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ABSTRACT

A total of 322 stations, centered on the City of Alamosa, were surveyed
‘with a gravimeter during September, 1981. These data have shown the Alamosa
‘horst to have an irregular top. This irregularity is thought to be caused by
paleovalleys and/or down-dropped fault blocks within the Precambrian horst.
The City of Alamosa lies directly over a local gravity low. Volcanic rocks
within this low may contain a reﬁervoir for geothermal fiujds, as yet
unsubstantiated by drilling. Thermal fluids are thought to enter the Alamosa
area via aquifers from the west (San.Juan Mountains) and/or from the Rio
Grande Rift zong with the fluids rising along fractures within and bordering
the horst. 'The most favorable drilling targets appear to be either near the
center of the local gravity low or in the fracture zone ai the edges of the

inferred down-dropped fault blocks.



INTRODUCTION

At the request of DOE/DGE Idaho Operations Office the Earth Science
Laboratory/University of Utah Research Institute (ESL/UURI) undertook a
deteiled gravity survey of a 200 square mile area centered on‘the City of
Alamosa, Colorado. Low temperature-(90-110°F) geothermal fluids are currently
being used by several businesses in or near Alamosa. These include direct

heating of motels, shopping malls and public swimming pools.

| The City of Alamosa, through participation in the DOE/DGE User-Coupled
Drilling Program, had contracted to drill for thermal fluids which would be
used for district heating and industrial processing. A drill site had been
selected and drilling scheduled but prior to its commencement, ESL received
'the‘request from DOE/DGE Idaho Operations Office te perform a gravity
survey. This gravity survey was to provide additional data which would aid in

the selection of a drill site within the area most promising for thermal

fluids.

* A meeting was held with the dri]lihg contractor, Dr. Jay Kunze of Energy

SerYices Inc., Idaho Falls, Idaho, immedfateiy following the field survey. A

rough copy of the Bouguer gravity map was presented and its general
implications were discussed. Unfortunetely, the 1nitialldrill site was

drilled irrespective of the gravity results.
GENERAL GEOLOGY

The generalized geology of the Alamosa area presented in this report is,
for the most paft, a summary of Colorado Geological SurVey Special Publication

17 by Dr. Richard L. Burroughs (1981).



The City of Alamosa is located at the south-central end of an
intermontane structural depression. This valley is approximately 40 miles
wide and 70 miles long‘(Figure 1) and is designated the Alamosa Basin.
Trending north-south through the center of the Alamosa Basin is a buried
‘bedrock horst. The City of Alamosa lies directly above this horst which
consists of Precambrian rocks and has been penetrated at a depth of about 5400
feet by a drill test located roughly 10 miles north of town in the CSESW Sec.
16, T.29N., R.10W.

Additional drilling still further to the north of town has shown that the
two grabens formed on either side of the Alamosa Horst (Plate I) have
developed at different times geologica]ly and to significantly different
depths. The Baca Graben which formed to the east’of Alamosa has an
accumulation of valley fill estimated to be at least 19,000 feet thick. This
graben was well formed prior to the late Eocene. The Monte Vista Graben
formed west of the horst during the Pre-Miocene'and has accumulated about
10,000 feet of material which contains ash-flow tuffs and vd]canociastics from
the San Juan volcanic field still further to the west. These volcanics are
not thought to extend in any significant thickness, across the Alamosa Horst

nor are they present in the Baca Graben to the east.

Gravity,Data

The grapity data in the‘Alamosa Basin prior'to the ESL surVey consisted,
in part. of USGS data presented on Map GP-895 by Behrendt and Gajwa (1974); a
Masters Thesis, University of Texas at El Paso (Davis, 1979) which included
approximate]y 3500 stations from the files of the Department of Defense
gravity library; and recent unpublished data from the Colorado School of

- Mines. With the exception of the Colorado Sthool of Mines data, these gravity
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(modified after Upson, 1939).
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data are of a regional nature with stationsjbeing occupied generally at two
mile spacings wherever possible, and at ben¢hmarks; road intersections,

section corners etc. where photogrammetric elevations are available.

