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A Gravity Study of the Nampa-Caldwell Area, Canyon County, Idaho*

J. RoGER OLSEN
Texaco
P.0. Box 52332
Houwston, Texas 77052

ABSTRACT.—A gravity study of the Nampa-Caldwell area is part of an integrated
geological and geophysical study being done by the Idaho Department of Wa-
ter Resources, Geothermal Division, for the purpose of evaluating the geother-
mal potential of the area. Gravity was measured at 680 stations with a Worden
Geodesist Gravimeter in an area of 182 square miles. A terrain-corrected Bou-
guer anomaly map was produced which shows: (1) a strong (15-20 mgal)
northwest trending gravity high: (2) linear anomalies trending north-south and
east-west; and (3) high spatial frequency anomalies with complex oriencadion.
The northwest-trending gravity high is a regional anomaly probably caused by a
thick accumulation of volcanic material in a faule-bounded or downwarped
structural trough. A third-order polynomial residual map was chosen to empha-
size local, near-surface anomalies and depress the regional anomaly. The residual
linear-trending anomalies were interpreted as buried faults, but they could result
from a buried low-density erosional remnant. A residual gravity high (3 mgals)
centered near Lake Lowell was interpreted as a possibile near-surface basalt flow,
bur it may also be an artifact of map processing. The high-frequency anomalies
probably represent structural complexities in near-surface basalt flows. Two and
one-half dimensional modeling (i.e., finite scrike length and constant polygonal
cross section) shows general magnitudes and possible configurations of anoma-
-ly-producing bodies, but it is not possible to deduce specific geologic structures
from gravity dara alone.
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of southern Idaho, and Mabey (1976) published an inter-
pretation of this map, including two-dimensional interpretive
models. Several deep exploration wells have been drilled in or
near the study area, logs of which are available from the Idaho
Bureau of Mines and Geology.

) Current Work

In addition to the gravity study of the Nampa-Caldwell
area, several other concurrent geologic investigations are being
conducted under the direction of the Idaho Department of
Water Resources, Geothermal Division. These include correla-
tion of water well data (Anderson unpublished preliminary
study 1979); geochemical investigation (Mitchell pers. comm.
1979); photolineament study (Anderson unpublished 1979);
heat flow study (Mitchell pers. comm. 1979); and detailed geo-
logic mapping (Wood preliminary map and report in prepara-
tion 1979).

Regional Geologic Sctting‘
The Nampa-Caldwell area is located in the Malheur-Boise
Basin section of the High Lava Plains subprovinces of the Co-
Jumbia Intermontane geomorphic province (Freeman and oth-

" ers 1945). This section forms a deep northwest-trending struc-

and others of the Idaho Department of Water Resources for '

their assistance during various phases of this study. I am grate-
ful to my wife, Sandra, who served as my field assistant and
aided in typing and data handling, and to my parents, Mr. and
Mis. John Olsen, for their support.

INTRODUCTION

A gravity study of the Nampa-Caldwell area in Canyon
County (figs. 1, 2) is part of an integrated geological and
geophysical program being conducted by the Idaho Depart-
ment of Water Resources, Geothermal Division. The overall
objective of the program is to evaluate the geothermal poten-
tial of the Nampa-Caldwell area. The purpose of the gravity
study is twofold: (1) compile a terrain-corrected Bouguer gravi-
ty anomaly map and a residual gravity anomaly map, and (2)
produce interpretive models of gravity profiles in areas where
well-defined anomalies exist.

Previous Work

The geology and mineral resources of Ada and Canyon |

Counties is summarized by Savage (1958). Malde and others
(1962) review upper Cenozoic stratigraphy, and Newton and
Corcoran (1963) present stratigraphic information from wells
within or near the study area that aids in stratigraphic correla-
tion and intefpretation of subsurface geologic structures.
Mabey and others (1974) compiled 2 preliminary gravity map

7

Caldwel}
STUDY AR ;A
Nampa
Lake

Lowell

<z

. 10 MILES
_———————_—

FIGURE 1.—Index map showing location of study area.

