used a chemical explosion as the energy source.
The line of profile trends NNE and is located about 15 miles (25 km)
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east of Socorro (figure 4), far to the east of the Socorro magma
body as identified from microearthquake data. However, a strong
reflector phase at a depth of about 13 miles (21 km) also was

found along this profile. The data show that P-waves are reflected
from a major intracrustal layer, which has P-wave velocity of

2,000 ft/sec (6.4 km/sec), compared to velocities of 19,700 ft/sec
(6.0 km/sec) in the overlying units, and also has anomalously low
shear wave velocities.

East~west dimensions of this intracrustal low-rigidity layer
are not known, but its north-south extent is about 68 miles (110 km).
It probably is only a few kilometers thick. Olsen et al. (1979)
also suggested that this eastern intracrustal low-rigidity layer
may have a lower degree of partial melt than the postulated Socorro
magma body. :

Regional Crustal Structure

Keller et al. (1979) used Rayleigh wave group and phase
velocity measurements and also seismic refraction data to establish
the thickness of the crust in the Rio Grande rift. They found that
it is about 22 miles (35 km) thick, which is substantially less than
the neighboring Colorado Plateau (28 miles or 45 km thick) or the
southern Great Plains (31 miles or 50 km). The crust within the
rift may be slightly thinner in the south, near Las Cruces, than in
the north.

If there is any difference in crustal thickness between the
Rio Grande rift and the southeastern Basin and Range province, it
cannot be resolved from the available data.

Modern Crustal Deformation

That crustal deformation presently is occurring in the
Socorro region is shown by analysis of releveling of elevation
lines (Reilinger and Oliver, 1976). The maximum offset reported
along a south-to-north line in the Rio Grande Valley is 8 inches
(20 cm) of uplift at a point 14 miles (23 km) north of Socorro.
This offset occurred during the period 1911 to 1951, yielding an
average rate of 1 inch per 5 years (0.5 cm/yr).

Lesser amplitudes of uplift exist both north and south of
this maximum point. Overall, the zone of uplift extends from 9
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miles (15 km) south of Socorro to 35 miles (55 km) north of Socorro,
and is almost directly over the postulated Socorro magma body.
Several authors have stated that the observed vertical movements

are caused by inflation of the magma body; this remains moot.

It should be noted that there is no east-west profile across

the Socorro Peak block, and therefore the degree of modern uplift
across the project area is not known.

Gravity and Magnetic Data

The only available published gravity map of the Socorro
area is a residual Bouguer gravity map (plate 4). It shows gravity
highs over the Lemitar Range and over the Precambrian-Paleozoic out-
crop of the Socorro Peak block, with lesser maxima over the northern
Chupadera Mountains., Gravity values rise steeply over the east flank
of the Magdalena Mountains. :

However, interpretation of a residual map is ambiguous
because the data have been biased, often to an unknown degree, by
assumptions regarding ''proper’ regional trends. Plate 4 shows the
expected pattern of gravity lows over valleys and gravity highs over
uplands, but further detailed interpretation is not warranted.

Similarly, plate 5 shows a residual magnetic intensity map,
whose significance is difficult to assess. There is great relief
in the magnetic contours over the northern Magdalena Mountains, but
this may have various, non-thermal causes: dipping, and therefore
polarized, volcanic units; widespread magnetite, which Laughlin and
Koschmann (1942) stated is a very common alteration product in the
Magdalena mining district; or relative percentage of magnetite-rich
rocks in surface exposures.

Chapin et al. (1978) suggested that aeromagnetic anomalies are
subdued along the ''transverse shear zone', and they concluded that
this is caused by high subsurface temperatures, with the Curie point
isotherm occurring at relatively shallow depths., However, it is
not easy to agree that the aeromagnetic contours are markedly differ-
ent along the transverse shear zone or that any special conclusions
regarding depth of the Curie point isotherm are warranted.
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INTERPRETATION OF TEMPERATURE DATA

Subsurface temperature data in the Socorro area are rela-
tively abundant, with 32 proprietary and 17 published data points
available to this study.

Temperature

Temperatures observed in drill holes in the Socorro area
are not exceptionally high: the maximum is 89.6°F (32.0°C) from
1,392 feet (424 m) in hole B40 (plate 6 and table 1). Elevated
temperatures are reported for several other holes, including 81.0°F
(27.2°C) at 500 feet (152 m) in A3 and 80.4°F (26.,9°C) at 131 feet
(40 m) in NM2. Many holes in the northern Chupadera Mountains and
along Socorro Canyon have temperatures in the range 75-79°F (24-27°C),
and the warmest hole also is located in this area.

Temperatures in drill holes in the Nogal Canyon and northern
Chupadera Mountains-Socorro Canyon areas are slightly to moderately
higher than temperatures observed for nearby groundwater. However,
it is discouraging that even in the deepest holes, temperatures are
not as high as the warmest groundwater (92°F or 33.5°C in Socorro
and Sedillo Galleries and 103°F or 39.4°C in well {#367).

Mean annual air temperature is about 57°F (14°C) at the ele-

vation of Socorro, and decreases by about 3°F per 1,000 feet of ele-
vation (5.5°C per km).

Temperature Gradients

Temperature profiles of most drill holes in the Socorro
area are very smooth, with few sharp breaks in gradient or tempera-
ture reversals. Many holes have straight-line temperature profiles
for intervals longer than 100 m (330 feet). Characteristic tempera-
ture gradients for each hole are given in table 1 and shown on plate
6; the temperature profiles are included in Appendix A.

Regional background temperature gradient can be calculated
very approximately for the Socorro area: if the postulated regional
magma body at 19 km has a temperature of 1,200°F (650°C), corres-
ponding to a granitic composition, then the equilibrium conductive
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Hole

Number

B-9

B-15
B-19
B-20

B-21
B-22
B-23

B-30
B-31

B-32
B-33

F-1
F-3

Table 1. Depths, temperatures, and temperature
gradients in the Socorro area, New Mexico
Characteristic

Bottom Hole Temperature Gradient
Depth Temperature Interval Gradient
(meters) (°C) (meters) (°C/km)
75.9 23.00 9.1- 75.9 71.8
79.2 22,13 12,2~ 79.2 55.5
115.2 18.77 15.2-115.2 18.6
73.2 25.70 9.1- 36.6 176.8
36,6~ 73.2 37.9

116.1 16.72 18.3-116.1 8.5
18.6 16.12 12.2- 18.6 33.9
91.4 18.93 9.1- 24.4 53.7
27 .4=- 91.4 41.0

128.0 22.08 27.4-128.0 38.3
152.4 23.95 9.1- 45.7 20.6
45.7-152.4 45.4

137.2 21.55 24.4-137,2 31.6
150.9 24.89 18.3- 42.7 69.9
42.,7-150.9 42.4

69.2 25.37 9.1- 61.0 128.7
64.0- 69.2 -26.7

424 .4 32.02 15.2- 61.0 71.4
61.0-122.0 23.3

122.0-167.7 9.1

167.7-274.4 33.1

274.4-396.3 19.2

396.3-424.4 5.9

97.6 19.84 18.3- 97.6 40,1
87.2 17.66 12.2- 48.8 47.0
48.8- 87.2 25.2

96.0 17.13 12.2- 24.4 55.1
24,4~ 96.0 22.2

152.4 25.87 15.2- 42.7 41.0
45.7-140.2 42.1

140,2~152.4 -10.0




Table 1 (continued)

Bottom Hole

Hole Depth Temperature
Number (meters) (°C)
U-4 114.6 25.37
S1B 153.6 22.76
S2B 146.3 23.29
S3 150.3 20.09
S4 152.1 20.16
S5 153.7 18.16
S7 151.2 20.05
S8 146.6 22.61
S9B 152.4 24,16
AlB 146.3 25.05
A2B 152.4 23.01
A3 152.4 27.23
Ad 140.2 20.25
A5 151.5 20.15
A6B 140.2 22.27
NM1 61.0 -
NM2 40.0 -
NM3 70.0 -

Characteristic
Temperature Gradient
Interval Gradient
(meters) (°C/km)

18.3-114.6 45.2
12.2- 67.1 18.8
67.1-152.4 21.9
18.3-146.3 50.0
12.2-150.3 29.0
18.3- 85.3 23.4
85.3-152.1 34.1
18.3-153.6 14.5
12.2- 88.4 24,5
88.4-151.2 29.4
18.3-146.6 43.7
12.2- 36.6 63.3
36.6-149.3 44,4
12,2-146.3 49.0
12.2-152.4 31.7
12.2- 61.0 95.4
61.0- 91.4 68.2
91.4-121.9 41.2
121.9-152.4 14.0
12.2- 42.7 -4.2
42.7~ 97.5 22.5
97.5-140.2 29.0
12.2-103.6 19.8
103.6~151.5 30.1
12.2-140.2 39.2

6.0- 31.0 155.9
11.0- 21.0 240.9
25.0- 40.0 159.0
10.0- 20.0 119.0
35.0- 70.0 35.5




Table 1 (continued)

Characteristic

Bottom Hole Temperature Gradient

Hole Depth Temperature Interval Gradient
Number (meters) (°c) (meters) (°C/km)
NM4 100.0 - 10.0- 20.0 98.2
25.0- 35.0 39.2
40.0- 60.0 19.3
70.0~100.0 24.3
NM5 110.0 - 10.0- 20.0 83.7
25.0- 60.0 45,6
90.0-110.0 50.1
NM6 20.0 19.1 10.0- 20.0 96.2
NM7 20.0 18.4 10.0- 20.0 93.9
NM8 25.0 - 10.0- 20.0 96.9
20.0- 25.0 44,4
NM9 35.0 - 10.0~ 20.0 97.9
25.0~ 35.0 28.0
NM10 30.0 16.2 10.0- 20.0 107.0
20.0~- 30.0 73.0
NM11 80.0 - 30.0- 40.0 44,2
40.0- 50.0 20.7
50.0- 80.0 10.2
X1 76.0 - 15.0- 76.0 54.7
X2 70.0 - 35.0- 70.0 35.5
X3 58.0 - 21.0- 58.0 33.8
X4 40.0 - 12.0- 40.0 161.9
X5 31.0 - 12.0- 31.0 168.2
X6 64.0 - 34.0- 64.0 149.5
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temperature gradient would be 1.8°F/100 ft (33°C/km). If the
temperature of the magma body is 1,850°F (1,000°C), corresponding
to basaltic composition, then the equilibrium temperature gradient
would be 2.9°F/100 ft (52°C/km). In this report, the conservative
value of 1.7°F/100 ft (30°C/km) is used to represent regional back-
ground conductive heat transfer conditions; gradients must exceed
3.0°F/100 ft (54°C/km) to be comnsidered abnormal.

Anomalously high temperature gradients to moderate depths
are reported for holes B9, B1l5, and X6, whose gradients are 4.0,
3.1, and 8.3°F/100 ft (71.8, 55.5, and 149.5°C/km), respectively.
These holes range from 210 to 260 feet (64 to 79 m) deep, and the
gradients are reported from far below the zone of influence of sea-
sonal variation. Bottom-hole temperatures of B9 and B1l5 are not high
(72-74°F, or 22-23°C); therefore, these results may indicate largely
conductive heat transfer conditions. Unfortunately, no heat flow
data are available for these holes. No bottom-hole temperature is
available for X6, but the setting of this hole leads one to suspect
that the very high temperature gradient represents conductive heat
transfer over a warm-water aquifer.

Values in excess of 2.75°F/100 ft (50°C/km) are reported
for shallow levels (100 feet or 30 m, or less) of many drill holes
in the northeast part of the project area; however, these holes
terminate at these shallow depths and it is unknown whether high
gradients persist. -

In the Chupadera Mountains, very high gradients are reported
at shallow levels in B35, A3, and B40 (7.1, 5.3, and 3.9°F/100 ft,
or 128.7, 95.4, and 71.4°C/km, respectively). That each of these
holes is influenced by convective heat transfer is shown by the iso-
thermal or even reversed (-1.5°F/100 ft, or -26.7°C/km at the bottom
of B35) temperature profiles at deeper levels.

Most temperature gradients in the Socorro area change very
little with depth, and most values are subaverage to only slightly
above average. The La Jencia Creek-Socorro Canyon topographic low
is characterized by very low temperature gradients to considerable
depth (note especially B21l, F4, and B19). Of the 18 points which
go as deep as 500 ft (150 m), only 2 (A4 and AS5) have higher grad-
ients at 500 ft (150 m) than at 330 ft (100 m); 3 points (A3, B4O,
and U3) have lower values at 500 ft (150 m). The highest gradient
reported at either depth is 2.8°F/100 ft (50°C/km) for hole S2B.
NM5 also reported 2.8°F/100 ft (50°C/km) for the interval 295-360
ft (90-110 m); and AlB showed 2.7°F/100 ft (49°C/km) over its entire
range of depth to 480 ft (146 m).
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Several of the deeper holes show gradients of approximately
2.2-2.5°F/100 ft (40-45°C/km). These are A6B, B31l, B33, S8, and
S9B. These values may be representative of the regional gradient
in diverse rocks of younger sedimentary and volcanic provenance.
If such gradients are projected to 10,000 feet (3 km), at which depth
holes probably would be in massive crystalline rock (Precambrian
basement or Tertiary intrusive), such temperatures would only be
275-300°F (135-150°C). Such temperatures are unattractive for geo-
thermal exploratiom.

The temperature.profile of the deepest hole, B40, is very
illuminating. Gradients at the top of the hole are fairly high,
but an isothermal zone (78°F or 25.5°C) at 400-550 feet (122-168 m)
represents a warm-water aquifer. Lower in the hole, conductive heat
transfer conditions are shown by a straight-line temperature profile
and moderate gradients, but another deep warm~water aquifer is rep~-
resented by another isothermal section (90°F or 32.0°C) at 1,300-
1,391 feet (396-424 m).

These relations show that deep water circulation is occurring
in the northern Chupadera Mountains, and that high near-surface
gradients can be caused by very moderate temperatures at depth.

Whether low to moderate gradients in the zone to 500 feet (150 m)
can be caused by cool groundwater masking or washing out deeper thermal
features is discussed in subsequent sections.

Heat Flow

Computations

Calculated heat flow values for 32 holes in the Socorro area,
including one 1,391 feet (424 m) deep, are given in table 2 and shown
on plate 7. Two published data points also are shown on plate 7.
These heat flow computations were made using a range of likely
porosities and assuming water-saturated conditions throughtout. The
resulting range of heat flow values takes into account the fact that
in situ porosities in poorly consolidated sedimentary rocks cannot be
measured directly, and usually cannot be estimated closely from drill
cuttings. Calculations that assume high porosities yield lower heat
flow values than do low porosities, because the thermal conductivity
of water is 1,381 thermal conductivity units (10-3 cal/cm-sec-°C),
whereas the measured thermal conductivity of the rock material ranges
from 3.32 to 6.39 TCU. For the data of this study, the difference
between high and low porosities generally is 0.5 HFU or less.
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Table 2.

Heat flow in the Socorro area, New Mexico

,Range of
Tempera- porosities Range of computed
Depth Terrain ture Thermal estimated heat flow, in HFU
Hole Interval, Correc-  Gradient  Conducy for minimum maximum
Number meters tion; % °C/km tivity~ interval; % porosity porosity
B9 9~ 75 -5 71.8 4.03 20 - 40 2.22 1.80
B15 12- 79 0 55.5 4.63 20 - 40 2.01 1.58
B19 15-115 0 18.6 4.83 20 - 40 0.70 0.55
B20 39- 73 0 37.9 3.93 5 - 20 1.41 1.20
B21 - 18-116 0 8.5 5.23 20 - 40 0.34 0.26
B22 12- 19 0 33.9 4.33 20 - 40 1.17 0.93
B23 27- 91 0 41.0 4.13 20 - 40 1.36 1.10
B30 33-125 0 38.3 5.03 5 - 20 1.81 1.48
B31 46~152 0 45.4 4.73 20 - 40 1.68 1.32
B32 33-137 0 31.6 5.53 5 - 404 1,63 1.01
B33 43-137 0 - 42,4 4.63 20 - 40 1.54 1.21
B35 24— 61 0 128.7 4.43 5 - 404 5.38 3.59
B40 168-274 0 33.1 6.0 5-20  1.86 1.49
274-396 0 19.2 6.0° 5 - 40%  1.08 0.64
F1l 18- 98 0 40,1 6.23 20 - 40 1.85 1.37
F3 49- 85 0 25.2 5.13 20 - 40 1.00 0.77
F4 24— 96 0 22,2 5.53 20 - 40 0.93 0.71
u3 15~-137 0 41.5 4.63 - 406 1.81 1.19
U4 33-113 0 45.2 4.3 5 - 406 1.85 1.24
S1B 24-49 -10 19.0 5.34 20 - 40 0.70 0.53
91- 98 -5 22.1 3.72 20 - 40 0.64) 7 0.52)
‘ g 0.70 30.56
134-140 0 22.1 4.36 20 - 40 0. 0.61
S2B 49 -79 -5 50.3 5.48 20 - 40 1.993 7 1.51;
2.18 1.62
79-110 0 50.3 6.39 20 - 40 2.37) 1.74)
140-146 0 50.3 3.79 1-10 1.89 1.72
S3 12- 79 0 29.2 4,67 20 - 40 1.073 0.84
79- 85 0 29.2 © 4,52 20 - 40 1.04§ 1 097 O.82§O.85
122-146 0 29.2 5.14 20 - 40 1.15 0.89
S4 43- 85 0 23.5 5.75 20 - 40 1.02 0.76
91-140 0 34.3 5.28 20 - 40 1.38) 7 1.06
3 1.45 1.1¢
140-152 0 34.3 6.01 20 - 40 1.53 1.1¢4




Table 2 (continued)
Range of
Tempera- porosities Range of computed
Depth Terrain ture Thermal estimated heat flow, in HFU
Hole Interval, Correc- Gradient Conducs for minimum maximum
Number meters tion; 7% °C/km tivity~ dinterval; 7  porosity  porosity
S5 67- 91 0 14.6 4.12 20 - 40 0.48 0.39
S7 24- 79 0 24.6 5.28 20 - 40 0.99 0.76
104-152 0 29.5 5.33 20 - 40 1.20 0.92
S8 30-146 0 43,9 4,80 20 - 40 1.64 1.28
S9B 30- 37 -5 63.6 4,31 20 - 40 2.07 1.65
98-116 44,7 5.49 20 - 40 1.86) 1.41)
1.90/ )1.43
134-146 0 44,7 5.73 20 - 40 1.933 1.45)
AlB 37- 91 -5 49,2 4.56 20 - 40 1.68 7 1.3 g
1.62 1.3C
91-146 0 49,2 3.93 20 - 40 1.57 1.27)
A2B 24- 30 0 31.9 5.15 20 - 40 1.26) 7 0.97)
31.13 )0.8¢
98-110 0 31.9 4,34 20 - 40 1.10 0.88)
128-140 0 31.9 3.94 20 - 40 1.02 0.83
A3 37- 61 0 95.9 4,33 20 - 40 3.30 2.63
61- 91 0 68.5 4,78 20 - 40 2.56 1.99
91-110 0 41.4 4,12 20 - 40 1.37 1.10
122-140 0 14.0 3.97 20 - 40 0.45 0.37
A 55- 98 0 22.6 4.69 20 - 40 0.83 0.65
110-116 0 29.2 4.06 20 - 40 0.95 7 0.77
0.94 0.7¢
134-146 0 29.2 3.93 20 - 40 0.93 0.75
AS 37- 55 0 19.9 5.69 20 - 40 0.85 0.64
134-140 0 30.3 4,61 20 - 40 1.10 0.86
A63B 31- 85 0 39.4 3.32 20 - 40 1.10) 7 0.923
31.17 0.9¢
116-140 0 39.4 3.89 20 - 40 1.24) 1.01)
llO_3 cal/cm~°C-sec
210_6 cal/cmz—sec

3 .
Averaged value for several samples in interval.