Survey Procedure

The ESL survey was restricted to roadsﬁcovering a 200 square mile area
centered on the city of Alamosa., Stations were locafed at points with
phofogrammetric elevations, i.e. benchmarks} road junctions, section corners
whenever possible at 0.25, 0.5 and 1.0 milelintervals,radiating outward from
town. Because the topography is so uniform:within the surQeyzaréa, elevations

of other stations were picked from their locations on topographic maps.

Stations were acquired in a looping meﬁhod, each loop being of
approximately three hours durafion. Base readings were taken at the start and
completion of each loop. Thé initial base was the USAF station located in the
SW corner of the 0ld Post Office building oﬂ the éorner of San Juan and 4th
Avenues.‘ An alternate base stationlwas set |at benchmark H364 locéted on the

east side of the intersection of State Avenue and 17th Street.

The Bouguer gravity was cbmputed using:standard data reduction
teéhniques. The adopted gravity value for ?he Post Office base station was
979.23498 gals which was determined using’tﬂe Geodetic Reference System (GRS), -

1967 (Woollard, 1979).

Survey Results

-~ The results of the survey are presenteq as the Simple Bouguer Gravity Map
(Plate II). The long profile trending into Alamosa from the Northwest,
consisting of stations numbered 2001 to 2060 and 1801 to 1822, was provided by



being at their junction.

Dr. Ralph C. Holmer of the Colorado School of Mines. This profile indicates

the western edge of the Alamosa horst as a steep‘local gradient which is

_superimposed upon a strong regional gravity gradient. The regional trend

undoubtedly continues westward into the thick volcanic section comprising the
San Juan volcanic‘field. ’The gravity profile across the horst indicates that
the city of Alamosa sets on a gravity low., The Colorado School of Mines data
did not define the eastern edge of the Alamosa Horst. This profile was
therefore extended an additional four miles to the east by ESL. The eastern
edge of the horst appears to be located Qpproximately one mile east of the

point where the School of Mines profile ended, (at station 1822). While the

- ESL extension did not completely cross the Baca graben, sufficient data were

acquired to indicate this graben is likely formed from several down-faulted

blocks.

Three gravity highs, separate and distinct from each other, were
delineated within the 1imits of this survey. These occur to the northwest,
northeast and south of town énd border the local gravity low at Alamosa. This

low is centered roughly midway between main street (Highway 160) and the

airport. The low is localized within the hbet'and is of 1.0 to 1.5 mgals

amplitude. An east-west trending “trough" éuggesté_éontinuity with both the
Monte Vista and Baca géabens. Another “tro}gh“;extends nbrthwafd'from town
and it is these "troughs" that separate the gravity highs’froﬁ each other.
These "troughs” then form an inverted “T" (|1 ) with the Tow bn the horst

Model Results

The gravity data presented on Plate II were interpreted in terms of

subsurface structure by computing two and one-half dimensional and three-



dimensional models using algorithms modified at ESL. The resﬁltant models,
shown as Plate III to Plate V, are excellent fits to the Bouguer gravity
data. Interpretational ambiguitieé include the density, depth of burial and
thickness of the various rocks units, and these result in a non-unique

interpretation of the gravity data.

In computing the three-dimensional model, rectangular prisms of varying
dimensions and density are combined to approximate irregularities in the
subsurface bedrock. The parameters for the model determined to be.a “best

fit" to the Bouguer gravity map are listed in Appendix A.