*A thesis presented to the Department of Geology, Brigham Young University, in parrial fuilfillment of the requirements for the degree Master of Science, August 1979. Thesis chairman: John R. Pelton.
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102 J R
tural trough, the upper part of which is filled with a thick
sequence of clastic sediments of streams, playas, and lakes, in-
terlayered with volcanics. Relief is low, and there is an almost
complete cover of sediment and basaltic flows.

Gravity data and, to a lesser extent, acromagnetic data in-
dicate that basaltic infill of the lower part of the trough is from
2% miles to as much as 7 miles thick (Mabey 1976). The
amount of interlayered sediment in the lower trough is un-
known. These basalts have been displaced downward by pro-

OLSEN

gressive crustal thinning due to rifting throughout most of the
Cenozoic (Warner 1977). The Idaho batholith presumably un-
derlies the entire study area at an unknown depth (Taubeneck
1971).

Structural Geology of the Nampa-Caldwell Area
The area is situated in a structural zone having a strong
northwest trend as indicated by regional gravity, regional aero-
magnetics, photolineaments, and surface mapping. A north-
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west-trending gravity high is indicated on the regional gravity  the regional trend, one passing through Nampa and the other
map of Mabey (1976). Lesser Bouguer anomaly values are in-  passing immediately south of Caldwell. No interpretation of
dicated in the northeast and southwest corners of the area, sug-  the lineaments has been published. '

gesting that the area lies on a trough or graben infilled with a Surface mapping indicates a region at least 6 miles wide of
thick sequence of dense volcanic flows (Mabey 1976). A photo-  normal faulting in the Lake Lowell area (fig. 3). The fault zone
lineament study shows three lineament zones trending north-  may extend farther northward, but there is no topographic ex-
west-southeast, but with two lineament zones perpendicular to  pression to indicate that it does. All faults strike north-
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westward, and dips are measured from 50° to 85°. Offsets
range to more than 100 feet in some cases, as indicated in drill-
er’s logs (John Anderson pers. comm. 1979). The faults were
probably active from 1.1 to 1.7 million years ago (Birkeland
and others 1971). This activity was probably contemporaneous
with basaltic eruptions (Wood pers. comm. 1979).

Correlation of deep exploration well logs in or near the
study area is currently under way. Preliminary findings of this
correlation show 2 structural basalt high north and northwest
of Nampa. Drill-hole correlation also indicates a great deal of
structural complexity in the subsurface Miocene units (Wood
pers. comm. 1979).

Stratigraphy

An understanding of stratigraphy is essential to the inter-
pretation of gravity data. From stratigraphic information infer-
ences may be made as to subsurface densities and depths of giv-
en stratigraphic horizons. A detailed stratigraphic column is
shown in figure 4 based on data and interpretations of Spencer
H. Wood and is used here with his permission. It is based on
correlation of logs of five deep wells in or near the study area
and on surface mapping.

DATA ACQUISITION AND REDUCTION

Instrumentation

All gravity readings for this survey were taken with a
Worden Geodesist Gravimeter No. 735 which has a precision
capability of 0.01 mgal. The scale constant for this instrument
is 0.1247(3) mgals per dial division. Elevation for two detailed
gravity profiles were determined using a Keuffel and Esser Car/
Ziess self-leveling level.

Survey Technique

Gravity stations were located on published 7% -minute
United States Geological Survey topographic quadrangle maps.
Where practical the stations were placed on a 0.5-mile grid on
section corners and quarter corners. Vertical control was ob-
tained from bench marks, corner elevations, or spot elevations
or was interpolated directly from topographic contours. A hand
level was used to adjust elevations to stations when necessary.

For two detailed gravity profiles, stations were chained on a
500-foot interval, and the levels were read to the nearest 0.1
foot. The level lines were not closed because of the short pro-
file lengths and relative flatness of the topography. On a third
detailed gravity profile along Interstate 80, elevations were ob-
tained from interstate highway plans. The purpose of the de-
tailed profiles is to provide more precise gravity values on
which to base 2%-dimensional models.