Lithology of samples not given.

4 . ‘o A . .
Wide range of porosities used because it is not known which of several widely
differing lithologies was used for thermal conductivity measurements.

5
Assumed value; not measured.

6Wide range of porosities used because lithology is not known.

7 . . .
Averaged over segment of constant temperature gradient and similar lithology.
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Topographic factors have been difficult to calculate for
this suite of holes. Although most holes are at lower elevations
and on gentler slopes than the Socorro Peak upland, these gentler.
slopes in turn are an upland plateau above the Rio Grande flood
plain. The town of Socorro, 4 miles east of Socorro Peak, is at
4,600 feet. The upper reaches of Socorro Canyon near S9B are at
about 5,500 feet. Most of the Socorro Peak block is over 6,000
feet in elevation, locally reaching over 7,000 feet. These topo-
graphic relations are highlighted on plate 8. The resultant asym-
metric topography exhibits over 2,000 feet on the east slope of
Socorro Peak, but only 1,200 feet maximum on the western slope.

Therefore, each hole location has both a local and a regional
topographic setting, and is affected by both highet-elevation uplands
and the deep valley of the Rio Grande. After several attempts, a
set of terrain corrections was developed to take both factors into
account. Net effect is nearly zero in almost every case. Where
there is a terrain correction, it is reduced to zero by 150 m in
depth.

Regional Heat Flow

According to Reiter et al. (1975), regional background heat
flow in the Socorro area under conductive heat transfer conditions
may be 2.5 HFU or greater. Their regional heat flow map is given
here as figure 5; it shows five control points within the project
area. Detailed data on four of these points (table 3) show that
calculated heat flow values of 1.9-2.5 HFU are reported for deep
holes with relatively well-known rock porosities and thermal conduc-
tivities.

However, the fifth control point in the project area is given
as greater than 3.0 HFU (figure 5), although no reference is indicated
and no detailed supporting data are given., From its position, this
point probably represents two heat flow values of 11.7 and 9.6 HFU,
which later were reported by Reiter and Smith (1977) for the east
side of Socorro Peak (shown on plate 7 as NM1 and NM2).

As is discussed in the section on Water Chemistry, the east
side of Socorro Peak is characterized by circulation of moderately
warm groundwater. This, plus the relatively shallow depths reported
for NM1 and NM2, lead one to suspect that the high heat flows rep-
resent only shallow conductive heat transfer above a moderate-
temperature convective system.
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Locality

Chupadera Mesa

Magdalena/NW

Magdalena/West

North Baldy

Table 3. Heat flow data for control points in the Socorro area,
New Mexico (after Reiter et al., 1975)

Depth Temperature Thermal Best
Interval Gradient, Conductivity  Type of Calculated Heat Flow
North Lat West Long (meters) °C/km (TCU) Sample Heat Flow Estimate
34506' 106°48" 70-130 33.47 6.69 Fragments 2.24
2.20
130-160 42.61 5.06 Fragments 2.16
34°09" 107°18" 90-190 43.99 4.31 Core 1.90
1.91
170-300 40.44 4.73 Core 1.91
34°07! 107°17" 120-180 38.93 5.17 Core 2.01 2.01
34°02" 107°13" 150-210 33.86 5.86 Core 1.98
2.48
230-280 44,69 6.66 Core 2,98
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Heat flow values in excess of 2.5 HFU have not been demon-
strated for conductive heat transfer conditions in deeper holes in
the central part of the Rio Grande rift near Socorro. Instead,
background conductive heat flow of 2.0-2.5 HFU seems more likely,
and undisturbed values of 1.5-2,0 HFU may be encountered locally.

Discussion

The highest heat flow values reported from the Socorro area
are 11.7 and 9.6 HFU from NM1 and NM2, 3.6-5.4 HFU (maximum and
minimum porosity wvalues) from B35, 2.6-3.3 HFU from the top of A3,
1.6-2.1 HFU from the top of S9B, and 1.5-1.9 HFU from the top of B40.
However, each of these values is disturbed by convective groundwater
flow, and does not represent conductive heat transfer conditioms.

That this is so for A3 and B40 is shown by the decline in heat flow
computed for deeper levels (plate 7). Hole B35 has a reversed temper-
ature profile below the interval used in the heat flow computation, ’
which demonstrates groundwater circulation.

Subaverage (less than 2.0 HFU) heat flow values are computed
for all other temperature gradient holes in the Socorro area. Many
of the values are lower than 1.5 HFU, which cannot represent back-
ground conductive heat flow in this region, but rather demonstrates
large-scale disturbance by groundwater convection. Most notable are
F3, F4, B21, S5, 83, S1B, S7, B22, A5, and B19. These holes are
located in an area thought to be affected by groundwater mixing,
based on hydrologic and geochemical evidence (see Water Chemistry).
That the low heat flows and postulated groundwater movement are not
shallow phenomena is shown by the smooth temperature profiles and
very low heat flows computed to depths of 280 feet (85 m) or greater,
especially in F3, F4, B21, S5, and B19.

Deep circulation of moderate temperature groundwater is
demonstrated in B40 in the northern Chupadera Mountains. Here, the
bottom-hole temperature is only 90°F (32.0°C) at 1,391 feet (424 m)
and the heat flow computed near the bottom of the hole is only 0.6~
1.1 HFU. '

In summary, regional background heat flow in the Socorro
area probably is closer to 2.0 than to 2.5 HFU; and the hypothesis
of undisturbed conductive heat flow in excess of 2.5 HFU is unproven.
Most of the heat flow values computed for temperature gradient holes
in the area are subaverage (1.0-2.0 HFU) and many values are so low
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(less than 1.0 HFU) that they demonstrate large-scale groundwater
circulation of moderate temperature, which is in accord with evi-
dence of groundwater mixing developed independently from hydrologic
and geochemical data. Six points have computed heat flow greater
than 2.0 HFU (maximum 11.7 HFU), but heat transfer by groundwater
convection is essentially proven at four of these points and is

very likely at the two with the highest computed heat flow. Deep
(to 1,391 feet or 424 m) groundwater circulation of moderate temper-
ature (32.0°C) water is observed in the northern Chupadera Mountains
from temperature gradient and heat-flow data.

Overall, the heat flow data do not indicate a strong geo-
thermal system in the Socorro area. If a strong heat source exists,
it is masked by circulating cool groundwater at moderate depth.

GROUND WATER

A large number of chemical analyses, water temperatures, and
determinations of depth to ground water are available for the project
area (plate 8). These were compiled from published data (Clark and
Summers, 1971; Summers et al., 1972; Surmers, 1976) and appear to be
relatively complete, in that most springs, windmills, and water wells
noted on topographic maps are represented by at least partial data.
Because the land on the lower slopes of the Magdalena Mountains and
in the La Jencia Creek-Socorro Canyon area is used primarily for
grazing, there are not thought to be many unrepresented irrigation
or other water wells.

The well depths reported on plate 8 range from 12 m (for #491)
to 564 m (for #482), with the average depth about 50 m,

Water levels are shown on plate 8 as elevation relative to
sea level, and are assumed to have been measured inside the completed
well. In each measurement, it is not known if shallow aquifers were
cased off, and the water table is therefore somewhat higher than re-
ported; or if there is much artesian head difference that elevates
the measured water surface above the inflow zone. However, the re-
ported water-surface depths made a consistent pattern, so these factors
do not appear to be important.

Water-surface measurements were made between 1962 and 1967.

Some were made in April, but most were made in June, July, or August,
and should represent comparable seasonal recharge-drawdown conditions.
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No long-term changes in groundwater levels are known to affect the
area,

Recharge

The amount of water annually available for recharge to the
groundwater system in the La Jencia Creek-Socorro Canyon area can
be estimated loosely from figures 6 and 7 and data on precipitation
given in Summers et al. (1972). Only order-of-magnitude estimates
can be made, since available information is insufficient regarding
vegetation patterns and evapotranspiration rates.

Arid conditions in the project area are depicted in figure 6,
which shows the annual precipitation in the Socorro region generally
to be less than 12 in/yr (30.5 cm/yr), except in high mountainous
areas. Summers et al. (1972) gave details of the higher precipita-
tion rates for the Magdalena Mountains, with 13.4 in/yr (34 cm/yr)
measured at 7,000 feet (2,400 m) and 17.7 in/yr (45 cm/yr) at the
crest (10,630 feet or 3,240 m).

Figure 7 shows the surface drainage basin of the project
area, including La Jencia Creek above La Jencia Ranch, Nogal Canyon
on the west side of the Socorro Peak block, and Socorro Canyon west
of Box Canyon in Sec. 31, T. 3 S., R. 1 W. The areas were estimated
by graphical techniques to be:

below 7,000 feet (2,100 m) - 264 mil (678 km?)
7,000-9,000 feet (2,100-2,750 m) = 138 mi2 (355 km?)
above 9,000 feet (2,750 m) = 38 mi2 (98 km?)

If generous estimates of mean annual precipitation rates are
made (12 in/yr below 7,000 feet elevation, 15 in/yr in the zone 7,000-
9,000 feet, and 17 in/yr above 9,000 feet), then the total annual
precipitation on the La Jencia Creek-Nogal Canyon-Socorro Canyon
drainage is 313 x 107 acre-ft. If lower precipitation rates are
assumed (8, 12, and 15 in/yr respectively), then the total annual
precipitation is 2.31 x 107 acre-ft. '

The fraction of this precipitation which actually reaches
the groundwater system is moot. Figure 8 shows that potential eva-
poration in the Socorro region is several times greater than pre-
cipitation, and the lack of perennial streams anywhere in the area
except the Rio Grande attests to the general aridity. Also, most
of the precipitation at lower elevations results from thunderstorms
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during the summer months, when the potential for immediate re-
evaporation is greatest. Overall, it seems likely that only 1%

to a maximum of 10% of the total precipitation is not immediately
re-evaporated, consumed by evapotranspiration or trapped as soil
moisture above the zone of saturation. Under these assumptions,

a maximum of 31,000 and a minimum of 2,300 acre-feet of water

enters the groundwater system annually. Lacking more precise values,
15,000 acre-feet of annual recharge is assumed, with most of the
water entering the west side of the project area.

Recharge is more likely to occur in the Magdalena Mountains
and flanking alluvial fans and in the headwaters of La Jencia Creek
than at the relatively lower elevations on the east side of the
basin.

Direction of Groundwater Movement

In the west part of the project area, the direction of.
groundwater flow was determined from contours drawn on the measured
water~-table elevation (plate 8); it appears generally to follow
surface-drainage patterns in the Socorro Canyon, Water Canyon-Nogal
Canyon, and La Jencia Creek areas. Groundwater from the north and
northwest sides of the Magdalena Mountains drains to the northeast,
parallel to La Jencia Creek. Along the east flank of the Magdalena
Mountains, the water table has a steep slope, falling from 6,300
feet (1,900 m) at the mouths of Garcia Canyon and Water Canyon to

an elevation of 5,800 (1,750 m) feet in less than 1.5 miles (2.4 km).
Groundwater exits the area at Socorro Canyon and at Nogal Canyon.

The most surprising feature of the water table elevation
map is the broad flat area shown in the NE-1/4 of T. 2 S., R. 3 W.,
the west half of T. 2 S., R. 2 W., and the central part of T. 3 S.,
R. 2 W. Water table elevations between 5,732 and 5,702 feet (1,748
and 1,738 m) are reported from the north part of 5,726 to 5,720 feet
(1,746 and 1,744 m) in the south part, but the location of the
groundwater divide is not clearly defined. This flat water table
could be caused either by very high transmissivities, leading to
quick spreading of ground water throughout the area, or by ground-
water rising to shallow levels from deep aquifers and causing a
gentle "mound" in the water table.

If the inflections of the water table contours at wells
#479 and #200 fairly represent the direction of flow over the flat
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water table, then water at #479 and #462 probably exits the area
through Nogal Canyon, whereas water from #464, #463, and #465 prob-
ably exits at Socorro Canyon.

On the east side of the project area near the Rio Grande
River, few data are available concerning elevation of the water
table, but ground water is assumed to drain east toward the Rio
Grande.

Water Temperature

The highest temperature reported from the Socorro area is
103°F (39.4°C) from the water well (#367) in Sec. 4, T. 3 S.,
R. 1 W (plate 8). This marks the north end of a zone of warm water
circulation along the east flank of the Socorro Peak block, which
also includes Cook Gallery (56°F, or 13.3°C), Socorro Gallery (91°F,
or 33.0°C), and Sedillo (Evergreen) Gallery (92°F, or 33.5°C) to the
south. These are horizontal infiltration galleries driven westward
into the mountain to intercept water that formerly supplied natural
springs.

Elsewhere, moderately thermal water is reported from well
#233, 84°F (29°C) at 7,000 feet (2,100 m) on the northwest side of
the Magdalena Mountains. Mildly thermal water sources are reported
to the northeast near Granite Mountain and in the valley between
the Magdalena Mountains and the Socorro Peak block, with the warmest
being 73°F (23°C) from well #206. Warm springs (maximum 70°F, or
21°C) also are reported near the mouth of La Jencia Creek in T. 1 N.,
R. 2 E., and a few slightly warm wells occur on the east side of the
project area between the Socorro Peak block and the Rio Grande. The
warmest is 73°F (23°C) from well #102, 1 mile north of Nogal Arroyo.

Of all these thermal waters, only wells #367 and #233, and
Socorro, Sedillo, and Cook's Galleries (springs #33, #34, and #35
on plate 8) are more than 18°F (10°C) above local mean annual air
temperature, which ranges from 57.5°F (14.2°C) at Socorro (elevation
4,585 feet, or 1,400 m) to 55.6°F (13.1°C) at Magdalena (elevation
6,538 feet, or 1,993 m). The other apparently thermal waters may
represent groundwater circulation to only modest depths in an area
of average geothermal gradient, with consequently modest warming.
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Water Chemistry’

Published chemical analyses for springs and wells in the
Socorro region have been examined. Those samples for which rela-
tively complete data are available are located on plate 8 and
summarized on plate 9. Points for which only fragmentary data are
available are represented by notations of major ion concentrations.

Tables 4 and 5 list chemical analyses for springs and wells
on the east slope of the Magdalena Mountains, the Socorro Peak
block, the intervening areas, and the area along the west bank
of the Rio Grande. For the west side of the Magdalena Mountains,
analyses for spring #56 and well #24 are reported in tables 4 and
5 even though they are outside the project area. No other water
sources to the south are thought to have any direct influence on
groundwater systems in the project area; they are represented only
in summary form on plate 9.

Available chemical analyses are grouped on plate 9 by geo-
graphical area and lithology of source rock. These groupings also
closely parallel the groupings by water quality, as will be dis-
cussed in following sectionms.

Total Dissolved Solids

Water quality in the project area is good, as is reflected
by the fact that most analyzed waters are potable, with total dis-
solved solids (TDS) less than 500 ppm. The maximum reported value
is 2,710 ppm for spring #1 in the La Jencia area, whereas values
as low as 75 ppm are reported for the west side of the Magdalena
Mountains. Very low TDS values also are reported for the thermal
waters of Socorro, Sedillo, and Cook Galleries; in fact the first
two have provided all or part of the drinking water for the city
of Socorro for more than 100 years.

There is good correlation of TDS by limited geographical
areas, as can be seen from plate 9., Very good quality water is
found on the west slope of the Magdalena Mountains in an area of
Middle Tertiary andesite and rhyolite flows and breccias, where all
reported values for TDS are less than 365 ppm, and most are less
than 150 ppm. On the east side of the Magdalena Mountains, the
Garcia Canyon area, which is underlain by Precambrian granitic and
metamorphic rocks, has an average TDS of 325 ppm; and the Water
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Table 4.