The model on Plate III suggests the two northern gravity highs are caused
by Precambrian rocks occurring at depths between 4,750 feet and 5,600 feet.
The gravity low between the northern highs is formed in the model by placing a
down-dropped block at a depth of 5,600 feet,‘ This block has an inferrgd
section of volcaniclastics 600 feet thick above the Precambrian rocks. The -
gravity low upon which Alamosa is IQcated was modeléd with two~down-dropped
blocks. The first, centered on the low,'has’inferred volcaniclastics, 1460
feef thick,> in the depth interval of 5;600 feet to 7,000 feet. The second;
which forces an eastward elongétion of‘the Tow, has inferred volcaniclastics,
900 feet thick, in the depth interval of 5,600 feet to 6,500 feet. Finally,

the’gravity high to the south of town was modeied with Precambrian rocks at a
depth of 5,000 feet. |
Plates IV and V show model results using a 2%@- diménsionql algorithm

original]y'deveIOped by the‘USGS,(Qady, 1977). Tﬁis algorithm is 2%@-

dimensional in that it allows for polygons of finite rather than infinite

width,



Two profiles, labeled B-B' and D-D', were computed as north-south and
east-west profiles, respectively, across the survey area (Plate II). Geologic
control for these profiles is taken from Plate I of Burroughs, 1981, This»
geologic cross-section crosses the Alamosa horSt to the north of the survey

“area and utilizes deep drill hole data for control.
- GEOLOGIC IMPLICATIONS

Obviously the top of the Alamosa horst is very irregular, the most likely
cause being structural deformation (faulting) of the horst itself due to
rifting. Based upon the picture presented by the ESL Bouguer gravity map and
the computer models, it is hypothesized that the "troughs" define down-faulted
blocks within the horst. The gravity highs are more stable portions of the
horst and the local gravfty ldw centered on A]amosa is possibly due to an
intersection of east-west ahd north trending fault sets which may have caused

a small block to be down-dropped a few hundred feet.

(’Cuttings from the drill hole recently completed for the City of Alamosa
show the presence of a significant thickness of Oligocene (?) volcaniclastics
filling'in the “troughs". These.Qolcanicléstfcs were encountéred at a depth
of'approximateiy 5,300 feet and continued until the Precambrién was
intérsected at 6,370 feet (J. Zeiéloft;jpefs.réomm.). This driil hole wa§
‘ 1oca£ed on the southwest,flank'of,the local gravity lbw; hence, a thicker
section of volcaniciastics prpbably éxists within the center of the gravity

Tow.

. It is not known if. volcaniclastic rocks cap Precambrian basement beneath
the gravity highs. Conceivably the volcaniclastics could have formed a

blanket over Precambrian highs and these volcaniclastics were subsequently




eroded during the Late Eocene. It is also possible that the gravity highs are
indicative of Precambrian rocks without associated volcanic cover as assumed
by the 3-D model. In any event, the recent drill-hole has shown the presence
of the volcaniclastics within the local gravity low and these very probably

extend throughout the postulated “"troughs".

EXPLORATION TARGET

Burroughs (1981) has mentioned the presence of paleovalleys and/or down-
dropped blocks along the Alambsé horst and has discussed their impor;ance to
the discovery of geothermal fluids. The detailed gravity survey completed by
ESL‘has further indicated what appears to be paieova]leys and/or down-dropped
blocks within the Alamosa horst. These appear to traverse the crest of the
horst in a north and east-west direction and could allow for communication of
water betweén the Monte Vista and Baca grabens. The hole drilled by Energy
Services, Inc. has'showd'the presence»bf at least 1,060 feet of
volcaniclastics upon the Alamosa horst near the airport. Since these rocks
comprise part of what is called the “confihed aquifer" there appears to be
adequate.reservoir potential fof’ponded geothermal f]uids'particularly.within

~ the areas of the’dbwn-dropped blocks.

~ The source of the thermal watersrwithin'the Alamosa‘érea is not known.
:The‘area4is part of the Rio Grande Rift zone sotdegp circulation of meteoric
watérs‘is possible. These heated fluids wou]dvlikely rise along the border
fauits of the Alamosa horst and‘could cénceivably filter throuéh the horst
“along the fracfurés of the downédroppedvblocks. Alternatively,'thermal waters
could be movingflétéfal]y away from a heat source in the San Juan‘vdlcanic
field and into the Alamosa area as postulated by Burroughs (1981). Certainly

the’high heat flow measurements (2.85 + 0.65 HFU) in the San Juan volcanic



field support the presence of a buried heat source. The eastward dip of the
volcanic rocks within the Monte Vista graben would place the Alamosa area down

dip and along the hydrologic gradient.