All gravity stations were tied to a common base station
(station no. 1) at a second-order Bureau of Reclamation bench
mark (located near the southeast corner of “Gabe’s Auto
Parts”) in Caldwell. Station no. 1 was occupied at least twice a
day. Intermediate field base stations were established and tied
to station no. 1 by a series of loops and occupied every three to
four hours to correct for drift. The sequence of stations for a
day’s work was ABCDEBFGHBA, A being station no. 1, B
being a field base, and the rest being gravity stations. The sta-
tions were numbered consecutively from 1 to 680. The gravi-
meter was read twice at each station, and, where the difference
exceeded 0.3 dial divisions (about 0.04 mgals), it was read again
until two consecutive readings fell within that tolerance.

At each station the following information was recorded:
station number, elevation to the nearest foot, time to the near-

est five minutes, instrument temperature to the nearest degree
Fahrenheit, at least two gravimeter readings, and remarks such
as location, interference, elevation rcliability, etc. The station
locations were also marked on maps using a numbered pinprick
on the back of 7%-minute topographic quadrangle sheets. The
field techniques are based on those recommended by Dobrin
(1976, p. 404-10) and Telford and others (1978, p. 43-48).

Data Reduction

Reduction of gravimeter readings to simple Bouguer gravi-
ty anomaly values was accomplished using a gravity reduction
program developed at the University of Utah. The program was
adapted for use on the IBM System 360 at Brigham Young
University, where the reduction was done,

The reduction program converts gravimeter readings to ob-
served gravity values according to the following equation:
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where g(8) is the observed gravity in mgals at station S, g(B) is
the observed gravity in mgals at 2 base station B, R is the gra-
vimeter reading at station S, and Ry is the gravimeter reading
at base station B. All observed gravity values are ultimately ref-
erenced to an absolute gravity station (DOD station 1302-0) at
Ontario, Oregon. The station is located at the Ontario airport
on a concrete sidewalk at ground level against the first step at
the westernmost entrance on the north side of the Air West
terminal building. It was set in June 1974 by the Department

of Defense. The IGSN value of this station is 980,289.78 mgals. .

The reduction program then computes a theoretical gravicy
value for station S as follows:

gm(S) = g(d) + FC + BC (2

where gry(S) is the theoretical gravity for S, d is the latitude of
S, g(d) is the gravity at latitude (d) calculated from the Inter-
national Gravity Formula (Swick 1942), FC is the free-air cor-
rection (-0.09406 mgal per foot of elevation above mean sea
level), and BC is the Bouguer correction (+0.01276 p mgal per
foot of elevation above mean sea level where p is the Bouguer
slab density in- gm/cc). The Bouguer slab density for this study
was chosen to be 2.0 gm/cc on the basis of densities obrained
from the formation density logs of the James no. 1 and Hig-
genson no. 1 wells, both located immediately east of the study
area.

Finally, the reduction program computes a2 Bouguer anom-
aly value for station S:

Ag(S) = g(8) - gm(S) 3)

The Bouguer anomaly values are output in 2 listing that in-
cludes details of the computation process.

It is important to note that the program makes a drift cor-

rection to each Rg of a loop before calculation of g(S). Drift

caused by tides and instrument factors is assumed to be linear

between end readings of a three- to four-hour loop made from
a field base.

Terrain Corrections

Terrain corrections were done through Zone [, maximum
radius 14,612 feet (Hammer 1939). Because of the low topo-
graphic profile of the area, it was felt that terrain corrections
through Zone I would be sufficiently accurate. Altogether 58
stations were terrain corrected. Terrain corrections of less than
0.05 mgals were ignored. The maximum terrain correction was
0.18 mgals. The average terrain correction for those 28 stations
with 0.05 mgals correction or more was 0.09 mgals (standard
deviation 0.04 mgals).