Chemical analyses of springs in the Socorro area, New Mexico

>

&) < g

°

" . N N [

s ) . . emper concentration in ppm - Nk 5 ‘5 ‘5 Tﬂ;

ample ample per- a~-K-Ca

Num{:er Locagion ature Si02 Ca Mg Na K HCOB co SOA c1 pH DS R=4/3 B=1/3 & & 5
1 IN.2W.7.130 21.1 171. 32. 792. 383 492. 1,032, 7.2 2,710
2 1IN.2W.7.440 19.4 47. 19. 44, 246 56. 22. 7.6 311
3 IN.2W.8.120 16.1 23. 6. 175. 251 128. 88. 8.0 546
4 IN.3W.27.440 6.1 50. 12. 39. 198 80. 10. 7.8 290
5 18.2W.11.120 9.4 19. 4. 143. 383 32. 14, 8.6 404
6 15.2W.11.130 13.9 0.1 - 139, 244 24 14, 9.0 299
7 15.2W.11.130 16.1 21. 1.4 0.1 133. 222 31. - 16. 1.2 9.3 2992
8 15.2W.11.130 38. 10. 45, 234 32 6. 8.4 248
9 18.2W.11.130 46. 10. 42, 251 32. 6. 8.5 262
10 18.2W.11.130 39, 9. 53. 259 28. 6. 8.5 264
11 1S.2W.11.140 30. 5. 94 . 285 36. 14. 8.5 322
12 1S.2W.12.140 19. 11. 127. 305 80. 24, 8.6 414
13 18.2W.11.420 13.9 37. 7. 84. 300 28, 12. 8.6 318
24 25.1W.19.410 50. 12. 67. 308 38. 20. - 341
25 25.1W.30.440 12.8 90. 12. 58. 264 150 20. 8.1 462
26 25.1W.30.440 18.9 89. 11. 62. 268 136. 20. 7.0 452
27 25.1W.31.120 13.9 46, 11. 65. 207 104. 16. 8.0 346
28 25.1W.31.120 15.0 74 13. 45, 259 90. 20. 7.8 372
29 25.1W.31.140 12.8 60. 16. 47 . 254 80. 18. 7.9 348
30 25.1W.31.310 16.1 62. 9. 32. 239 40. 16. 7.9 278
31 25.2W.35.320 50. 7. 29. 227 10. 14. 8.4 224
38 35.1W.06.330 23. 5. 71. 183 48. 24, 8.3 262
453 35.3W.10.310 17.2 106. 23. 9. 388 48. 8. 7.8 388

47 35.3W.20.420 12.2 19. 97. 18. 17. 2.5 330 78. 6.4 0.2 7.9 403 14 (148) 62 67 29

48 35.3W.21.340 8.3 22. 59, 6.6 9.0 1.1 213 17. 4., 0.2 7.8 226 ) (134) 67 72 35

49 35.3W.21.430 10.6 21. 76. 9.5 11. 1.8 269 27 4.8 0.2 7.5 286 7 (148) 65 71 33

52 35.3W.27.440 8.9 22, 70. 9.5 10. 1.4 258 23. 3.6 0.2 0.1 8.2 269 3 (140) 67 72 35

53 3S.3W.33.440 7.8 16. 56. 7.2 7.5 1.5 202 19. 2.8 0.1 0.1 - 211 5 (154) 55 62 23

54 3S.3W.34.320 19. 66. 8.4 6.6 1.2 243 21. 2.8 0.2 0.1 7.8 247 X (146) 62 67 29
56 35.4W.12.310 35. 21. 12.8 71. 239 8.6 8.2 0.5 8.2 267

'
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2
Major ion not analyzed; calculated value

e

Spring #45 = Spring #06

From Summers (1976)

w

Preferred value is underlined.

o)

x denotes calculated temperature less than 0°C.

1

e e

Table 4 (continued) e
o <« O
s
N N [
concentration in ppm 5 § E %
Sample Sample Temper- X . el Na-K-Ca -
Number Location ature S102 Ca Mg Na K HCO3 COB 304 €1 ph DS B=4/3 p=1/3 @ < ©
60 4S.10W.05.210 17.2 39. 3. 372. 444 476. 42, 8.3 1,154
Cire. 124
03 35.3W.21.334 10.9 66. 18. 13. 1.8 230 36. 5. 6.7 2552 11 (144)
04 35.3W.21.442 10.8 22, 69. 18. 12. 1.5 - 30. 6. 0.14 6.9 159 6 (138) 67 72 35
053 3S.3W.21.132 12.5 17. 150. 14, 13. 1.2 260 130. 10. 0.12 7.1 465 b's (121) 57 64 25
06 35.3W.10.311 19.0 21. 110. 16. 18. 1.3 340 53. 8. 0.08 7.2 397 X (117) 65 71 33
07 35.34W.09.341 11.5 17. 100. 13. 11. 1.1 330 28. 9. 2, 7.3 346 X (124) 57 64 25
08 35.34W.09.423 14.0 18. 123. 16. 15. 1.1 330 44, 8. 0. 6.9 390 X (115) 60 65 27
09 35.3W.05.413 11.0 16. 98. 5. 5.8 1. 210 31. 7. 0.2 7.2 269 X (139) 55 62 23
17 3S5.34W.27.,212 16.5 17. 100. 10. 14. 1.8 190 56. 6. 0.02 6.9 300 5 (139) 57 64 25
194 35.4W.01.432 19.5 8. 9.8 9.8 36. 1.2 180 10. 37. 10. 0.7 8.7 208 39 (112) 32 41 x
33 35.1W.22.113 33.0 22.0 3.1 52.4 2.73 156.6 0.4 29, 13.4 0.22 8.35 202 50 (129)
342 35.1W.22.131 33.5 18.0 4.9 51.3  4.90 158.6 30.1 12.0 0.29 8.25 201 70 (158)
35 35.1W.15.313 +13.3 26. 13. 4.0 68, 3.4 158. 3. 42. 14. 0.8 8.4 253 69  (135) 74 78 42
Notes:
1 )
Calculated
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Table 5.

Chemical analyses of wells in the Socorro area, New Mexico

o
o < &
N N kg
o L ¢ L " concentration in ppm . Nk 4 E g 7’:
ample Sample emper— . ] . a-K-Ca
NumLer LocaEion ature Sl02 Ca Mg Na K HC03 COB SOA ¢l ¥ B pH DS B=4/3 B=1/3 & & ©
Circ, 115
5 15.1W.14.334 21.1 - 259. 96. 519. - 264, - 800. 796. - - 7.5 2,602
8 1S.1W.14.431 21.1 - 110. 31. 181. - 312, - 310. 154, - - 7.7 942
11 1S.1W.22.324 21.1 - 171. 49, 264, - 356. - 500. 276. - - 7.5 1,438
15 15.1W.23.331 17.8 - 171. 64. 509. - 390. - 780. 472, - - 7.7 2,1912
17 1S.1W.23.431 16.7 - - - 320. 1.1 351. - 347. 440, 1.4 0.4 7.8 1,285
183 25.4W.01.431 18.0 42, 44 9.5 33. 1.7 170. 4 36. 10. 0.7 -~ 8.7 263 22 (118) 94 96 63
213 15.1W.25.141 - 28. 75. 10. 93. - 207. - 182. 49. 0.4 - 7.4 726
24 3S.4W.11.321 14.0 46. 50. 5.1 12. 1.5 160. - 14, 5. 0.15 - 6.7 214 10 (140) 98 99 68
26 1S.1W.26.242 - 53 154, 43, 202, - 249. - 476. 148, - - 7.6 1,200
32 1S.1W.27.434 17.8 - 150. 31. 140, - 293, - 420. 92. - - 7.6 980
33 1S.1W.27.442 18.8 - 177. 41. 141 - 366. - 420. 128. - - 7.3 1,090
34 1S8.1W.27.444 8.8 26. - - 110. - 351. - 415. 102. 0.3 - 7.6 828
36 1S.1W.34.422 20.0 - 80. 15. 58. - 190. - 152. 52. - - 7.8 452
42 1S.1W.35.142 18.8 - 72. 26. 115. - 263. - 248. 44, - - 7.8 636
43 1S.2W.30.121 18.9 - 22. 6. 33 - 141. - 18. 12. - - 7.9 162
45 1S5.3W.12.131 - - 42, - - - - - 108. 60. - - - 2102
47 1S.3W.33.433 20.0 - 34. 8. 23. - 156. - 18. 14, - - 7.7 175
75 2S.1W.02.344 17.8 - 214 . 33. 179 - 430. - 560 88. - - 7.5 1,289
81 2S.1W.11.114 21.1 - 121. 26. 85. - 307. - 240. 64 . - - 7.7 690
96 25.1W.13.134 17.2 - 179. 42, 117. - 334, - 380. 144 - - 7.7 1,029
102 25.1W.22.141 22.8 - 67. 24, 96. - 224, - 240. 28. - - 7.5 5672
108 25.1W.25.123 - 38. - - 41. 4.2 192, - 195. 53. - - 7.8 427
125 2S.1W.35.221 18.9 33 41. 9. 26. - 150. - 48, 16. - - - 248 -
130 2S5.1W.36.134 20.0 - 38. 11. 45. - 176. - 60. 22, - - 7.6 264
147 25.1W.36.314 22.2 - 40. 12. 46. - 195. - 56. 22. - - 7.4 274
190 25.2W.18.112 20.0 - 34, 8. 32. - 181. - 20. 12. - - 7.8 196
192 25.2W.19.422 17.8 - 30. 9. 24, - 181. - 16. 14. - - 7.8 184
195 2S5.24.20.311 - 30. 52. - 21. - 172. - 20. 8.5 0.2 -~ 7.9 218
200 2S.2W.34.432 18.9 27. 66. 8.9 16. 1.6 220. - 16. 20. - - 7.6 266 10 (133) 75 79 44
202 25.2W.35.321 15.0 - 46. 3. 28. - 190. - 18. 12. - - 8.2 202
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Table 5 (continued)

>
o < &
NNB
concentration in ppm 4 [ v
Sample Sample Temper- . ) . y . . 1 Na-K-Ca o o «
Number Locaiion ature Sl02 ta Mg Na K HCO3 CO} ) SOA cl ¥ b pH DS B=4/3 p=1/3 & & ©§
203 25.2W.35.323 15.6 - 59. 9. 20. - 200. - 16. 34. - - 7.9 238
206 25.3W.01.322 22.8 - 26. 7. 35. - 161, - 18. 14. - - 7.9 180
208 25.3W.07.433 21.1 - 67. 15. - 10. 234. - 28. 20. - - 7.6 257
209 25.3W.11.333 20.0 27. 30. 4.1 19. 1.3 132. - 17. 4.4 - - 7.9 169 18 (124)
215 25.3W.24.411 - - 35. 9. 35. - 190. - 20. 14. - - 8.3 208
217 25.3W.25.133 - - 34. 11. 25. - 171. - 20. 16. - - 7.7 192
218 25.3W.27.223 22.8 - b4, 10. 18. - 166. - 22. 22, - - 7.8 199
221 25.4W.12.341 17.8 - 64 . 19. - 29. 244, - 64. 24, - - 7.1 322
227 25.4W.23.321 - - 67. 16. 25. - 229. - 32. 18. - - 7.3 272
354 35.1W.02.241 - - 98. 25. 115. - 310. - 292, 32. - - 7.6 717
362 3S.1N.02.441 - 48. 87. 23, 232. - 358. - 400. 70. 0.3 - - 1,039
367 35.1W.04.433 39.4 23. 68. 2.1 626. 38. 83. - 163. 945, 1.1 0.6 7.7 1,908 166 (146)
368 35.1W.07.314 16.1 - 83. 21. 53. - 224, - 152. 48, - - 1.4 469
373 35.1W.11.212 - 32. 65. 6. 38. 1.7 158. - 106. 16. 0.6 0.1 7.6 344
377 35.1W.11.214 - 35. 115. 13. 69. 3.4 220. - 228. 53. 0.5 0.2 7.2 627 29 (119)
436 35.1W.14.234 18.9 39. - - 43. 3.1 169. - 66. 18. 0.7 0.1 - 254Z
442 35.1W.16.323 - 27. 20. 4.6 56. 3. 163. - 36. 14. - - 7.6 2422 132 (55)
458 3S.1W.26.311 - 43, - - 191. - 162. - - 234, 0.5 - 7.6 5502
459 38.1W.27.331 - 38. - - 61. 3.2 225. - 113. 23. 0.8 0.1 7.9 352
462 35.2W.08.424 17.8 - 61. 8. 40. - 278. - 24. 14, - - 7.7 286
465 35.2W.23.123 17.8 - 50. 7.1 - - 180. - - - - - 7.6 1472
490 35.3W.23.221 15.0 22. 101. 14, 14, 1.2 338. - 49. 6. - - 7.7 376 X (121)
497 35.3W.25.111 - - 62. 12. 19. - 229. 5 34. 10. - - 8.5 254
498 3S5.3W.26.113 - - 54. 9. 15. - 188. 10 20. 8. - - 8.7 205
501 35.3W.34.332 - - 65. 10. 10. - 237. - 10. 15. - - 7.8 228
552 45,1W.23.121 - 38. - - 82, - 100. - 113. 154, 0.2 - - 4372
Notes: 1

Calculated

Major ions not analyzed; computed TDS minimum value

From Circular 124

Preferred value is underlined. x denotes calculated temperature less than 0°C.
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Canyon area, which is underlain by volecanic rocks of Oligocene and
Miocene age, has lower average TDS (261 ppm). At the north end of
the Magdalena Mountains around Granite Mountain average TDS is 324
ppm, which includes one wvalue significantly higher than the other
4 analyses.,

Curiously, very low TDS values are reported to the east in
the Strozzi Ranch area. The average value for 10 analyses is 188
ppm, and only 2 analyses are above 200 ppm. These are much lower
than either average values or the majority of individual water
analyses to the west; and they demonstrate that groundwater in the
Strozzi Ranch area cannot be direct, undiluted recharge from the
Magdalena Mountains, because it is hard to devise a believeable
process whereby low concentrations of calcium and bicarbonate ioms
can be removed from groundwater at low temperatures without abundant
development of travertine. Instead, groundwater in the Strozzi
Ranch area may represent a mixture of recharge from the Magdalena
Mountains with a more dilute component from some other source, as
is discussed in a later section.

Numerous analyses are available for water in the Socorro
Peak block. Average TDS is 295 ppm, and the lowest value for a
complete analysis is 202 ppm (well #202). These higher TDS values,
as well as groundwater flow patterns discussed in the section on
Direction of Groundwater Movement, makes it unlikely that recharge
from the Socorro Peak block causes the low observed TDS in the
Strozzi Ranch area.

To the north, a group of springs in the San Lorenzo arroyo
area has an average TDS of about 351 ppm. Springs in the La Jencia
drainage have very widely differing but higher (290 to 2,710 ppm)
TDS.

On the east side of the project area, wells in the Lemitar
area produce more mineralized water, with an average TDS value of
994 ppm. Somewhat better-quality water is produced in the vicinity
of Socorro between the Socorro Peak block and the Rio Grande, where
the average value is 558 ppm, although values as high as 1,154 ppm
are reported from this area.
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Composition of Dissolved Solids

Anion Composition

With very few exceptions, bicarbonate ion dominates the
anion composition of groundwater in the San Lorenzo and Socorro
Peak blocks and all areas to the west. Sulfate ion is commonly
3 to 10 times less abundant (by weight percent) than bicarbonate
ion, and chloride ion is insignificant. These relative abundances
are very typical of cool groundwater in this region, and in general-
typify youthful meteoric recharge.

Exceptions to this ranking for the western part of the
project area include well #367 on the east side of the Socorro
Peak block, where chloride ion dominates and bicarbonate ion is
relatively less important. Springs in the La Jencia area have
somewhat greater sulfate content, and one anomalous spring (#1)
has predominant chloride,

On the east side of the project area, many of the mineral-
ized wells in the Lemitar area have higher sulfate ion content
than bicarbonate ion, and one well (#5) has a relatively high pro-
portion of chloride ion. Wells in the Socorro area also tend to
have somewhat more abundant sulfate than the groundwater areas to
the west. At the south end of the Socortro area, well #522 has
dominant chloride. Sulfate may derive from weathering of volcanic
rocks or may come from gypsiferous or lacustrine or evaporite beds
of any period. Sulfated waters usually represent longer travel-
or residence~time underground than do the very dilute bicarbonated
waters.

Cation Composition

Calcium is by far the most abundant cation in ground water
on the east slope of the Magdalena Mountains and around Granite
Mountain. Sodium and magnesium concentrations are about equal,
with no strong trends recognizable in these data. Anomalously
high potassium contents are shown at wells #332 and #208; however,
few potassium analyses are available and the distribution of this
ion is not well known.

In the Strozzi Ranch area, calcium is the dominant cation
in all samples except #43 and #206, which have somewhat more sodium
than calcium. In all the other samples, sodium is the second most
abundant cation, and magnesium is much less significant. Similar
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patterns are observed in the La Jencia area, except that sodium
predominates in the anomalous water at spring #1 and also at
spring #3.

The group of springs in the San Lorenzo area show very
similar patterns of cation abundances. Sodium predominates and
calcium is second most abundant; the relative proportions of catiomns
are similar for all samples. These relations, along with fairly
similar TDS, suggest that the springs produce from a homogeneous
water source.

In the Lemitar area, the highly mineralized (IDS greater
than 1,000 ppm) waters show both calcium-dominated and sodium-domin-
ated compositions. Magnesium is a minor component in all cases
where analyses are given.

In the Socorro area, sodium dominates in all samples except
wells #373 and #377, which have higher calcium. In well #459,
potassium is listed as the second-most abundant cation but this
may be spurious, because calcium and magnesium values were not
reported in the analysis.

Whereas abundant calcium and magnesium characterize cool
meteoric waters, dominant or abundant sodium and potassium usually
are indicative of older, deeper-circulation waters. Chloride also
is typical of deeper and older sources, possibly including connate

waters in Paleozoic marine sediments and/or metamorphic water derived
from Precambrian- to Mesozoic-age rocks.

Comparison Between Different Areas

‘ Relative composition of dissolved solids of ground water
in the Socorro area is displayed in plate 10. These diagrams are
expressed in percentages of equivalents per liter, rather than
weight percent, and show more clearly the chemical characteristics
of the water.

Plate 10 shows that the cation and composite plots for
waters on the east flank of the Magdalena Mountains (Garcia Canyon
and Water Canyon areas) define a distinct field of values that is
different from all other groundwaters in the area. The anion com-
position of the east Magdalena water sources also forms a distinct
field, but it is overlapped by the anion composition of samples
from the San Lorenzo area.
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The anion and cation compositions of water samples from the
Strozzi Ranch area also form coherent fields, which are offset
slightly from the east Magdalena water sources, and imply that the
observed dissolved-solids compositions could be formed by enrichment
of east Magdalena Mountains ground water in chloride and sodium plus
potassium. This might come by upwelling of chlorided water from a
deeper source, which may be either thermal or non-thermal.

Samples from the Socorro Peak block show scatter in both
the anion and cation compositions and in overlap with waters from
other areas. However, the composition of water from well #367
clearly is anomalous, being more chlorided than any other sample;
its sodium-potassium content is comparable only to spring #60, which:
lies in the same geographical trend as the warm-water zone on the
east side of the Socorro Peak block (plate 9). Cook, Sedillo, and
Socorro Galleries and well #442 have closely similar compositionms.
Well #442 is 1 mile west of Socorro Gallery, but its temperature is
not known.

On the east side of the project area, the anion composition
of wells in the Lemitar area defines its own broad field, but the
cation composition is similar to many other waters.

Water sources in the Granite Mountain, La Jencia, and San

Lorenzo areas show much scatter of composition, indicating that
several different water types are present in these areas.

Mixing Models -

In this section, the groundwater in the Strozzi Ranch area
is discussed in more detail, and qualitative limits are set for pos-
sible inflow from a deep aquifer.