Regardless of the thermal fluid source, it is still possible to formulate
an exploration target in the Alamosa area. If the volcanics form a reservoir
for. thermal fluids, then an area such as the local gravity low centered on
Alamosa would likely have a thicker volcanic section and hence a greater
chance for development of a sizable reservoir. Not all volcanic flows have
the same texture or, more importantly, the same porosity and permeability. A
drill-hole centefed on the gravity low would likely intersect the greatest

thickness of volcaniclastics and thus increase the odds for a productive well.

Since fluids might be f]oWing along fractures as well as through
aquifers; an alternative drill location could test a major fracture zone.
' Whiie the major bounding}faults to’the Alamosa hdrst can not be overlooked as
poténtia] targets, a better area might be found on the horst itself along one
of the borders to the postulated down-faulted b]ocks. An area could be
idéntified whére‘twovor more of these blocks and/or faults iﬁtersect. Such an
§réd may exist aiong the northéfn side of the local gravity low. It would be
necessary‘td begter'define the edges of any down-fau]téd blocks before N
vdriiling in tﬁis area. This cahnot be done with additional gravity data but
mayibe achieved/with a reflection sefsmic éurvey; This could be quite

expensive ($20,000 to $40,000) but it would still be less costly than drilling

‘a “dry" hole.
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Project name:

Model:

Units in Feet

Alamosa Area, Colorado

APPENDIX A

Gravity Survey

3-D Gravity Model

PRISM X1 X2 V1 v2___ Dl D2 D
1 -85000. 100000. -85000. 265000, 0. 20000. -0.83
2 -21120.  -2640. 10560, 27984, 5000,  5200.  0.83
3 -12144.,  -7392. 20000,  25000. 4900.  5200.  0.83
4  15840. 24816, 10000, 15840, 4500,  5200.  0.83
5 8448, 21120, 29568, 32736, 4750, 5200,  0.83
6 21120, 24816,  15840.  40000. 5000, 5200,  0.83
7 18480, 31680, -18480.  -7392. 5400, 5600,  0.83
8 -13728.  -2640. -18480.  -5280. 5300, 5600,  0.83
9  -26400. 52800,  -85000. -18480.  5000.  20000.  0.83
10 -2640. 8448, -10560.  6500. 5600, 7000,  -0.45
11 8448, 18480, -10560. 2112, 5600, 6500, -0.45

12 31680. 62800, -18480. 265000, 7000 20000  0.83
13 -26400. 31680, -18480. 47520, 5600, 20000.  0.83
14  -85000. -26400. -85000. 265000. 5600, = 8000.  0.63
15  -26500, 31680, 47520, 265000. 5400, 20000,  0.83

16 640, 848, - 6500, 47520, 5600,  6200. -0.45
17 -85000. -26400. _85000. 265000, 8000, 10000.  0.35
18 75000. 1100000, -85000. 265000, 12500. 20000  0.83
19 52800, 75000, -85000. 265000. 10000, 20000, - 0.83

20 -85000. -26400. -85000. 265000 10000. 20000,  0.83
21  -26400.  -2640, 6500, 40000, 5200,  5600.  0.83
22 8448.  31680. 6500, 40000, . 5200, 5600,  0.83

13



Grid Parameters
Gravity Model
Number of Grid Points in X Direction:
Number of Grid Points in Y Direction:
Grid Spacing in Feet: 5280.00
X Offset in Feet: 0.00
Y Offset in Feet: .0.00
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APPENDIX B
PRINCIPAL FACTORS FOR GRAVITY STATIONS
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