The terrain-corrected Bouguer gravity anomaly for the
Bouguer density of 2.0 gm/cc was hand contoured at 2 1 mgal
interval (fig. 5).

Reliability of Data

The total error in gravity data represents an accumulation
of several small errors.

The gravimeter used in the survey gave repeatable readings
within 0.03 mgals. The maximum change due to drift observed
during a single loop was 0.42 mgals. The mean drifc over 2
single loop was 0.11 mgals (standard deviation 0.01 mgals).
The reduction routine corrected for drift assuming linearity
with time, when in reality this variation departs somewhat
from true linearity even over a very short time. The amount of
error due to drift is reduced when loop times are shortened.
The largest loop time was 5.85 hours, the mean loop time was

Instrument reading was plotted against time for all base
station #1 readings (fig. 6). It shows a steady increase in read-
ings over the survey period (six weeks), with only low-frequen-
¢y and low-amplitude departures during that period. This in-
dicates that no “tear” exists in the data due to problems with
the gravimeter.

Before the survey began, the instrument calibration was
checked by “looping” it twice over a standard course. The in-
strument checked out to within 0.00 mgals of the standard es-
tablished by the University of Utah.

Another major source of errors in gravity data is due to im-
precise horizontal locations and elevations of gravity stations.
Virtually all the stations in the survey are located at road inter-
sections, section or quarter corners, bench marks, or easily rec-
ognizable landmarks. The topographic sheets are accurate to
1/50 of an inch which corresponds to about 40 feet on a
ground reference. The error in station location probably did
not exceed 100 feet in the north-south direction, which would
result in 2 maximum error in theoretical gravity of about 0.025
mgals at this latitude. The locations were digitized with a max-
imum error of 0.05 minute of an arc. This would result in a
theoretical gravity error of 0.055 mgals at this latitude if the
mislocation is in a north-south direction. Therefore the max-
imum total error due to horizontal mislocation is probably
about 0.080 mgals.

Ten percent of the stations were at first or second order
bench marks, 33 percent were at comners with published eleva-
tion, and the remaining 57 percent were interpolated from con-
tour lines taken directly from the topographical sheets. The
maximum error would occur in the last category (57%). The
contours are accurate to one-half the contour interval. Seventy-
seven percent of the area was covered with topographic sheets,
which had a 10-foot contour interval and 5-foot intermediates,
which would result in 2 maximum error of from 2.5 feet to 5
feet, or 0.15 to 0.30 mgals in theoretical gravity. Twenty-three
percent of the area was covered with topographic sheets having
a 20-foot contour interval with 10-foot intermediates, which
would result in a maximum error of from 5 to 10 feet or 0.30
to 0.60 mgals in theoretical gravity. Therefore, the roral max-
imum error due to inaccurate elevations is about 0.60 mgals.
Hand leveling berween landmarks of known elevation probably
reduced this error somewhat.

Terrain corrections of less than 0.05 mgals were ignored;
therefore, the maximum error in theoretical gravity due to ter-
rain is 0.05 mgals. Eight and five-tenths percent of the stations
were terrain corrected. Fifty percent of those corrected had ter-
rain corrections which exceeded 0.05 mgals.

GRAVITY DATA ANALYSIS

Terrain-Correcred Bouguer Gravity Anomaly Map

To facilitate the interpretation of the processed gravity data
the terrain-corrected Bouguer gravity anomaly was hand-con-
toured onto a base map (fig. 5). The datum is mean sea level,
the Bouguer density is 2.0 gm/cc, and the contour interval is 1
mgal. It was felt that this contour interval would optimize the
visual interpretation of gravity anomalies. A smaller interval
would tend to clutter the map, and a larger interval would fail
to make efficient use of the gravity data and would undoubt-
edly obscure some anomalies. The map was originally drawn to
a scale of 1:48,000 so as to conform to published topographic
base maps, as well as other maps currently in preparation by
the Idaho Department of Water Resources, but, like the pre-
liminary geologic map by Spencer H. Wood (fig. 3), is includ-
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is included to show relationships between gravity anomalies
and surface geology.