Five analyses for four springs in Jordan Canyon and Garcia
Canyon on the east slope of the Magdalena Mountains are given in
table 4 and summarized on plate 9, Averages of TDS and six major
ions are shown in table 6 (Composite A); this composition may be
taken to represent groundwater recharge from the northeast side of
the Magdalena Mountains to the La Jencia drainage area. As can be
seen from the water-table contours on plate 8, the recharge moves
northeast toward wells #217 and #218, and then probably to the north-
east or north.

The calculated -TDS of Composite A is 358 ppm, which is 80%
higher than that reported for wells #218 or #217, the sample points
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Major ion and TDS compositions of ground water and
calculated mixing components, east Magdalena Mountains

Table 6.
and Strozzi Ranch area.
HCO3+
Ca Mg  Na  _CO3_
- - in ppm—-
Composite A2 107 15 12 320
Well #217 34 11 25 171
Deep Component 3 9 31 107
at 70% of #217
at 80% of #217 16 10 28 134
at 90% of #217 26 11 26 154
Well #206 26 7 35 161
Deep Component 6 5 41 121
at 80% of #206
at 90% of #206 17 6 38 143
at 95% of #206 22 7 36 153
Well #43 22 6 33 141
Well #462 61 8 40 278
Composite B3 78 12 12 246

lCalculated

2Average of 15 analyses.

sum of the averaged major ioms.

3Average of 14 analyses.

S0 Cl TDS Water Type
41 8 358 Ca>>Mg>Na
HCO3>>S04>>C1
20 16 192 Ca>Na>Mg
HCO3>>S04>C1
11 19 121 Na>>Mg>Ca
HCO3>>C1>S0y
15 18 150 Na>Mg>Ca
HCO3>>C1>S0y
18 17 174 Na=Ca>Mg
HCO3>>S04=C1
18 14 180 Na>Ca>»>Mg
HCO3>>50,>C1
12 16 136 Na>>Ca>Mg
HCO3>>C1>80y
15 15 160 Na>Ca>Mg
HCO3>>50,>C1
17 14 170 Na>Ca>>Mg
HCO3>>50,4>C1
18 12 162 Na>Ca>>Mg
HCO3>>S04>C1
24 14 285 Ca>Na>>Mg
HCO3>>>804>C1
39 6 285 Ca>>Na=Mg
HCO05>>50,>>C1

Note that the TDS value is also an average, not the
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closest to the Magdalena Mountains, These wells are moderately

deep (420 and 280 feet, or 128 and 85 m, respectively) and the water
surface in #218 is 347 feet (106 m) below land surface; given the
aridity of the area, it is very unlikely that the lower TDS reported
here is caused by direct infiltration of precipitation.

Tables 4 and 5 and plate 9 show that groundwater in the
Strozzi Ranch area is somewhat enriched in sodium and slightly
enriched in chloride relative to groundwater in the Jordan Canyon-
Garcia Canyon areas. Such slight changes in relative concentrations
can be caused by ion exchange and absorption processes as the ground-
water percolates through the alluvial £ill; but the decrease in TDS
cannot easily be caused by such processes. The low TDS content is
caused either by mixing of recharge from the Magdalena Mountains
with groundwater of lower TDS, or having the wells in the Strozzi
Ranch area tap an unmixed aquifer not associated with present-day
recharge.

Table 6 shows the composition and calculated fraction of
theoretical mixing components which could produce the observed
groundwater composition from Composite A, These calculations are
intended only as guidelines, since no provision is made for any
change in the composition of Composite A during eastward percolation
through the alluvium. Also, no estimate can be made of reservoir
temperatures or the fraction of geothermal fluid that might be pre-
sent, as no silica or potassium analyses are available and thus
neither the SiOs nor the Na-K-Ca geothermometer can be applied.

It is uncommon for cool or warm groundwater in an alluvial
basin in an arid region to have TDS lower than 100 ppm; therefore,
this value can be taken as the lower limit of a potential mixing
component. The upper limit is the observed TDS at the wells in the
Strozzi Ranch area.

Table 6 shows that the observed water composition at well
#217 can be explained as a mixture of 70-907% 121-174 ppm water with
10-30% fraction of Composite A. The water composition at well #206
can be explained by 80-95% fraction of 136-170 ppm water with 5-20%
fraction of Composite A.

The observed composition at well #43 is so close to the
calculated composition of the deep component at well #206 that it
may represent this aquifer (TDS = 162 ppm) without admixture of re-
charge from the Magdalena Mountains or Socorro Peak block.
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Thus, the wells in the Strozzi Ranch area mainly produce
water with TDS 150-170 ppm, affected by some mixture with recharge
water of higher TDS. The low TDS water is of the sodium-bicarbonate
type, as is shown in table 6.

Water at well #462, in the south part of the Strozzi Ranch
area, may represent westward groundwater flow without mixing with
another water source. At 286 ppm, the TDS of this sample is lower
than some analyses of springs and well waters in the Magdalena Moun-
tains, but arithmetic averages of TDS and of the six major ions of
all water sources in the Water Canyon surface-drainage basin gives
results closely comparable to the composition at #462 (table 6).

Geothermometry

Silica Geothermometer

Generally low values of silica were found in the available
analyses (maximum 53 ppm for well #26); and correspondingly low
reservoir temperatures are calculated (table 4 and 5); but these
should be used with caution because low concentrations of silica
may be metastable.

Reservoir temperatures that assume equilibration with quartz
show no significant difference between calculations for conductive or
adiabatic cooling of the water. Calculations assuming equilibration
with chalcedony gave lower results, and calculations assuming equili-
bration with amorphous silica gave unreasonably low temperatures
(less than observed outlet temperature) and are not considered further.

The highest calculated temperatures are 201-210°F (94-99°C)
for wells #18 and #24, which are on the northwest side of the Magdalena
Mountains. In the Socorro area, one well (#377) has a calculated
temperature of about 190°F (88°C).

Many wells, including #367 and #442 in the Socorro Peak block
and #200 and #209 in the Strozzi Ranch area, have calculated tempera-
tures in the 167-174°F (75-79°C) range. Of the thermal springs, Cook
Gallery and Socorro Gallery also yield reservoir temperatures of 167-
174°F (75-79°C).

Alkalai Geothérmometer

Because relatively few of the available analyses give potas-
sium values, the Na-K-Ca geothermometer described by Fournier and
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Truesdell (1973) can be applied to only a few data points. Results
are given in tables 4 and 5.

The highest computed reservoir temperature is 295°F (146°C)
for well #367 on the east side of the Socorro Peak block, which is
very much higher than the 156-165°F (69-74°C) computed by the silica
geothermometer for this sample. The disagreement may indicate that
a thermal component has mixed with cool, dilute water to yield lower
silica concentrations and consequently lower calculated reservoir
temperatures. However, this is speculative.

Reservoir temperatures calculated by the Na-K-Ca method for
Socorro, Sedillo, and Cook Galleries and well #442 are 122-158°F
(50-70°C), very close to the results calculated by the silica geo-
thermometer. This close agreement plus their low observed TDS,
argues strongly against mixing of a thermal component with dilute
groundwater. Instead, the water issuing from these springs appar-
ently last equilibrated at temperatures considerably below 212°F
(100°C).

Anomalously low (from less than 0 to 14°C) temperatures are
computed by the Na-K-Ca method for springs #47-54 and #04-19 in the
Magdalena Mountains. These very low results probably represent dis-
equilibrium conditions, where cool groundwater either does not reside
at depth long enough to reach thermally appropriate chemical equili-
brium, or obtains excess Ca and/or Na from connate waters or evapor-
ite beds.

Zones of Thermal Water Circulation

Available hydrochemistry and hydrology indicate that the
most marked zone of thermal water circulation occurs along the east
side of the Socorro Peak block. This includes Sedillo, Socorro,
and Cook Galleries, as well as well #367 (plate 8). To the north,
data are scanty, but the relatively high temperature gradients re-~
ported in holes B15 and B9 may indicate similar warm water circula-
tion. As can be seen from plate 1, NNW-trending faults along the
east side of the Socorro Peak block may provide permeable channel-
ways for the thermal water.

Elsewhere, very mildly warm water (90°F, or 32.0°C) is moving

at a depth of 1,391 feet (424 m) in hole B40 in the northern Chupadera
Mountains. In the southern part of the Socorro Peak block, well #442

- 33 -




901 MENDOCINO AVE.
GeothermEx, Inc. serkeLEY, ca 94707

JAMES B. KOENIG (415) 524-9242
MURRAY C. GARDNER (503) 482-2605

has hydrochemical characteristics similar to the thermal springs
one mile east, but its temperature is not known.

Of the available temperature and hydrochemical data, only
well #367 in Sec. 4, T. 3 S., R. 1 W. gives any indication of a
thermal component in excess of 212°F (100°C). The anomalous TDS
and high reservoir temperatures calculated for this well by the
Na-K-Ca method indicate the possibility of a deep, hot component
in the water. However, single-point anomalies are as questionable
and as subject to misinterpretation in hydrochemistry as in any
other kind of survey; and without supporting data, it cannot be
concluded that a strong hydrothermal anomaly has been demonstrated.

The thermal waters at Socorro, Sedillo, and Cook Galleries
are weak features. Their very low TDS, relatively mild tempera-
tures, and low (122-158°F, or 50-70°C) calculated reservoir temper-
atures, which were derived by both the silica and Na-K-Ca geothermo-
meters, can all be explained by circulation to modest depth in a
background temperature-gradient regime of 1.7°F/100 ft (30°C/km).

The source of recharge for the water of Socorro, Sedillo,
and Cook Galleries has not been determined clearly. TDS is some-
what lower than in most analyses in the apparent recharge area, the
Magdalena Mountains; also the composition of TDS is somewhat differ-
ent. However, the springs cannot represent water from long-term
storage, because tritium (3H) concentrations in Socorro Spring
waters during the period 1957-1959 show sharp increases, apparently
representing precipitation contaminated by hydrogen bomb tests no
more than 4 years previously (Holmes, 1963). As was discussed in
the section on Recharge, the Socorro Peak block apparently contri-
butes little recharge to the groundwater system.

Therefore, the thermal springs at Socorro represent ground-
water which has moved relatively quickly from the Magdalena Moun-
tains and been warmed to a maximum of about 158°F (70°C). Surface
elevations highlighted on plate 8 show that this path is reasonable.

The zone of deep water upwelling postulated for the Strozzi
Ranch area, on the other hand, may represent movement from long-term
storage. The water appears to be cool, since subaverage temperature
gradients and heat flow are observed in this area. Very slightly
warm temperatures for the given elevation are reported for wells #190
and #206 (68~73°F, or 20-23°C), but sampling conditions are unknown
and sun-warming of the water or other spurious effects cannot be
ruled out.
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DISCUSSION

The Socorro area has been mentioned widely as an attrac-
tive geothermal prospect. The principal lines of evidence for
supposing the area to have good potential are: seismic evidence
for present~day midcrustal and shallow magma bodies, reports of
high regional heat flow (greater than 2.5 HFU) based largely on
two very high measurements at a single locality, Tertiary rhyolitic
and basaltic volcanism and possible caldera formation, thermal
springs, and modern faulting and deformation.

However, the proprietary temperature gradient and heat flow
data of Gulf Mineral Resource Company and Sunoco Energy Development
Co. suggest average to subaverage temperature conditions at depth.
When integrated with published data, no potent heat source or strong
hydrothermal convection system can be identified. In fact, if such
heat sources or convection systems are present, they are weak enough
to be effectively masked by moderate volumes of circulating cool
groundwater,

"The lack of favorable temperature data calls into review
the three basic components of a gecthermal system: heat source,
reservoir, and water as a medium to transport the heat.

Heat Source

Unlike most geothermal prospect areas, the Socorro region
has direct evidence of present-day magma in the subsurface. The
seismic data unequivocally show a zone of low rigidity, which appar-
ently can only be liquid magma or a zome of partial melt, at a depth
of about 12 miles (19 km). However, the immediate project area is
not unique in having this magma body, because the well-known low-
rigidity zone extends at least 35 miles (56 km) north of Socorro,
and another low-rigidity zone at comparable depth recently has been
recognized 15 miles (25 km) east of Socorro (Olsen et al., 1979).

That these magma bodies are quite recent seems likely from
the fact that they behave as partially or entirely liquid, despite
being very thin (average about 3,000 feet, or 1 km) compared to
areal extent. Conversely, relatively recent intrusive bodies may
be present, which have solidified but still are hot. Such bodies
would act rigidly to seismic waves and might not be detected in
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these studies, depending upon assumptions made regarding deep
crustal density.

The existence of present-day magma at mid-crustal levels
does not guarantee that enocugh heat is present at shallow crustal
levels to drive a significant hydrothermal convection system.
First, if the mid-crustal magma bodies have been injected recently,
there may be a substantial time lapse (tens of thousands of years)
before heat moves by conduction from 12 miles (20 km) to 3 miles
(5 km), where large-scale interaction with groundwater could take
place.

Second, even if equilibrium conductive heat transfer has
been established by earlier intrusions or if the general isotherms
at 12 miles (20 km) depth are near 1,800°F (1,000°C), the regional
conductive temperature gradient would be about 2.8°F/100 ft (50°C/km).
Gradients of this magnitude are not unusual, and unless hydrologic
convection is available to transfer the heat to shallow levels, a
moderately high temperature gradient like this does not guarantee
an attractive target. In such conductive heat transfer conditionms,
holes would need to be 10,000-13,000 feet (3-4 km) deep to reach
temperatures in the 300-400°F (150-200°C) range.

In other geothermal areas, young (less than 1 m.y.) silicic
volcanics or very young (less than 0.1 m.y.) basaltic volcanics
have been cited as evidence for shallow crustal igneous bodies that
may act as heat sources to geothermal systems. In the Socorro area,
the youngest known rhyolitic units are 7 m.y. and the youngest basalt
unit is 4 m.y. These are much too old to affect the present-day
thermal regime. :

Small shallow magma bodies postulated to exist in the south
part of the Socorro Peak block from microseismic data are thought to
contain very small fractions of magma; their influence on hydrothermal
circulation is moot.

Water Circulation

In almost every geothermal system discovered to date, the
local or regional groundwater area shows distinctive chemical pat-
terns reflecting the influence by a high-temperature regime at depth.
This influence may appear also as elevated temperatures of springs
and wells and in flow patterns that show upwelling from deep sources.
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Much information has been developed for this report on
the flow patterns and chemistry of groundwater in the Socorro area,
but no strong thermal component has been identified with assurance.
Only well #367 on the east side of the Socorro Peak block with Na-Cl
type water, has a good possibility with evidence of having equili-
brated chemically at temperatures above 212°F (100°C).

Conversely, of the recognized thermal springs near Socorro,
their temperature, composition, and TDS is entirely consistent with
modest warming by circulation to moderate depth under a temperature-
gradient regime of only 1.7-2.8°F/100 ft (30-50°C/km). This is
compatible with the deeper temperature gradient data used in this
report. Other authors have suggested that these springs are a priori
evidence of a geothermal system; detailed hydrology and hydrochemistry
shows this assumption to be unconvincing.

Evidence of deep water circulation was found in the La Jencia
Creek~Socorro Canyon area on the west side of the project area; but
the hydrochemical, temperature gradient, and heat flow data imply
that this circulation is of subaverage temperature, representing
rapid flow through porous rocks at depth, without thermal re-equili-
bration. This tends to discourage further exploration efforts in
the area.

Reservoir

Reservoir potentially is present beneath many parts of the
Socorro area, especially as the Paleozoic limestones could have both
fracture and solution-cavity permeability, and virtually all of the
units except the fine-grained Popotosa formation could support frac-
ture permeability.

However, pending determination that significant thermal water
is present, the question of reservoir cannot be discussed in detail.

CONTINUED ACTION

It can be expected that various academic or institutional
researchers will perform further seismologic and geoelectrical
studies of the probable magmatic zone. These studies may help to
resolve questions of dimension, exact location, fluid percentage,
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temperature and deep roots of the presumed magmatic bodies. Similarly,
there may continue to be hydrologic and/or hydrochemical measurements
of particular springs or well waters, in the attempt to identify gases,
solutes or isotopes of magmatic origin. Despite the detailed geologic
mapping that exists in the Socorro area, a broadly acceptable geologic
picture is not yet available.

Briefly, further geologic mapping in the region is needed
because identified faults do not agree with the boundaries of presumed
Tertiary volcanic cauldrons, and because the resulting cross-sectional
structure is contrived and unconvincing. Indeed, decent subsurface
geology would require both deep drilling and detailed seismic reflec-
tion surveys, both of which are very expensive, and are not likely to
occur unless the geothermal prospect is upgraded by work presently
underway. Complexity of the subsurface section, and the probability
of encountering high-velocity units at variable (and possibly shallow)
depth, tends to preclude active seismic profiling at this time. Cost
alone would argue against such a study.

The value of shallow gradient drilling accomplished to date
is clear. However, further shallow drilling is likely only to add
detail to a picture that already is obvious, and not to resclve the
deeper regime. Deeper drilling (say to 2,000 or 2,500 feet) will be
expensive and complex because of widely varying lithologies and aquifer
characteristics at depth, but such drilling offers the only immediate
potential for: (a) resolving questions of deep hydrologic flow and
temperature, (b) determining deep temperature gradient, and (c) ob-
serving deeper geologic structure and stratigraphy. However, there
is no assurance that holes even to 2,500 feet will penetrate beneath
the principal meteoric-recharge aquifer. That is, holes to 2,500
feet may observe only another portion of the aquifer-aquiclude system
represented by alternating isothermal and high-gradient zones.

Costs for such holes, at an average of $40 per foot, might
be $80,000 to $100,000, exclusive of permitting, data evaluation and
management. The value of data to be obtained must be weighed against
other budgetary considerations, and against the less-than-first-class
nature of the prospect.

If no deep gradient drilling is done, the project probably
will remain in a second-class limbo: not abandoned, because of its
apparent magmatic heat source, but not attractive enough to do more
than pay yearly rentals. The property under lease might best be
handled through a farm-out operation, with the recipient obligated
to drill a series of 2,000-2,500 foot gradient holes. As mentioned
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above, the apparent magmatic heat source precludes full abandonment
of the prospect at this time.

Should deep gradient (2,000-2,500 feet) holes be considered,
it is recommended that at least two be drilled. Reasonable locations
for these would be:

a. near S8, in S-1/2 Sec. 11, T. 3 S., R. 2 W,

b. on the east side of the Lemitar Range, in Sec. 18
or 19, T. 2 S., R. 1 W,

Along with this gradient drilling, or immediately preceding
it, additional geochemical prospecting would be useful in the Socorro
Peak-Strozzi Ranch area. This would have as its aim: obtaining com-
plete chemical analyses for those waters with only partial analyses,
obtaining chemical and isotope data for possible magmatic constituents
(H2 and NHj3 gas, isotope 345), recognition of possible connate-water
aquifers (Br/CL ratio), and improved geothermometry (Na-K-Ca, and 07
isotopes in SO, iom).