The most striking feature of the terrain-corrected Bouguer
anomaly map (fig. 5) is the strong northwest regional trend.
This trend is consistent with the regional gravity and the mag-
netic and structural fabric of the High Lava Plains geomorphic
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subprovince. It has been interpreted by Hill (1963), Mabey
(1976), and Warner (1975) to be the result of crustal thinning,
normal block faulting forming grabenlike structures, and infill
with sediments and volcanics. The cause of such activity is be-
lieved to be pre-Tertiary rifting and left-lateral movement cen-
tering near the course of the present Snake River, followed by
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Tertiary downwarping and/or faulting (Warner 1975).

Because the regional gravity anomaly is so large and uni-
form, only generalizations may be made regarding local gravity
anomalies.

Near the left center margin of the map there is an area of
closure which appears to be due to the intersection of two
structural features, one trending to the north and the other to
the east. The sinusoidal nature of these anomalies is suggestive
of normal faults or long narrow grabens and horsts (Telford
and others 1976, p. 19). It is puzzling why these features run
contrary to the regional trend and die out so abruptly.

High-frequency anomalies near the center of the map are
probably due to near-surface features such as isolated basalt
flows, basalt flow surface irregularities, erosional remnants of
basalts, and/or minor fault blocks. This map was shown to
Spencer H. Wood, who agreed that the more specific inter-
pretations of local, near-surface anomalies are best made on the
basis of the residual gravity anomaly.

Third-Order Residual Gravity Anomaly Map

The regional, low-frequency gravity anomaly is assumed to
originate from large deep-seated sources whereas high frequency
residual anomalies are assurned to arise from near-surface, more
localized geologic features. Because a broad shallow source can
produce the same anomalies as 2 deep source, there is some am-
biguity arising from the above assumptions. The technique
used in this study for separating the regional from the residual
gravity anomalies was polynomial fitting. This method assumes
that the regional gravity anomaly may be approximated by a
low-order polynomial of two independent variables.

Using computer programs developed at the University of
Utah, I first calculated 2 polynomial which would best approx-
imate the regional gravity field. The program, using the com-
plete Bouguer anomaly data from the area, chooses constants
which define 2 polynomial of specified order such that the least

square error between the polynomial and the dara is minimized. -

Constants from the polynomial thus calculated were then
put into a residual program with the Bouguer gravity anomaly
dara to calculate the residual gravity anomaly, or the difference
between the original terrain-corrected Bouguer anomaly and an
anomaly calculated at that same point using the polynomial. -

On the basis of inspection it was felt that a third-order
polynomial would best fit the regional gravity anomaly ob-
served on the terrain-corrected Bouguer gravity anomaly map
(fig. 5). Higher orders would tend to pick up the local anoma-
lies, while 2 lower-order polynomial would not adequately re-
move the regional field.

Both the regional and residual gravity anomalies were hand
contoured, the regional at an interval of 1.0 mgals and the re-
sidual at an interval of 0.5 mgals.

: Regional Gravity Map

The regional gravity map (fig. 7) is included mainly for the
purpose of showing the shape of the field removed from the
terrain-corrected Bouguer anomaly to yield the residual gravicy
anomaly. It corresponds quite well to the regional Bouguer
gravity map prepared by Mabey and Peterson (1974).

In the southwest quarter of figure 7 a deep gravity low is
partially developed. It may have been produced by lack of data
near Lake Lowell because the polynomial was not constrained
by data in the area, and the fit was made by extrapolation over
great distances. Because of the possibility that this low in the
polynomial surface may be artificial, the residual high indicated
in the Lake Lowell area (fig. 8) may also be an artifact. Never-
theless, the shape of the regional low (fig. 7) is not in-
compatible with the regional gravity map of Mabey and Peter-
son (1974), and geologic dara tend to support its existence. It
will therefore be modeled as if it were real.