Cost for such detailed work might run $30,000 complete. It
would be warranted only if a decision were made to continue detailed
exploration, leading to deep drilling. If a magmatic source were
recognized in spring or well waters, a re-interpretation of thermal
regime (and possibly of drilling strategy would be called for).

Re—interpretation of structure and subsurface relationships
would await results of deep gradient holes. Again, only if magmatic
emissions were recognized through hydrochemical surveys would it be
advisable to begin remapping of the Socorro-Strozzi Ranch block prior
to such drilling. Cost for this would vary with size of map area and
required detail.

Should drilling to 2,000-2,500 feet, or further geochemistry,

reveal a surprisingly strong anomaly, improvement of existing land
positions would become the major objective.
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APPENDIX A

Temperature profiles of gradient holes,

Socorro area, New Mexico.
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HOLE NO. S-77-A20o

B FIOLD DATA sHaxT RUN NO. __#ABD
. ) A 2/6/77
8/ TEMPERATURE DATE
SURVEY START /120 __
, | : , CEND )1 95
HOLE NUMBER.S=77 820 tp_ 270 SENSOR SERIAL NO.
REFERENCE MAP T-21 OPERAT%R
REMARKS _ /78ANDODMeEnT S ukrey STUDD A VSeAT
Pt omz Yy cou s
FT.| KN °F FT.] KN oOF FT.| K. °F
10 | 20.56 L8266 | 280 550
20 | /2443 G106 | 290 560
30 | /24. 64 6706 300 570
40 | /2137 4s.0f | 310 | 580
50 | /%12 4404 | 320 590
6 | /1527 &5, | 330 600
70 | /2.9 71694 340 610
80 | /2¢.75 NSO "350 620
80 | /5. 4¢ 73.21 380 630
100 | /07 .4% 7<¢-39 | 370 640
110 | 9¢.¢5 75.3] 380 650
120 | 47.7) 75.21 390 860
130 | ff.op 76.0t 400 670
140 | 97.¢40 76-32_ | 410 680
160 | $4.97 76-57 | 420 690
160 | 96 <5 70.04¢ | 430 700
170 | 9¢.0f .l | 440 710
180 | ¢ 5L 76.5¢C | 450 720
190 | G#.5F 273 | 460 7%
200 | $Y¥.5C 2745 | 470 740
210 | 42.47 77.8| 480 750 i
220 | {49 19.6(_| 490 760 - |
230 | 75./4 79.0/ 500 770 |
240 | 474y 7%.3/ 510 780 |
250 T 620 790 )
| 260 530 800 l
270 540 ‘810 ;
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PRELIMINARY PROFILE
SAN DIEGO, CALIFORNIA
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FIELD DATA gHaaT

TEMPERATURE
o SURVEY

HoLE Numeer S-77-R2  1p_380’
REFERENCE MAP 77

REMARKS __ “1BANDIOMLN T guevg/,/

HOLE NO. S “77-Ra)
RUN NO. __#-46D
DATE '/1/101/717
TIiME: !

START 790 24
. END __7:3¢ P4

SENSOR)EERIAL NO.

OPERATOR
TJubd MuS g

;=-r. K oF FT.| KN eF FT.| KM °F
10 | 7322.60 6997 | 280 | 1yy-G¢ (/.57 | ss0
20 | /100 519 290 | /9463 b1 57 560
30 | /287 oot 200 | %27 6l-&l | 570
a0 | /$1.0] cooyf |30 | 19449 Gt 7L 580 |
50 | /45.53 L0.39 | 320 | IHtey Gl 75 590
80 | J+5.50 £obf 330 | /v35S | &.19 | 890
170 | 74727 60.So 340 | /43.62 &/-P¢ | 610
8o | #7.6/ Loy | 350 | 143.3 618 | 620
80 | /#9726 Los¢ | 380 | 4341 | 4i.17 630
100 | /%6.99 6103 370 | /¢t.0¢ Gr-74 | 640
mo | /4,98 | ¢ro7 | 380 | /4263 | 6273 | 880
h20 | /hsy, | G2 390 660
130 | /4637 AN 400 670
40 | /%27 ol-20 410 630
l1s0 | /455 G- 21 420 690
1160 | /46 (¥ 6121 430 | 700
170 | /46 (¢ AN 440 710
180 | 1454, L1219 450 720
180 | /45 | Grr2- 460 730
200 | /460 | iz | 470 740
210 | juscor | brae | 480 750
1220 | j9¢. <3 ((-3¢ | 490 760 -
230 | jysd¢ | £1.3G | 500 770
280 | 144 30 Li-4| | 810 780
250 | 14547 | -9 520 790
1260 | 14511 b1y 530 800
270 | 145.0L| (15U | s40 810

|
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HOLE NO. _S-77-822_

FIRLD DATA gHIGET RUN NO. . % "ABD
TEMPERATURE pate /0S5
TIME:
SURVEY STA'RT/I/'/.’L@(E'
END _/7°
noLe numserS=1152L 1 6/ / SENson;s?émAL NO.
REFERENCE MAP ___ S~ 77 | SPERATOR
REMARKS _Z2AND00ME T §UQ\/5>[ TUDD MUSLAT
FT.| K °F FT.| Kn oF FT.|] Kn °F
10 13D 64.06 280 550
20 | /¥3.09 61-54 290 560
30 | /Y7 H &o. 49 300 570
40 | 798. A4 60 -6g | 310 580
50 | /97.77 6O. e A | 320 590
By /7G| ) o5 | 30 600
70 |7p 4/ 340 610
80 350 620
80 380 630
100 370 640
110 380 850
120 390 860
130 400 670 |
140 410 680 (
160 | 420 890 ]
160 430 700 |
170 440 710 |
180 450 720 [
190 460 730 |
200 470 740 |
210 480 750 )
220 450 —— |
230 500 770 |
240 510 280 |
250 520 790 |
260 530 800 ,
270 540 810 |
|
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FIRLD DATA agHEET

HOLE NO. 5-77- b 23
RUN NO. _ 4 - A8D

pate _4/7/77

TEMPERATURE  |oa
SURVEY START _ 5725 am
- END ?'-Q'S' A
HOLE NUMBER 5-1N-b1 D 300! SENSOR SERIAL NO.
REFERENCE MAP S -77 OPERATg
REMARKS ALALTORN e T QDR vey Twpp AlskgT
i|:T' Ko, oOF FT. K I oF FT. K. o
o | 73593 63¢6 | 280 | 129 4x 6S 6 550
20 | s94.0¢ 62.2) | 200 /26 6s -5 560
30 | /728 S5.97 200 | /27.94 461 570
40 /6€0./0 60.26 310 580
50 | /2% 60 7> | 320 590
o | /4702 6r-0o | 330 600
70 | /4603 61.23 340 610
B0 | sv5.27 Liys | 380 620
o0 | ‘94 61.39 360 630
00 | /43,70 Cl. 9% 370 640
110 | /4300 620/ 380 6850
120 | /92./9 6222 | 390 880
130 | /4133 6Z v¢ | 400 670
140 | /9044 62.62 410 680
160 | /2427 4z.92_ | 420 890
160 | /3900 63.02 | 4 700
170 | 738.31 63.22 | 440 710
180 | /37.6L 6344 | 460 720
80 | /36 .44 63 -6l 460 730
200 | /56.0% b3 %) 470 740
210 | 13<.47 43 49 480 750
220 | /34.4,3 b4.22_ 490 760 °
230 | /23,97 644§ 500 770
240 | /3352 -7 510 780
250 | 721.9 Ly:G | 520 790
280 | /31,3 6S.17 530 800
270 | 120.54 65 4 540 810

'AGE 1 OF

JANUARY, 1976
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= HOLE No. S~77-F
" FIELD DATA SHEORET RUN NO. __ 248D
8/ TEMPERATURE |41
SURVEY STA'RT__?_S’EDO___
‘ END -
HoLE Numeer_S77-FL__ 1p 320 d SENSOR SERIAL NO.
REFERENCE map _ S 77 ‘ orERATOY,
REMARKS __ ABANDDMEAT— S 8 YEY DD MUSI4T—
-/
o P KL OF FT. K N OF FT. K1 oF
10 | /340¢ by.35 | 280 | 1220, | 66-77 | 550
20 | /3. K% 63.(0 290 | /2487 | 61X 560
l3o | 1¢2%2 61-8) 00 | /23, 7¢ L7-32 570
la0 | /Jyc.pf 41.% 310 | /2z.49 t7-855 | 580
50 | /4447 /.S~ |30 | n23z.33 | £7.7¢ 590
80 | /Y26 62-02 | 330 600
70 | /9).9¢ 62-29 | 340 610
80 | /40.€2 (2.s6 | 360 620
90 | /35.70 625 | 360 620
100 | /F (¢ 63-0/ 370 640
110 | /28.0/ 6230 | 380 650
120 | /32.3) 63 4< 330 680
130 | /3654 63.90 | 400 670
140 | /2€.57 EX34 410 680
160 | /3¢ 0f Gie(( 420 690
180 | /3242 -3/ 430 700
170 | /33 g2~ 61.53 | 440 710
180 | /%2.56 0Y.7¢ | 450 720
180 | /3162 6956 460 730
200 | 13022 (< | 470 740
210 | 120.%0 bs-2¢ 480 750
1220 | 13,04p b$- Y% | 490 760 °
1230 | /29.¢3 bS$bY | s00 770
290 | 129.04 (5.4 | 810 780
1250 | 127 30 Lb- 520 750
260 | /720 -6€ b1 630 800
l27o 118 -y G670 540 810

’AGE 1 OF

JANUARY, 1976
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3 HoLE No. S 77 =F3
T FIELD DATA SHaET RUN NO. Z?—/?BD
&3 , W57
TEMPERATURE pate /7]
SURVEY " AR (25
S7-F3 286 /  END L2

HOLE NUMBER' TD SENSOR s§§IAL NO.
REFERENCE MAP __$-77] | OPE,BATO
REMARKS _ARAoptin S (}Q\/e>/ @0/71 (KKEGT

{T. K. oOF FT. KN 9F FT.|] K °F

| 48.% pr.oe | 280 | 3c.cp 63R2 | 550

b | /422 604 . | 2807] /3§.%2 £3.92 | 560

) | /533 <749 | 30 | 24" 7op. 570

) | Jecsp s¥9¢ | 310 580

) | S48 £9.29 220 590

) | /529y <7.¢3 | 330 600

v | sysg 5596 | 340 610

2 | 14477 60.33 | 350 | 620

o | sye2¢ | 60.9¢ | 380 630

0 | /46.8¢ tLo-so | 370 640

10 | /4023 6).2p | 380 850

0| K70 b1 B¢ 390 680

0 | it99C | brLe | 400 670

0 | /437 b1 €3 410 680

50 | /43 42 b1-Go | 420 690

50 | vz br.or | 4% | 700

fro 142,18 62.22-| 440 710

0 | M-06 b1 .35~ | 450 720

0| 14112 6l-49 | 480 730

0| /to.p2- | 2.0z | 470 740

10 | /40.02 b1.7¢ | 4s0 750

20 | /29 yp 62.9¢ 480 760 °

530 123 .83 % 04 500 770

0 | /33,23 4325 | B10 780

50 | 137.04 &3 20 520 790

50 | 1372 ¢354 | 530 800

70 | /3¢-5% b3- 6% 540 ‘810

\GE 1 OF

JANUARY, 1976




=18

It - RN _ -r:sxig NN
- nEn n 1 — lv‘j‘
N 1T L
(=] > ~r{=
En JR O ) Y S % ] = ..IA. -
-~ T . .- _ |-
llllll - - s . 71 1 11 [-] (7. -
N ot
ARENEN )
M ©o
3F gt I > T
3 £ “m..w_‘s-
! T B sEl
N [ N = |
el O - . -
o D 8 g R
g EeT
gl | ey
2 Jme wo Il
L u Sz N
Slw qD 3T
mun wl - == o < |4
— — _nh o - < ES'I!
A+ 111 H'E £ 45 & I
EREEEERE N
® |-
- -
A i
- -4 S-H a L L O O
_ n 1 -H-H |
2 L -1~
R o - b PR
i - S
_ i - T
ok B - L ettt
T« qrajar 4RI T
.y : inan | |
N NENEE
3 5 T R
EAHA ) AL mEEEERE NN -
] - -+ HE R i 7
AEEERREN HHLE
1] A BE
3 AEEEEE al i I L 0 O L ) S 0 0 LS O O,
B e SR AW SuEpRNEN s B O O O O O RRNEARREN
- AREEREEERN AR ] RN = - -
o_| i} |




HOLE No. $-77-F4
FIELD DATA S HOEET RUN NO. 4 -ABD
TEMPERATURE DATE _L/7/1]
TIME:
SURVEY STA'RT//Z"S;OM-«
END W
HoLe numeer 577717 F4 1o _3<] SENSOR SERIAL NO.
REFERENCE MAP _ 5 -77 ==
OPERATO
REMARKS __AA90D00mMenT™ ServEy ~Joop (Tdfar—
!r. K oF FT.|] KN oF FT.| K. o
/3% 63.2¢ | 280 | r/ivc | czw0 | ss0
7955 60-%0 | 290 | 140.99 62-<3 560
|| 7ss26 cs %5 | 20| rv0.q tz.67 | 570
) /SG-25 $E 52 310 /36.6¢ 62 R0 580
| /S48 $920 3200 /35.90 62.¢9 590
| /53 0¢ ST.8¢4 330 | /57D 600
| /51,51 {7.€3 340 610
1 s £0-0f 350 620
| /sog 60./7 | 380 630
| 6oy 60.2/ | 370 640
) | J#5 29 Lo, | 380 850 |
) | so8 bo4 | 30 680
) | 7.8 Lo-§0 400 670
Y | 1 9¢ 60.89 410 680
| ik to56 | 420 690
V| 14677 6107 430 700
V| Mu s | sy 440 710
V] .ox 61232 450 720
NI 6/ 34 460 730
V] oy bl-vs~ | 470 740
V] ipt9y b€k 480 750
] /9437 A 480 760 -
| /935, | 6199 | 50 770
| g bi.2g 610 780
1] g bror | 520 790
kS b2.1% 630 800
‘{ 141.61 61.2¢ 540 ‘810

|

E10F
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!PAGE 1 OF

HOLE NO. P :O
FIDLD DATA GHORZT RUN NO. -3
TEMPERATURE | oare_tfz2e/7e
SURVEY START 1243
' / END __1S00
HOLE NumMBER — £ 3D 0 _H20 SENSOR SERIAL NO. _
REFERENCE MAP (=T ¥ g;ggﬁ.@;"”w'dﬁ
REMARKS 2210
|FT.|] KL oOF FT.| KN oF FT.| KL oF
[ 10 119607 | 40.22 [ 280 [139.69 |1,2.74 | 5% |
[ 20 (1463 | 2. 66 | 290 13%.75 | LR,a9 | 560 |
30 [\R%.37 1¢=4. 69 |30 137,84 | (,9,23 | 570 |
80 | 157, B3 | (24,29 | 310 12714 | 9. 42 | 580 |
s0 | 157, 25 | (¢4, 35 | 320 ||13L. 43 | (8,672 | 59 |
80 | 156, Hb | LY. 54 [30 [(25.7% | (a.50 | 60 |
70 | \R5 . VO] 4. K5 | 340 |15 ,723 ] (,9,.9Y4 610 |
80 | 5y, 27 |65.04, |30 132 85 70.33 | 620 |
90 | 155.1% | H-4.%Y [380 | 133,24 [ 70.30 | s |
100 | 14, 2% | %25 05 | 370 (132, 4% | 70, 72 | 640 |
110 A (S, RG 380 113}, 71 70.97% 650 [
120 [ 152.65 |6S.H4 | 380 [120.99 | 7). f4 | 880 |
1130 | 151, %lp | (63.6H | 400 [130,3y4 | 71.33 | 670 |
| 140 1 190.065 [(5.92 |40 [129.40 | 71,0 | 680 i
10 [1U8.,0S [k, gn | 420 [123. %1 | 71,78 | ee0 |
180 [\UA. 09 | (hlp. 2% |43 | | 700 |
170 [1U7 (07 | bl U2 | 440 710 |
[180 [|HS.05 | bb.5F | 450 720 |
1180 [\47. 04 [ 6. TR | 460 730 |
1200 | 1U(n.31 [T, 01 | 470 ] 740 |
2210 [lus 29 | (51,28 | 480 750 |
I 220 ‘U“_\ ‘["Ql &371 L'IZ 480 760 ° i
{ 230 |\U3, 77 (57 (s 500 770 |
1260 |14y=2.28 [-7.79 | s10 780 |
"b50 (142,30 (%04 | 520 790 |
200 |1yl Yd [6%.27 | 5% 800 |
[270 | 1u&. 5Y |HT.5] 540 810 ;

JANUARY, 1976



DEPTH (FEET)

1 Lt 11 Lead V4OV 8 Sl 0N e ~ -
[
40 58 63 7 8g 97 183 1i
g 1 1 ) 1 1 1 1 i i 1 1 1 14 T i ] i V i i T 1 1 1 I i i
- ¥ ‘GRADIENT INTERVAL 18- 418 FT -
- CRADIENT = 2. 18 DEG F/184 FT -
- CALC SURF TEMP = 62.9 DEG F
- RUN 3 .
58 :
- % -
198
i ﬁ- i
150
= % B
200 s
259 |
i -
- -
309 J
: § ]
3 4 :
~ -4 |
359 |
) ]
a ]
| -1
409
! \; D = 428 j
| EQUILIBRIUM GRADIENT FEET {
. GTS HOLE NO. 1-78-B30 BHT=71. 78 |
i DEG F |
gl 428078 ;
i ]
| GEOTHERMAL SERVICES, INC. ]
| SAN DIEGO. CALIFORNIA J
oy 1 1 1 l ! 1 i 1 [ 1 1 1 1 13 ] 1 1 1 11 1 1 1 1 i 1 1 1 [




HOLE NO.

“:'
-
J

PAGE 1 OF

FICLD DATA OHEET RUN NO. 2
TEMPERATURE ate /22 /75
TIME:
SURVEY START 430
- , END __[SHC
HOLE NUMBER - Al T __C& SENSOR SERIAL NO.
REFERENCE MAP -75 Lo fDAINT T O
OPERATOR
REMARKS Dlee ot 2957, 3107 L Weh
: 4
FT.| K. oF FT.| Kn o FT.| KM °F
10 | 171,22 | (el H 280 | 13¢-. 1) | £.9.0,9 | 550 |
20 154, & (03,5 290 | |35 14 (9,97 560
0 | \Ry. i | /3 u? 300 [ 134,57 | 94,13 | 50 |
|40 | 135.%9 | (4.7 | 310 |123,R06 ]| 70,33 | 580 |
50 | 158 15 | (.4 25 | 320 !v._ TH | 70 (o] | 590 |
80 | 1= s (i, <17 | 330 | 137, 07 96,2 2 | 600 |
0 [ 152.0C | /,5.12 | 0 \%! 35 71,04 | s10 |
80 | 1554 | ¢.5.23 |30 [1720.32] 7/,24 | 20 |
50 \57 Uo | (,5.37 | 360 |129.27 | 71,054 | 6% |
100 2,006} #5.5% 1370 [ 12%.50 | 7. X7 | 640 |
110 mr o | fe57] 380 | 127067 | 72,1 | 660 |
120 [ 150 o2 ] 725,84 [ 30 [ 136 Q4 | 72,50, | 680 |
130 | 15,53 (6.0l |00 | 125,75 72.0% | er0 |
140 | |45, 30 | e % [ 410 | 125,13 2,57 | 680 l
180 | 14X, OF [ ftn. 44 [o20 | 124.15] 73.17 | eso |
160 | 07, Ra] 702,75 [ 420 | 127,30 73.42: | 700 |
170 [ j2¢n, 25| (oin, 4G [440 | 192,04 73.0.2.] 110 |
180 | a7 (,7.15 |40 | 121,71 | 73,97 | 720 |
190 | 1us. 0% .7, 72 Jae0 | V28,90] 24, I/z] 730 |
200 | uc 10| (r7. BE | 470 | 12c.0F IH.45 | 740 |
210 | yu=3, 1= | (b7.82 | 480 | 1,44 | 74, Y | 750 |
220 [ (w2, 00 | %10 |40 | 1R 56| 74.91 | 780" |
230 | (U7n.97 | (5.0 [ 500 | 117,80 95 .06 | 770 |
200 | yup . C¥ | /~R.{~27| 510 780 |
250 '_ 29 0ol ST | 520 790 |
260 Y| ra. 13 | s2 800 |
270 | ':_.'.’ O] A2 HA | 540 810 ,J

JANUARY, 1976
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1®-27

. HOLE NO.
FIELD DATA OHEOT RUN NO. (=
TEMPERATURE DATE 213 AP 5
TIME:
SURVEY START 5L A
- END __2:454
HOLE NUMBER _13%-3% 0 _4%° SENSOR SERIAL NO.
REFERENCE MAP /=7 OPEROA""T‘OL*:} 22
REMARKS WaLeER A,
|
FT.| KJ OF FT. K N = FT. K OF
10 | /24,25 | ¢2.60 | 280 | |4yz.9] 6?9/ 550 |
20 | 151.89 6! 1/ 290 | /¥2./5 L8.09 | 560
30 | Jie.be | 62.2¥ 0N /YI.34 6%.3/ 570 f
40 | (4. /¢ 62 .- 8o 310 [HO. 6 | ¢8.49 580 |
50 | /62.3¢ | 63./8 | 320 ) 4042 | £8.6/ 590 ]
0 | /ol 4o | 632.29 330 ] )39.6z | 8. 7?6 | 600 |
70 | 52.63 | 63.8/ 340 | [32.95 | ge.o4 | 610 l
80 | /5.9 | ¢4.%2 |30 | y3%.50 | (,9.06 | 620 |
90 | /56, 4Y 64 54 360 | )37-3 9. 26 630 |
100 155.%% 64. 80 370 /2224 L9 Yo 640 |
110 | /54.35 | ©£5.0% 380 | i3¢.¢3 69.5% 850
120 | /54.02 | p5-/2 | 30 | ;3008 | £9.2/ | 889 |
130 | 153.720 | 45.32 | 400 | s35,52° | (9.87 | 670 |
140 | /52,29 | ©s5.55 410 | s34.9Y | 4o.03 | 680 |
150 | )5/.20 | ¢5.80 | 420 | ;34.42 | 20./8 | 890 |
160 | /5/.13 65.2 | 430 | /33.63 | 70.24 | 700 |
170 | 140.08 | oo .07 | 440 | ;33.02 70.5% 710 |
180 140.62 bb. 18 & | /3z.12 70.%% 720 |
180 | /46.69 | ce.2¢ | 460 |1 449 730 |
200 | /48.27 | ce.52 470 740 '
210 | Jyp.sy | (.70 480 750 |
220 | /¢..9% | 0686 480 760 ° |
230 | YL.20 LF 05 500 770 |
240 | J45. 4 b2y 510 780 |
250 | /4480 | o7 4/ 520 790 |
260 | 143.98 | £ Lo | 5% 800 |
270 | /43.53 | LF 33 540 810 |

PAGE 1 OF
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[ 55  BANY  ey Regy

60 70 83 ga 183 118 129 139
Br }  { 1 1 4 1 13 ) 1 T 1 1 T | 1 [ i T— 1 i ) 11 i
N | CRADIENT INTERVAL 18d- 448 FT T
A GRADIENT = 1.68 DEG F/188 FT
- A CALC SURF TEMP = 63.2 DEG F -
- A RUN 2 -
50—
i %x B
183 i
158 §
207
] % i
257
B i
= _
329 E
353 '
% :
490
. EQUILIBRIUM GRADIENT
- GTS HOLE NO. 1-78-832
453 4/24/78 (&) B
_ TD = 458 i
p FE7- —
_ BHT=73. 83 GEOTHERMAL SERVICES, INC.
s DEG F SAN DIEGO, CALIFORNIA

/tllvif_}tﬁ/c\lur(?&v;%/

1 1 ! l 1 | S S | l 1 1t L




3 HOLE NO. 17® =35
FIOLD DATA SHEGQT RUNNO. &
TEMPERATURE | o 4#/7
SURVEY START __ =2 21F
. END | 2%
HOLE NUMBER — 118 = 2% 1p _495 SENSOR SERIAL NO.
' . ob 1972 -05
REFERENCE MAP /~7%8 SPERATOR
_ REMARKS WA ERAT
1/-
FT.| K oF FT.| Ko oE FT.|] KM o
10 |52 | €».0% | 280 | |29.54 | 1(.5% 550
20 |17, 30 L2:0% | 290 129 | .67 560
. 30 190 . 4% 5.9 300 | V21 41.09 570
40 4%.64 | Gb.69 | 310 17305 1730 580
50 5400 | GH.2Z6 | 320 | 47 24 17.54 | 590
60 152.%7F 6552 | 330 125-5% 17.%3 600
70 150.99% 599 | 340 125.00 12,91 | 610
* g [4%. 20 6. 5] "350 1241 12,13 | 620
' 80 Wit | 66.81 | 360 7343 | 3.3 | 62
100 145,51 LS. 1T 370 122 66 F3.50 640
1110 43,96 bLT.(,0 | 380 \22-03 15.835 | 680
| 120 1477 LF.9%5 | 390 \Z{ 39 14 .03 | 660 |
130 141. 4% %1% 400 120. 64 4.2 670 |
140 | 140.20 | (.59 |40 | }19.82 | 452 | 680 1
150 | (39,32 L%. %3 | 420 | 19.49 | 44.6Z | 690 |
1160 | 12920 | 49,12 | 430 | 1.9] | F4-80 | 700 |
1170 | 2338 | o.5% | 440 | (1824 | 5.0z | 710 |
180 | %6.%92 | (949 |480 F.24 35.30 | 720 |
4190 | 135.606. | 10.64 |40 | (1555 | 3F5.90 | 7% |
l200 [ 13484 [ 90,05 |40 | (4.40 | 36.26 | 740 |
210 YOl | 70.29 (480 | 1337 | 36.63 | 750 |
220 | 1%%,05 J0.50 | 480 | |[3.00 1,.15 | 760 |
20 | 132.2) 7079 | B8O n2oH .64 | 770 |
i24° 1. 4y 21.02 | 510 |1 149447 780 |
© 750 120 - | .U | 520 790 |
0| 120,33 | 133> | 5% 800 |
L 270 1%0. 1% 3. 2% | 540 810 |

a’AGE 1 OF

JANUARY, 1976



JEMFERA | URE

\~" I/
48 58 &0 7d 8g 183 118
H i { 1 1 RS i R 1 ) f 1 1 i ] ] T ] 1 i
- A GRADIENT INTERVAL 138- 453 FT
- GRAUIEN_T = 2,12 DEG F/188 FT -
CALC SURF TEMP = 63, 7 DEG F A
- \ RUN 2 | .
58 A
i N i
i \ B
i ¥ i
- ? —
108 A
i
L _
150
239 ‘E
258 2
348 %
350 J%
400 A
| FQUILIBRIUM GRADIENT ‘i ]
| GTS HOLE NO. 1-78-833 i& -
isgl. 17778
L 70 = 485 N
. FEET |
| GEOTHERMAL SERVICES, INC. BHT=76. 84 R
N SAN DOIEGO, CALIFORNIA DEG F _
1 ] [] t ] 1 1 1 1 1 b 1 i 1




HOLE NO. ’i cZ2Z
FICGLD DATA CHEET RUN NO. -
& _AlG.
TEMPERATURE DATE 6 At 2
SURVEY START _l:Z20
: END 12:05
HOLE NUMBER__ (=78 225 1p _22% semsoxz SERIAL NO.
REFERENCE MAP £-7% OPERATg{;
REMARKS WALKER T:
FT. K U aF FT. K L oE FT. K U °F
10 | /00. 57 250 280 550 |
20 | /b 22 (4.2 | 290 560
30 | j/5.32 &8.5¢ 300 570 |
a0 | y2.20 69,54 310 580 |
50 | 106.2% 70.52 320 590 [
© | /0714 2,29 | 330 600 |
70 | ips.ey | 9L | 340 610 |
80 | /p%.22 22.b% | 350 620 |
00 | o1ty | 9235 | w0 % |
100 99.%47% 4. 05 370 640 |
10 | g7.2¢ 249 | 3e0 650 |
120 | 95.95 2. 390 650 |
130 | g4.24 )4 | 400 670 |
140 | 92 .64 .80 | 410 680 {
150 | 4/.2% 2% 420 690 l
160 | gp. /4 23,65 | 430 700 |
170 | pg.47 2¢.5% | 440 710 |
180 26.0L0 79.36 450 720 [
180 | 25.20 79.99 | 460 730 |
200 | g4, /0 *0.99 470 740 |
210 | 42.9% .12 480 750 |
220 @4,.1[8 0.6/ 490 760 - {
B 432 | wwus | s00 770 |
20 | 7] dot | 222|510 |
" 250 ' | s20 790 l
260 530 800 |
|_270 540 810 l
|

PAGE 1 OF _J___
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|15 B Y B N

48 59 68 78 80 gg 188 118
g T 1 1 1 1 1 T T— T I!II'T—_T"-TI IITTIITII
u &\ GRADIENT INTERVA gg- 288 FT
u A GRADIENT = 7. g2 DEG F/188 FT -
u CALC SURF TEMP = 63.6 DEG F A
- RUN 2 -
517} ..)X i
- &s -
188 \3& ‘ ,
158 XX
- B
208
- ‘ o = 227 -
- A FEET B
- ' A MHT=77.72 _
| DEG F
- -
250
- -
360
L -
358
400
| EQUILIBRIUM GRADIENT
. GTS HOLE NO. 1-78-B33
ssgl. 418778 ()

GEOTHERMAL SERVICES, INC. 4
SAN DIEGD, CALIFORNIA i

“""'11,1L11111x11!1

T 1




B4 o

| HOLE NO.
FIELDOD DATA SHEET RUN NO.
TEMPERATURE  |owe31=T
SURVEY T
eno I -
HOLE NUMBER R-40 1D 292 SENSOR SERIAL NO.
S3% 2
REFERENCE MAP |-7% SPERATOR
REMARKS _on __mmJItimoder — WT
sed 1O <cale et 100D
K oF FT.. KN 9F FT.| K. °F
8. 07 280 (550 ] Y
290 560
0300 |- 76. 70 | 570
310 580
& T 320 590
330 /600 =9 ¥ 2
] 340 610
! 7350 )\ 7.4 | 620
{ 360 630
i' 7. 22 370 640
| 380 650 3.7
! 390 "660°
| /400 ) 19.03 | 670
| 410 680
) 73.2% | 420 690
( | 430 " 700 | 21.70
| 440 710
| 450 ) 9 0oC | 720
[ 460 730
I —S.< 7 | 470 740
| 480 750 Y2, 50
| 480 760
| /500 ' 1¢. %7 | 770
| 510 780
) SR 520 790
) 530 / 800 P
) 540 810
|

iE10OF

MAY 1978




FIELD DATA SHEET HOLE NO. _2 #2
TEMPERATURE RUN NO. __*
SURVEY oare _9:9- 7F
START _T:#4
END __ /-7
HOLE NUMBER ___3-#0 1o /3922
REFERENCE MAP /-28
REMARKS ﬁJ L J_z,,; Use.d 100 Scarfe
ot 1000
:FT. K N oF FT.| K. o . op
820 {1080 T7.0S - {1280
830 1060 1290 ]
840, 1070 (] 1300 go 2
/850 ¥4.34 | 1080 7310 |
860 1090_ 1320
870 (1100 | Q7,34 |1330
380 1110 - 1340
| 890 } 1120 (| 1350 | 75, S3
1900 ) 7512 | 1130 : 1360
810 1140 1370
320 11150 |) g, O9 | 1380
930 1160 B 1390
840 1170 \1j90 1139 79 o
950 2S. 70 | 1180 1410
960 1190 1420
970 1 1200 L7 .5% |1430
980 1210 1440
990 1220 | 1450
1000 Ve 4T 1230 1460
1010 1240 : 1470
1020 (] 1250, 75 oA | 1480
';1030 1260 1490
,-' 1040 1270 " 1500

lPAGE 2 OF

MAY 18978




DEPTH (FEET)

§ e I 41

S8

1600

T

r
1]

1 1 1 T T 1

GRADIENT INTERVAL 548- 989 FT -
1.89 DEG F/188 FT

GRADIENT =

i i T i

{ CALC SURF TEMP = 68.3 DEG F A
| RUN 5 -
150 [ )
308
i -
L
458
:
‘— ]
600 1
R J
N ! |
5 |
759 !
i ]
) ]
) ]
999 I
i ]
5 |
! J
1850 ;
| i:
ﬁ \ ]
1209 {
| EQUILIBRIUM GRADIENT }
| GTS HOLE NO. 1-78-B4D |
1350 8/97/78 (& A
- ; TD = IBQZ
a ' G FEET
| . GEOTHERMAL SERVISES, INC. BHT=89, 64
5 SAN DIEGD, CALIFGRNIA DEG F
< =rev? 1 1 | . [ i 1 ! 1 l 1 1 1 1 1 1 1 1 1




FIRLD DATA aHagaT

TEMPERATURE
SURNVEY #i™" Ly

HOLE NO. }-18 U2
RUN NO. __ 3

DATE __2} Juy 1%
TIME:

STA'RTJ@%
END _S:007

HOLE NUMBER__|=#% U3  T1p _ S00’ SENSQ‘R SERIAL NO.
REFERENCE MAP 5-1% OPERA.?(?R
REMARKS WALKEP—

FT.| K. oF FT. K N o = FT. KN OF

|10 | 101.50 H.A5 | 280 | %9%F 25.05 | 550

|20 | \4.90 £8.60 | 290 | o5.38 2%.28 | 560

130 ] |14 b0 L8.25 | 30| 9545 25.2¢ | 570

(40 | WAo £8.9) 310 | 9445 | 9,072 | 580

150 | N%o® 69.05 320 | 95.09 | n5.90 | 590

|60 | %18 69-2] 330 | g96.2] 25.95 | 600

70 | Jz.%0 .4y | 340 ] 95.28 | 2655 | 610

| 80 1.9 (9.6 350 9%. 9| %. 29 620

30 | JIl.ok Lo.95 |38 | 9355 | a4z | 6%

100 | 10,23 20./8 370 |  95.29 2, 57 | 640

110 | 9. 20.39 380 | olA5 23.29 | 680

120 | |09, ¥4 .59 30 | 91.90 | %24 680

130 | joo.%h | mez |40 ] onse | g9 | 670

140 | 10766 .08 410 | 30.66 | 70.05 680

150 [0b- 07 H.L3 420 90.90 1253 680

\ 160 10%.90 n2. 43 430 39,21 76.22 700

170 | 10%.23 | 72 40 | g3.% | 24z | 710 ?