INTERPRETATION

Residual Gravity Anomaly Map—General Remarks

Before 2¥-dimensional modeling can be meaningfully un-
dertaken, gravity anomalies must be interpreted intuitively in
light of all known geologic data. I will here note some observa-
tions and suggest possible explanations for the most prominent
of the anomalies expressed on the residual gravity anomaly map
(fig. 8). -

The most striking feature of the map is the triangular grav-
ity low (A to D and 2 to 35, fig 9). This feature is formed by
the intersection of a strong north-south-trending anomaly near
the western border of the map and an east-west-trending anom-
aly near the center of the map. The hypotenuse is formed by a
group of strong high-frequency anomalies trending north-
westward.

The north-south-trending anomaly may be interpreted as‘a
buried fault. There is no surface expression of this feature, but
data from the Richardson No. 1 well (fig. 2) indicate that a
fault with a displacement of at least 500 feet has lowered this
area relative to the area on the ‘west. Wood (1979) suggests
that the faulting occurs at a depth of about 1000 feet on the
upthrown side. The trend of this anomaly continues nearly the
entire length of the western border of the area though its char-
acter changes abruptly between 5 and 6 (fig. 9). The reason for
the change is open to many possibilities: (1) che nature of the
regional gravity removed in the southwest quarter of the map,
as explained earlier; (2) masking of the feature by surface ba-
salts in the Lake Lowell area; (3) greater movement along the
fault north of what may be an east-west-trending fault (be-
tween 5 and 6, A to D, fig. 9); a north-south scissor fault with
a fulcrum near 5.5 (fig. 9). It is puzzling why the anomaly dies
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FIGURE 6.—Instrument-performance record for the time the dara was collected in the field (June and July 1978) showing general upward trend with only low-

frequency-and.Jow-amplitude deparrures from_point of beginning. indicating. that instrument funcrioned well during enire survey.
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out so abruptly in the north though masking by near-surface
basalts may be the answer. This problem will be dealt with in
more detail in a later section.

The east-west anomaly forming the base of the triangle
may also be a fault at a similar depth and of a similar dis-
placement to the one just described. It dies out abruptly on the
east end but appears possibly to continue to the west near the
border of the area. As with the southern end of the north-
trending anomaly, the character of the feature appears to have
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changed on the west. I envision a nearsurface basalt flow,
trending northwestward, to be masking the south and west
ends of these intersecting anomalies. This supposition is sub-
stantiated by shallow-well data in the area.

The high-frequency anomaly complex that forms the hy-
potenuse of this anomaly triangle is possibly the result of near-
surface flows. The irregularity is probably the result of a com-
bination of deposition on an irregular surface, flowage around
topographically positive areas, dissection by streams, and fault-
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FiGure 7.-Third-order polynomial model shows shape and magnitude of regional gravity anomaly removed from complete Bouguer anomaly to yield residual

gravity anomaly.



GRAVITY STUDY OF THE NAMPA-CALDWELL AREA 109

ing. Well data in the area attest to structural complexity in the  the present position seems unlikely on the basis of the inferred

subsurface. It is interesting to note that this complex anomaly geologic history of the area (Warner 1977).

parallels the regional gravity high. Another explanation is that the anomaly triangle is not

I here the entire st | fabri d h formed by faults, but rather that it represents flowage of basalt
D an area Where the entire Structural 1bric trends NOMA-  around 2 low-density erosional remnant. It scems unlikely

west, it is puzzling why the anomalies forming the arms of the (though not impossible) that the anomaly represents a triangu-

right triangle trend north-south and east-west. Rotation into  lar downdropped block.
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I feel that it would be hard to dispute the idea that this  area. It consists of a gravity high forming an area of closure
anomaly represents the combined effects of faults, basalt flows, —over 2 topogr:.lphic low. As mentioned .earlier, this anomaly
and other structural features supesimposed on one another. may be an artifact formed when the regional gravity was re-

Another interesting anomaly occurs in the Lake Lowell ~moved. On the basis of shallow drill-hole data and surface map-
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FIGURE 9.~Third-order polynomial residual gravity anomaly map showing locations of gravity profiles. Letters along top and numbers down left side are used for
locating anomalies referred to in text. :
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ping (fig. 3), the area appears to be 2 graben. The gravity high
is possibly formed by a shallow basalt which flowed into the
same basin where Lake Lowell is now, though renewed move-
ment along faults and downwarp may have deepened it after
the deposition of basalt.