180 | o710 75.00 | 450 | ep.2) To.08 | 720

180 ] Ioi#9 7335 | 460 |  o.04 76.84 | 730

200 | }0p.ol 7554 | 470 | %o.9 2.5 | 740 4

(20| ioDer | 2292 (480 | 8850 | se | 750

| 220 99.40 .01 480 88.13 72.32 760 °

230 99. 2| .9 500 20,55 R.(,7 770

240 99.4% ad, by, | AAB | fota/ depth 500" 780

250 | 94.94 D 790

280 | 9407 n4.75 | 630 800

270 9.2 n4.9% | s40 ‘810

PAGE 1 OF 1
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Al

DEPTH (-EET)

TURE (°F)

T oAAD T 4
ll_:l'\//lDtl?/Hl
43 5d 63 7d 8g o7} 198 1
5( T U 1T [T 1T T 11 S A T T T}
r + GRADIENT INTERVAL 53— 458 FTi
- GRADIENT = 2.43 DEG F/183 FT
- CALC SURF TEMP = 68.2 DEG F
;L RUN 3 1
58; + |
r i i
S 4 ]
r 4 ]
] 1 -
168
r i -
-+ i =
= # -
}' LY -
157 jg?
L ﬂ- .
- t ]
i " 1
2049 LJ; !
I ‘ i
- H ~
) [
= -
i . N
- b L
258 ; - .
- i
C ; :
4 ]
300 {F
- + -
L 4 i
L \\\'j 1{- ]
359 +
i ; }
] \& ]
488" ?L !
o , | -
- EQUILIBRIUM GRADIENT + 4
- GTS HOLE NO. 1-78-U3 1 1
T 7/21/78 (P - ‘i
L £p TD = SUd -
" i’ﬁ FEET J
! GEOTHERMAL SERVICES, INC. +\|BHT=78. 62
t SAN DIEGO, CALIFORNIA ' + DEG F
50g [V SRS U N TNUAY YON UORS NN NN TUUNE SRS TN AN VOUON SHONG SUG  0 JUS TS JUNN S U G U S RO VS S S OGS W

1i

i




HOLE NO. _1-38_u4
FIBLD DATA CHEOET RUN NO. ]
TEMPERATURE  |pAefiohtie
SURVEY ,_ START £:0P -
/ END __%:05¢
HOLE NUMBER_1-1% U4 D _Z%0 sszsoa SERIAL NO.
; REFERENCE MAP 5-1% ' OPE::TOR
é REMARKS WALKERT,
FT.| K oF FT.| KN °g. | FT.| KN °F
10 | 98.0\ F4.05 280 | 9%.0% 1%.0] 550
20 | n.%n 20- 11 290 | 90.5| ns 2% 560
0 | A 63-H 00 | 96.08 #5.40 570
40 | M.2%8 9.9l 310 | 9495 n5.8( 580
50 1 |II.49 693 320 | 944t 25.99 ,| 590
® | [lL.ee 9.88 |30 | 934k %.58 ' | 600
70 | )08 $9.98 | 340 | 937 .50 | 610
80 | llo.15 7022|360 | 9297 Ho b | 620
0 | 109.92 .70 | 360 91.9% %09 630
100 | 1p9.2% Jo.52. | 370 9n.2} 150 640
110 | 103.6) a1 | M oo L FaaE | 680
120 | 08.2) 20.90 | 380 | fmtardrath | 377 6860
130 | jot54% H.15 400 670
140 106, % .29 410 ' 680
150 | ipd.9v 2214 | 420 680
160 | 10414 2.3, | 430 | 700
170 [03.5] 32.58 440 710
180 10799 2294 | 450 720
180 loZ. 14 72.09 | 480 730
200 | 1p2.0% 23.15 | 470 740
210 | \m, 3% 2%.58 480 - 750
220 | 100.g2 25.5% | 490 760 °
20 | .14 335.p4 | 500 770
240 99.6% 24.00 | 610 780
250 60,454 2444 | 520 790
[ 280 99.22 24.5p 530 800
| 270 %%.8) .12 | 540 ‘810
| PAGE 1 0F | JANUARY, 1976




DEPTH (FEET)

48 58 60 87 99 11
@[—\'—T"r—r-‘” T 11 70 T ik N S S 1 i AR S A T 11 1T

e GRADIENT INTERVAL 188~ 378 FT -

= - GRADIENT = 2. 46 DEG F/iB3 FT A

L + CALC SURF TEMP = 68.2 DEG F A

- it RUN 3 -

53 \

i | :

- ]

- i

160 - '

L .

L J

F =

ib et

150 — :

L -

i,_ -

: 1

= .

209 —

| -

3 §

1 §

250+ —

T ‘i

- j

ot -

i ]

378" :

i ]

i -

- d

358 :

i TD = 376 4

L FEET i

o BHT=77. 72 J

= DEG F _:

499} _ |

L EQUILIBRIUM GRADIENT 4

}f: GTS HOLE NO. 1-78-U4 -

]

45 7/22/78 () |

!

| GEOTHERMAL SERVICES, INC. |

‘ SAN DIEGO, CALIFCRNIA i

570 FRUR SRS U (U TR N ST U S0 TR IOUOE G YO S S JAOE N o0 b

NS B VSIS DESEE SRSy By




GULF MINERAL RESOURCES COMPANY

T.G. HOLE STROZZI #1B
T. 3 8., R. 2 W., Sec. 1

7/9/79 9:52 PM
Logged by GeothermEx, Inc.

Depth, Depth, Depth, Depth,
in feet in meters Of o¢ in feet 1n meters Of oc

10 3.0 260 79.2 65.48 18.60
20 6.1 61.68 16.49 270 82.3 65.70 18.72
30 9.1 62.31 16.84 280 85.3 65.98 18.88
40 12.2 62.74 17.08 v 290 88.4 66.25 19.03
50 15.2 62.83 17.13 300 91.4 66.52 19.18
60 18.3 62.83 17.13 : 310 94.5 66.85 19.36
70 ~21.3 62.91 17.17 ' 320 97.5 67.12 19.51
80 24,4 62.98 17.21 330 100.6 67.44 19.69
90 27.4 63.05 17.25 340 103.6 67.75 19.86
100 30.5 63.18 17.32 350 106.7 68.02 20.01
110 33.5 63.28 17.38 . 360 109.7 68.32 20.18
120 36.6 63.41 17.45 370 112.8 68.65 20.36
130 39.6 63.52 17.51 380 115.8 68.94 20,52
140 42,7 63.63 17.57 390 118.9 69.22 20.68
150 45.7 63.75 17.64 400 121.9 69.53 20.85
160 48.8 63.82 17.68 410 125.0 69.85 21.03
170 51.8 63.97 17.76 420 128.0 70.16 21.20
180 54.9 64.06 17.81 430 i31.1 70.50 21.39
190 57.9 64.20 17.89 440 134.1 70.86 21.59
200 61.0 64.31 17.95 450 137.2 71.19 21.77
210 64.0 64.47  18.04 460 140.2 71.51  21.95
220 67.1 64.62 18.12 470 143.3 71.89 22.16
230 70.1 64.78 18.21 480 146.3 72.18 22.32
240 73.2 64.98 18.32 490 149.4 72.59 22.55
250 76.2 65.26 18.48 500 152.4 72.88 22,71

504 153.6 72.97 22.76

in meters

Depth,

10
20
30
40
50
60
70
80
90
100
110
120
130
140
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GULF MINERAL RESOURCES COMPANY
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GULF MINERAL RESOURCES COMPANY ¢

SOCORRO PROSPECT : 12 “‘ 16 18 20 22 —
T.G. HOLE STROZZI #3 o [ R b e Hi:
T. 3 S., R. 2 W., Sec. 2 EREE e G =
20 aoes eems ! "[AM" = 3 == 43‘“
7/9/79 2:01 PM S e e , g
Logged by GeothermEx, Inc. 30 Elf 1 T ff , Ii'l
SR e e T
Depth, Depth, Depth, Depth, 40 = e ;Y —Er o e
in feet in meters °F °c in feet in meters oF °c i e = =
50 b e =
10 3.0 62.69 17.05 260 79.2 64.20 17.89 e 2
20 6.1 59.79  15.44 270 82.3 64.35 17.97 B e e S e e el e
30 9.1 60.49  15.83 280 85.3 64.51  18.06 e I E A e e e e e o
40 12.2 60.93  16.07 290 88.4 64.67  18.15 o i e e nn e B e e cam O
50 15.2 61.11 16.17 300 91.4 64.85 18.25 S r0EEE S ST T ==
60 18.3 61.34  16.30 310 94.5 65.01  18.34 8 B S =
70 21.3 61.50 16.39 320 97.5 65.14  18.41 PP s e e e s st i e
80 24.4 61.68  16.49 330 100.6 65.30  18.50 M e =
90 27.4 61.83 16.57 340 103.6 65.48  18.60 P = e e e R o e e 3=
100 30.5 62.01 16.67 350 106.7 65.64  18.69 PR e e e e e e e L B PR e
110 33.5 62.13  16.74 360  109.7 65.80 18.78 S EEEEEEmmERae e S
120 36.6 62.24  16.80 370 112.8 65.98 18.88 100 R e e e e
130 39.6 62.37 16.87 380 115.8 66.16 18.98 35 et i e B R S e p it e £
140 42.7 62.58  16.99 390 118.9 66.34 19.08 e R e = e
150 45.7 62.71 17.06 400 121.9 66.51 19.17 110 pre i e e b= e e
160 48.8 62.83 17.13 410 125.0 66.70 19.28 i e e e S e e e e e o
170 51.8 62.94 17.19 420 128.0 66.85 19.36 120 RS R  i eeeee
180 54.9 63.09  17.27 430 131.1 67.06  19.48 R A 24
190 57.9 63.21 17.34 440 134.1 67.23  19.57 130 [EHHEEE R e s e
200 61.0 63.34 17.41 450 137.2 67.39  19.66 et e e e el sl e e o a8
210 64.0 63.46  17.48 460 140.2 67.59 19.77 i s e e e el e R e e o
220 67.1 63.63 17.57 470 143.3 67.78 19.88 140 i et e
230 70.1 63.75 17.64 480 146.3 67.95 19.97 B e En o e
240 73.2 63.91 17.73 490 149.4 68.11  20.06 150 [EEia e S
250 76.2 64.04  17.80 493 150.3 68.16  20.09 EREE R T
160 E=E= =




GULF MINERAL RESOURCES COMPANY o

SOCORRO PROSPECT 0 gt 143716“1 ;8 20 22
T.G. HOLE STROZZI #4 == EX RS ,
T. 2 S., R. 2 W., Sec. 34 : St :
20 ==
7/9/79 3:44 PM s =F :
Logged by GeothermEx, Inc. : 30 == r‘r_ %” 1 ; !
Depth, Depth, - Depth, Depth, ' 40 S e e e e e o ﬁ T
in feet in meters of oc in feet in meters Op oc 'x By L 52, fiams rrina
| = e
10 3.0 63.05 17.25 260 79.2 63.95 17.75 o el £ SR
20 6.1 59.77  15.43 270 82.3 64.06 17.81 g0 EEEae e T
30 9.1 60.39  15.77 280 85.3 64.18 17.88 ° B e e i e 3 =
40 12.2 60.96  16.09 290 88.4 64.35  17.97 b e et e :
50 15.2 61.29  16.27 300 91.4 64.49  18.05 PR === B R o
60 18.3 61.34 16.30 310 94.5 64.69 18.16 8 Sasminsans et
70 21.3 61.45 16.36 320 97.5 64.92  18.29 5 go LIRS
80 24.4 61.54  16.41 330 100.6 65.08 18.38 . BEs e SHESE
90 27.4 61.66  16.48 340 103.6 65.23  18.46 = e em e pm e ==
100 30.5  61.75 16.53 350 106.7  65.46  18.59 o i e
110 33.5 61.90 16.61 360 109.7 65.59 18.66 A S S==amauar
120 36.6 62.04 16.69 370 112.8 65.77  18.76 100 EeEEEE et E
130 39.6 62.15 16.75 380 115.8 66.04  18.91 i S e e e
140 42.7 62.28 16.82 390 118.9 66.22 19,01 110 B STE St b prens Perel YU S Py o ey e o
150 45.7 62.42  16.90 400 121.9 66.36  19.09 R T
160 48.8 62.58  16.99 410 125.0 66.58  19.21 R e e e s e
170 51.8 62.71  17.06 420 128.0 66.76  19.31 120 b i
180 54.9 62.85 17.14 430 131.1 66.92  19.40 i e i s R R R :
190 57.9 63.00 17.22 440 134.1 67.12  19.51 130 (B I =
200 61.0 63.10 17.28 450 137.2 67.32  19.62 S 15 e o) v o oo o] a1 o o e e o
210 64.0 63.25 17.36 460 140.2 67.48 19.71 e R i it e e
220 67.1 63.37  17.43 470 143.3 67.62  19.79 140 e e e e
230 70.1 63.50 17.50 480 146.3 67.77 19.87 e s ey e e e e i e
240 73.2 63.63  17.57 490 149.4 68.09  20.05 150 [ e ,
250 76.2 63.77  17.65 499 152.1 68.29  20.16 S Ea e am il R R £
160 Eii=mtml m et :




GULF MINERAL RESOURCES COMPANY

40 g

50

SOCORRO PROSPECT 0
T.G. HOLE STROZZI #5 _ 10 EEE
T. 3S., R. 2 W., Sec. 3
7/10/79 12:16 PM
Logged by GeothermEx, Inc. 30
Depth, Depth, - Depth, Depth,
in feet in meters OFf o¢ in feet in meters Of oc

10 3.0 60.33  15.74 270 82.3 62.47  16.93
20 6.1 59.81  15.45 280 85.3 62.56  16.98 60
30 9.1 60.53  15.85 290 88.4 62.65 17.03 "
40 12.2 60.85 16.03 300 91.4 62.76 17.09 b
50 15.2 61.03 16.13 310 94.5 62.83  17.13 °
60 18.3 61.12 16.18 320 97.5 62.92 17.18 g
70 21.3 61.21 16.23 330 100.6 63.01  17.23 &
80 24,4 61.32  16.29 340 103.6 63.09 17.27 .
90 27.4 61.36 16.31 350 106.7 63.18 17.32 g
100 " 30.5 61.36 16.31 360 109.7 63.27  17.37 e.
110 33.5 61.45 16.36 370 112.8 63.37  17.43 A :
120 36.6 61.61 16.45 380 115.8 63.45 17.47 100 £
130 39.6 61.79 16.55 390 118.9 63.55 17.53
140 42,7 61.79 16.55 400 121.9 63.66 17.59 110
150 45.7 61.86 16.59 410 125.0 63.75  17.64
160 48.8 61.74 16.52 420 128.0 63.84 17.69
170 51.8 61.68 16.49 430 131.1 63.93  17.74 120
180 54.9 61.72 16.51 440 134.1 64.04 17.80 :
190 57.9 61.77 16.54 450 137.2 64.15 17.86 130 &
200 61.0 61.86 16.59 460 140.2 64.24  17.91
210 64.0 61.93 16.63 , 470 143.3 64.35 17.97
220 67.1 62.01 16.67 480 146.3 64.45  18.03
230 70.1 62.08 16.71 490 149.4 64.56  18.09 :
240 73.2 62.17 16.76 500 152.4 64.67 18.15 150 =
250 76.2 62.28  16.82 504 153.6 64.69 18.16 =t

260 79.2 62.37 16.87 160
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GULF MINERAL RESOURCES COMPANY

SOCORRO PROSPECT 0

(]

.n

<+ H

vei T T T
Y 180 DA RS an b b T 0T T
1T fass T T PGS LA be
3 I SESRARES T 13 13T
T * 1o 80 B aad -
: ot : e s T T
T T HrT H HE ==
: + T 7
T.G. HOLE STROZZI #7 10 1 e o H
0 TR B 1 I+ 7 +
iaad Ty 1 84 18 A 'oa —— | § 8 s e
T 1906 SE.066 05 S04 I R § 0 s
T 188 EANE REA N 18 B4 U0 B0 5.4 65558 1 B3 TT TR
1 H 1+ H inad adaas ol +
i T T t - v
bt Ty Y I + T T
T. 3 S., R. 2 W., Sec. 11 T SRissesiseriseie R Heh
r Sttty - + +Hr1t
20 + 1881 '8 Tttt
1
z e it
1
e
18
T

7/10/79 1:52 PM SR R SR i
Logged by GeothermEx, Inc. 30 et e f:l“
40 E e T e S e A e &t it
Depth, Depth, Depth, Depth, b e e b ST
in feet in meters OF oC in feet in meters OfF oc J'fqli'ﬁl;”;: e T
50 R,
10 3.0 62.87 17.15 260 79.2 64.35  17.97 e e e el 1115
20 6.1 60.26 15.70 - 270 82.3 64.47 18.04 60 [ttt R A e
30 9.1 60.87  16.04 280 85.3 64.63 18.13 " S ETEHE
40 12.2 61.38 16.32 290 88.4 64.76  18.20 M o e S R
50 15.2 61.54  16.41 300 91.4 64.92  18.29 o 710 e e i o
60 18.3 61.65 16.47 310 94.5 65.08 18.38 8 B e
70 21.3 61.74 16.52 320 97.5 65.25  18.47 L) = e R s ezt
80 24.4 61.88 16.60 330 100.6 65.39  18.55 N . iR e S8
90 27.4 62.02  16.68 340 103.6 65.57 18.65 £ | [=ESEEEERE e :
100 30.5 62.11 16.73 350 106.7 65.77 18.76 & SSEEn=mans it BT
110 33.5 62.31  16.84 360 109.7 65.91  18.84 A S e =
120 36.6 62.44  16.91 370 112.8 66.00  18.89 100 = e =5
130 39.6 62.56  16.98 380 115.8 66.16  18.98 e e e ==
140 42.7 62.74 17.08 390 118.9 66.38 19.10 110 EEEE TS
150 45.7 62.83  17.13 400 121.9 66.56  19.20 S S e et e el g B R B G
160 48.8 62.94 17.19 410 125.0 66.72 19.29 et b P P e e e e b L
170 51.8 63.03 17.24 420 128.0 66.88 19.38 120 =t e i e
180 54.9  63.19  17.33 430 131.1  67.05 19.47 Sl e e e el
190 57.9 63.34  17.41 440 134.1 67.21  19.56 130 [ S R R i T
200 61.0 63.45  17.47 450 137.2 67.41  19.67 S e e e e e e R B
210 64.0 63.63 17.57 460 140.2 67.57 19.76 S e e
220 67.1 63.73  17.63 470 143.3 67.71  19.84 180 et e Gl
230 70.1 63.88 17.71 480 146.3 67.89  19.94 e o e e e :
240 73.2 64.02  17.79 490 149.4 68.05  20.03 150 [EEEE T R R B S ST T
250 76.2 64.18 17.88 496 151.2 68.09  20.05 ShEi e pil S g il
160 R S SEEE




GULF MINERAL RESOURCES COMPANY
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- 14
SOCORRO PROSPECT 0 ==
T.G. HOLE STROZZI #8 | 10 ==
T. 3 S., R. 2 W., Sec. 11 : . i
20 (S
7/10/79 3:04 PM SHEnSE
Logged by GeothermEx, Inc. 30 s
40 T
Depth, Depth, Depth, Depth, e i e
in feet in meters °F _OcC in feet in meters °F oc 5 SRR
10 3.0 60.15 15.64 260 79.2 67.51 19.73 i
20 6.1 60.64 15.91 270 82.3 67.77  19.87 60 =
30 9.1 61.41  16.34 ' 280 85.3 67.98  19.99 m EEREE
40 12.2 61.95 16.64 290 88.4 68.27  20.15 b L
50 15.2 62.20 16.78 300 91.4 68.61  20.34 o 70
60 18.3 62.56  16.98 310 94.5 68.76  20.42 & i
70 21.3 62.87 17.15 320 97.5 68.85  20.47 £ 80 EHERE
80 24 .4 63.23  17.35 330 100.6 69.12  20.62 ™ S
90 27.4 63.52  17.51 » 340 . 103.6 69.40  20.78 £ &
100 30.5  63.84 17.69 350 106.7 69.64  20.91 e Vs
110 33.5~  64.06 17.81 360 109.7 69.85 21.03 a e
120 36.6 64.29  17.94 370 112.8 70.14  21.19 100 =S
130 39.6 64.53  18.07 380 115.8 70.43  21.35 o
140 42.7 64.78  18.21 390 118.9 70.61  21.45 110 S
150 45.7 65.01  18.34 400 121.9 70.75  21.53 iR e
160 48.8 65.26  18.48 410 125.0 70.93  21.63 R
170 51.8 65.46  18.59 420 128.0 71.24  21.80 120 Pt
180 54.9 65.66  18.70 430 131.1 71.49  21.94 i
190 57.9 65.91  18.84 440 134.1 71.73  22.07 130 EHER
200 61.0 66.13  18.96 450 137.2 71.98  22.21 gt
210 64.0 66.36  19.09 460 . 140.2 72.23  22.35 i
220 67.1 66.58 19.21 470 143.3 72.48  22.49 140
230 70.1 66.81  19.34 480 146.3 72.66  22.59 EhmE
240 73.2 67.03  19.46 481 146.6 72.70  22.61 150 o=
250 76.2 67.30  19.61 i
160 HEHE]

Sggiass

2aad
SEER

13




GULF MINERAL RESOURCES COMPANY
SOCORRO PROSPECT _ 0

T.G. HOLE STROZZI #9B 10

T. 3 S., R. 2 W., Sec. 36

20
7/11/79 12:46 PM

Logged by GeothermEx, Inc.

30
Depth, Depth, Depth, = Depth, 40
in feet in meters Op o¢ in feet in meters O oc
50
10 3.0 64.53  18.07 260 79.2 69.80  21.00
20 6.1 61.77 16.54 270 82.3 70.07  21.15 60
30 9.1 62.44  16.91 280 85.3 70.30  21.28
40 12.2 63.27 17.37 290 88.4 70.48  21.38  u
50 15.2 63.91 17.73 300 91.4 70.72  21.51 & 70
60 18.3 64.15 17.86 310 94.5 70.99  21.66 &
70 21.3 64.40 18.00 320 97.5 71.13 2174 & g
80 24.4 64.65 18.14 330 100.6 71.42  21.90
90 27.4 64.96 18.31 340 103.6 71.71  22.06 <
100 30.5 65.35 18.53 350 106.7 72.10 22.28 & 90
110 33.5 65.77 18.76 360 109.7 72.36  22.42 A
120 36.6 66.06 18.92 370 112.8 72.57  22.54 100
130 39.6 66.27 19.04 380 115.8 72.75  22.64
140 42.7 66.54 19.19 390 118.9 72,93 22.74 110
150 45.7 66.83 19.35 400 121.9 73.17  22.87
160 48.8 67.10  19.50 410 125.0 73.40  23.00
170 51.8 67.35 19.64 420 128.0 73.63  23.13 120
180 54.9 67.64 19.80 430 131.1 73.85  23.25
190 57.9 67.93  19.96 440 134.1 74.05  23.36 130
200 61.0 68.18 20.10 450 137.2 74.25  23.47
210 64.0 68.45  20.25 460 140.2 74.48  23.60
220 67.1 68.70  20.39 470 143.3 74.66  23.70 140
230 70.1 69.03  20.57 480 146.3 74.88  23.82
240 73.2 69.24  20.69 490 149.4 75.13  23.96 150
250 76.2 69.49  20.83 500 152.4 75.49  24.16
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GULF MINERAL RESOURCES COMPANY
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SOCORRO PROSPECT 0

T.G. HOLE ARMIJO #1B 10 SRS e ?:
T. 4 S., R. 1 W., Sec. 5 e B e P et e 1
20 S e SRS =
Logged by GeothermEx, Inc. 30 SapEEr :‘}-ﬁuﬁ S
- 40 [EEEEHE T e e
Depth, Depth, Depth, Depth, SR o H oy Hasa e ] P e
in feet in meters oF oc in feet 1in meters Of oc 5o (e e = =
10 3.0 69.80 21.00 250 76.2 70.77  21.54 S e S R R e =
20 6.1 63.99 17.77 260 79.2 71.02  21.68 60 EEfmfmrm e i S
30 9.1 64.53  18.07 270 82.3 71.29  21.83 ,,, s et e =g
40 12.2 65.21  18.45 280 85.3 71.56  21.98 8 50 [ e ]
50 . 15.2 65.53  18.63 290 88.4 71.82  22.12 & 3 i s ey e Bt e =
60 18.3 65.80 18.78 300 91.4 72.12 22.29 C BH S e e = T
70 21.3 66.16  18.98 310 94.5 72.39 22,44 £ 80 ESEEHEEEE =
80 24.4 66.49  19.16 320 97.5 72.66  22.59 . SHEREHE Ress =
90 27.4 66.85  19.36 330 100.6 72.99 22,71 5 g TSR RN e
100 30.5 67.17  19.54 340 103.6 73.29  22.94 e e A i e e T e ol o S B
110 33.5 67.41  19.67 350 106.7 73.56  23.09 A et SREmue e
120 36.6 67.62 19.79 360 109.7 73.78  23.21 100 e e e e
130 39.6 67.89 19.94 370 112.8 74.10  23.39 e e =
140 42.7 68.13  20.07 380 115.8 74.41 23,56 110 iR pn s s b o b
150 45.7 68.38  20.21 390 118.9 74.68  23.71 S P e e
160 48.8 68.56  20.31 400 121.9 74.95  23.86 e s el == iE
170 51.8 68.76  20.42 410 125.0 75.25  24.03 120 et s e =
180 54.9 69.06  20.59 420 128.0 75.56  24.20 e e e s e ==
190 57.9 69.28  20.71 430 131.1 75.79  24.33 130 St et : SEE
200 61.0 69.48  20.82 440 134.1 76.05  24.47 —HHHHRTHY i S5
210 64.0 69.76  20.98 450 137.2 76.37  24.65 140 EEEHHHEES R
220 67.1 70.03  21.13 460 140.2 76.71  24.84 SHEH s
230 70.1 70.30  21.28 470 143.3 76.82  24.90 e
240 73.2 70.48  21.38 480 146.3 77.09  25.05 150 et
Note: 10': air-not stable : 160 FnEEy




GULF MINERAL RESOURCES COMPANY

SOCORRO PROSPECT | 016 1181;1 1
T.G. HOLE ARMIJO #2B 10 e
T. 3 S., R. 1 W., Sec. 32
20 =
7/11/79 5:02 PM eSS
Logged by GeothermEx, Inc. 30 i :
{Eoes Fress iosea it 11 i e e e ey
| : 40 R e L
Depth, Depth, ‘ Depth, Depth, S icess Erevisap = ===
in feet 1in meters Op o¢c in feet in meters Of o¢ = r : ‘n,‘ :
- 50 R : I
10 3.0 65.88  18.82 260 79.2 69.51  20.84 S e
20 6.1 63.81 17.67 270 82.3 69.66  20.92 60 Eopiniarribe
30 9.1 64.56  18.09 » 280 85.3 69.91  21.06 g
40 12.2 65.37  18.54 290 88.4 70.05  21.14 & g
50 15.2 65.75  18.75 300 91.4 70.16  21.20 3 70 EEpeEerEe
60 18.3 65.95 18.86 310 94.5 70.27  21.26 & e
70 21.3 66.22  19.01 320 97.5 70.41  21.34 g go EEHEmEREREE
80 24.4 66.45 19.14 330 100.6 70.56  21.42 ™ SRR
90 27.4 66.60 19.22 340 103.6 70.70  21.50 £ ESEEEmEE o
100 30.5 66.79  19.33 350 106.7 70.84 21.58 & 70 E=EEESEET
110 33.5 66.96  19.42 360 109.7 70.99  21.66 3 e
120 36.6 67.14  19.52 370 112.8 71.15  21.75 100 EEEEiEEEHs
130 39.6 67.30  19.61 380 115.8 71.35  21.86 S et
140 42.7 67.53  19.74 390 118.9 71.53  21.96 110 R HEREEEEL
150 45.7 67.68 19.82 400 121.9 71.73  22.07 S Ena e e
160 48.8 67.86 19.92 410 125.0 71.92  22.18 e e i
170 51.8 68.02  20.01 420 128.0 72.12 22.29 120 =t
180 54.9 68.20  20.11 430 131.1 72.28  22.38 S i
190 57.9 68.36  20.20 440 134.1 72.48  22.49 130 MR
200 61.0 68.50  20.28 450 137.2 72.66  22.59 S AR
210 64.0 68.70  20.39 460 140.2 72.84 22,69 = anH s imas
220 67.1 68.85  20.47 470 143.3 73.00 22.78 140 =H=meers
230 70.1 69.01  20.56 480 146.3 73.17  22.87 Ep i R
240 73.2 69.17  20.65 490 149.4 73.33  22.96 150 e iR S R )
250 76.2 69.37  20.76 500 152.4 73.42  23.01 i
160 E.:«t o i Aavasd saa oy gase)




GULF MINERAL RESOURCES COMPANY
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SOCORRO PROSPECT 0
T.G. HOLE ARMIJO #3 s
T. 3S., R. 1 W., Sec. 32 =
20 =
7/11/79 3:29 PM ‘
Logged by GeothermEx, Inc. 30 £
40 B
Depth, Depth, Depth, Depth, 1
in feet in meters Of o¢ in feet in meters Of o¢ ==
50
10 3.0 63.50 17.50 260 79.2 76.62  24.79 :
20 6.1 63.57 17.54 - 270 82.3 76.95  24.97 60
30 9.1 64.80 18.22 280 85.3 77.36  25.20
40 12.2 65.80 18.78 290 88.4 77.76  25.42  h
50 15.2 66.47. 19.15 300 91.4 77.97 25.54 w10
60 18.3 67.08 19.49 310 94.5 78.19  25.66 &
70 21.3 67.62 19.79 320 97.5 78.48 25.82 ¢ 80
80 24.4 68.16  20.09 330 100.6 78.71  25.95
90 27.4 68.74  20.41 340 103.6 78.96  26.09 <&
100 30.5 69.24  20.69 350 106.7 79.21  26.23 4 0 [
110 33.5 69.87 21.04 360 109.7 79.36  26.31 A ==
120 36.6 70.39  21.33 370 112.8 79.65  26.47 100
130 39.6 70.92  21.62 380 115.8 79.86  26.59 =
140 42.7 71.38  21.88 390 118.9 80.06  26.70 110 EEEEEE
150 45.7 71.92 22.18 400 121.9 80.24  26.80
160 48.8 72.43 22,46 410 125.0 80.37  26.87 S
170 51.8 72.86  22.70 420 128.0 80.49  26.94 120 ==
180 54.9 73.27  22.93 430 131.1 80.62  27.01 =
190 57.9 73.76  23.20 440 134.1 80.73  27.07 130 B2
200 61.0 74.21  23.45 450 137.2 80.82  27.12 - =
210 64.0 74.62  23.68 460 140.2 80.89  27.16 =8
220 67.1 75.02  23.90 470 143.3 80.94  27.19 140 =t
230 70.1 75.43  24.13 480 146.3 80.98  27.21 e
240 73.2 75.87  24.37 490 149.4 81.00 27.22 150 s
250 76.2 76.23  24.57 500 152.4 81.01  27.23 et
160




GULF MINERAL RESOURCES COMPANY
SOCORRO PROSPECT
T.G. HOLE ARMIJO #4
T. 3 S., R. 2 W., Sec. 35

7/10/79 8:32 AM
Logged by GeothermEx, Inc.

Depth, Depth, Depth, Depth,

in feet in meters or oc in feet 1n meters Op o¢
10 3.0 66.02 18.90 240 73.2 64.92 18.29
20 6.1 64.04 17.80 250 76.2 65.07 18.37
30 9.1 63.68 17.60 260 79.2 65.19  18.44
40 12.2 64.04 17.80 270 82.3 65.34 18.52
50 15.2 64.04 17.80 280 85.3 65.48 18.60
60 18.3 63.86 17.70 290 88.4 65.62 18.68
70 21.3 63.82 17.68 300 91.4 65.73 18.74
80 24.4 63.75 17.64 310 94.5 65.89 18.83
90 27.4 63.75 17.64 320 97.5 66.04 18.91
100 30.5 63.75 17.64 330 100.6 66.22 19.01
110 33.5 63.75 17.64 340 103.6 66.40 19.11
120 36.6 63.77 17.65 350 106.7 66.56 19.20
130 39.6 63.79 17.66 360 109.7 66.70 19.28
140 42.7 63.81 17.67 370 112.8 66.88 19.38
150 45.7 63.88 17.71 380 115.8 67.06 19.48
160 48.8 64.04 17.80 390 118.9 67.24 19.58
170 51.8 64.15 17.86 400 121.9 67.41 19.67
180 54.9 64.22 17.90 410 125.0 67.59 19.77
190 57.9 64.31 17.95 420 128.0 67.75 19.86
200 61.0 64.44 18.02 430 131.1 67.93 19.96
210 64.0 64.54 18.08 440 134.1 68.14 20.08
220 67.1 64.65 18.14 450 137.2 68.34 20.19
230 70.1 64.81 18.23 460 140.2 68.45 20.25

Note: 10-90': pipe dry - readings unstable

Depth, in meters
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GULF MINERAL RESOURCES COMPANY TOC

SOCORRO PROSPECT
T.G. HOLE ARMIJO #5
T. 3 S., R. 2 W., Sec. 26
7/11/79 11:27 AM
Logged by GeothermEx, Inc.
GO e st ELabloute
Depth, Depth, Depth, Depth, s e =7 =
in feet in meters Of oc in feet in meters O o¢ s e T e | ety S oo g el
50 — ""'jl 1 1 __-_:

10 3.0 62.83 17.13 260 79.2 64.80  18.22 e e : ==

20 6.1 61.59  16.44 270 82.3 64.89 18.27 60 = =

30 9.1 61.95 16.64 280 85.3 64.98 18.32 w = x = =

40 12.2 62.38 16.88 290 88.4 65.08 18.38 H S pea et ;

50 15.2 62.80 17.11 300 91.4 65.19 18.44 ¥ Ve =

60 18.3 62.91 17.17 310 94,5 65.30 18.50 E ! =i :

70 21.3 62.98 17.21 320 97.5 65.44 18.58 5 S0EEEEE == =

80 24.4 63.05 17.25 330 100.6 65.55 18.64 . : == !

90 27.4 63.21 17.34 340 103.6 65.66 18.70 = === ==
100 30.5 63.48  17.49 350 106.7 65.79  18.77 8. = e e =
110 33.5 63.84 17.69 360 109.7 65.95 18.86 A = e ,

120 36.6 63.84 17.69 370 112.8 66.11 18.95 100 : : '@37“ - —
130 39.6 63.73  17.63 380 115.8 66.25 19.03 : =t
140 42.7 63.88 17.71 390 118.9 66.40 19.11 110 ' = e =
150 45.7 64.02 17.79 400 121.9 66.58  19.21 = S e e e e e
160 48.8 63.99 17.77 410 125.0 66.74  19.30 f SR e SEEEs e
170 51.8 64.02 17.79 420 128.0 66.92  19.40 e e e e e = =
180 54.9 64.08 17.82 430 131.1 67.15 19.53 e et e
190 57.9 64.18 17.88 440 134.1 67.32  19.62 130 e e =
200 61.0 64.26  17.92 450 137.2 67.41  19.67 s e B =1
210 64.0 64.35 17.97 460 140.2 67.59  19.77 140 R e e e
220 67.1 64.45 18.03 470 143.3 67.78  19.88 —==5 e\ =
230 70.1 64.54 18.08 480 146.3 67.96 19.98 : e et e
240 73.2 64.63 18.13 490 149.4 68.14  20.08 150 e S e
250 76.2 64.71  18.17 497 151.5 68.27  20.15 s
160 : T i s G Sat bl barirea ainad




GULF MINERAL RESOURCES COMPANY TOC

14 16 18 20 22 24

SOCORRO PROSPECT 0 == T
T.G. HOLE ARMIJO #6B ‘ 10 E B N SEEEE
T. 3 S., R. 2 W., Sec. 25 20 = l‘ : _7_4_}-
7/10/79 4:51 PM = AL S :
Logged by GeothermEx, Inc. ' 30 = e =
40 = SR
Depth, Depth, Depth, Depth, = i i i
in feet 1in meters Of o¢ in feet 1in meters Of oc 5 S e 14“‘. = 1 =
10 3.0 240 73.2 67.12  19.51 ' S S e e e
20 6.1 61.74 16.52 250 76.2 67.37 19.65 60 EESE e et
30 9.1 62.15 16.75 260 79.2 67.53 19.74 m REHE et e St e -
40 12.2 63.03 17.24 270 82.3  67.82  19.90 5 50 BER EERIEIE R Es
50 . 15.2 63.41  17.45 280 85.3 68.05 20.03 o e T ETER S s e e e
60 © 18.3 63.59 17.55 290 88.4 68.22  20.12 8 = S ot e o
70 21.3 63.75 17.64 300 91.4 68.49  20.27 & 80 [Eir=iempmpieeiee et
80 24.4 63.99 17.77 - 310 94.5 68.72  20.40 R e e T s
90 27.4 64.24 17.91 320 97.5 68.90 20.50 S g0 ThEsE N et
100 30.5 64.44  18.02 330 100.6  69.15 20.64 e e e el e e e L
110 33.5 64.65 18.14 340 103.6  69.35 20.75 A % e s R e e e
120 36.6 64.85 18.25 350 106.7 69.57  20.87 100 e e e ==
130 39.6 64.99 18.33 - 360 109.7 69.84  21.02 - = T e e
140 42.7 65.17  18.43 370 112.8  70.05 21.14 110 (bbb e e e
150 45.7 65.37 18.54 380 115.8 70.30 21.28 ' e e B e e o B i R e e e
160 48.8 65.59  18.66 390 118.9 70.54  21.41 120 (RS EEERE e
170 51.8 65.75 18.75 400 121.9  70.79  21.55 S e e e
180 54.9 66.02  18.90 410 125.0 71.01  21.67 Hp e e et et et it e o e e
190 57.9 66.15 18,97 420 128.0  71.20 21.78 130 iR e he il
200 61.0 66.27 19.04 430 131.1 71.44 21,91 e eni e EscmRane
210 64.0 66.47 19.15 440 134.1 71.65 22.03 140 e b e e
220 67.1 66.74  19.30 450 137.2 71.87  22.15 o e o e oo B e L e o E S
230 70.1 66.97 19.43 460 140.2 72.09  22.27 i e e S e e e e s o) B e e
150 [EEpmiEmm e e b i
e B e R e e e ] e L s
160 ~i ;:l,- g5 ot ey ey Sae) PRl dad bt P e e
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