From the northwest cormer through the east central border
of the area, the northwest grain of the terrain-corrected Bou-
guer anomaly map still persists. It is quite possible that 2
northwest-trending fault zone along the southwestern edge of
the trough truncated the north and east extensions of the lin-
ear features described earlier, burying all traces of them under
sequences of volcanics and alluvium.

I have here presented what I believe to be the most plau-
sible interpretations of the observed data in light of what is
currently known about the subsurface geology of the Nampa-
Caldwell area. Alternate interpretations for these, as well as oth-
er smaller or less pronounced anomalies, may be necessary
when more information becomes available.

Profile Modeling

Modeling of selected gravity profiles was accomplished with
the use of an inversion program developed by J. H. Snow (un-
published) at the University of Utah. In this program the for-
ward gravity problem is computed using a 2%-dimensional al-
gorithm developed by Cady (1977). Linear inversion adjusts
nodal vertices of polygonal cross sections and density contrasts
to obtain a better fit of the computed anomalies to the ob-
served anomalies (Carter and others 1978).

Profile locations were chosen in areas where gravity anoma-
lies were most pronounced, and also where at least some geo-
logic control existed or where some geologic interpretations
had already been made on the basis of known geology. Alto-
gether five profiles were modeled. The 2%:-dimensional pro-
gram allows independent specification of positive and negative
strike lengths, which were chosen to give the best fit to the
anomaly being modeled. Densities were based on borehole for-
mation density logs or were inferred on the basis of known or
assumed rock types.

Gravity values were either taken directly from the residual
gravity anomaly map (fig. 8) or were measured directly in the
field. For the values obtained from the residual gravity anomaly
map, the regional gravity was assumed to have been adequately
removed. For the detailed gravity profiles measurements were
made directly in the field and subsequently reduced to residual
values. ‘

The subsurface geology in the study area appears to be very
complex on the basis of gravity dara as well as other geologic
information. The models are accurate only insofar as the as-
sumptions on which they are based are accurate. There are an
infinite variety of combinations of geologic parameters which
may produce a given gravity anomaly. I have tried to reduce
this ambiguity by basing the models on all currently available
geologic data for the area.

Gravity Profile a-a’ and Interpretative Model.

Gravity values interpolated directly from the third-order
polynomial residual map (fig. 8) were used for profile a-2’ (fig.
10) along a 32,000-foot east-west line crossing Lake Lowell (see
8A to D, fig. 9). The Lake Lowell area is a topographic low
which may be a graben (Wood 1979). The preliminary geolog-
ic map (fig. 3) indicates normal faulting on both the northeast
and southwest sides of the lake. All the faults in this area strike
northwestward with the downdropped blocks nearest the lake
TANAY df:PGES:C—Gm-mT:;}9l9:).—:S]"””f“"?,""'“” data /Hrhn]ng;r 1ngc\

show a “lava” (basalt?) flow encountered to not more than 100
feet below the surface. It ranges in thickness from a few feet to
more than 300 feet, and preflow and postflow faulting is evi-
dent. In some areas other “lava” and cinder units are encoun-
tered at greater depths.

For the sake of this model I assumed a single homogeneous
flow with no faulting. The flow was assumed to be basalt with
a density of 3.0 gm/cc resting in a basin of unconsolidated clas-
tic sediments of density 2.1 gm/cc, which gives a density of
contrast of 0.9 gm/cc. The strike lengths used were 8,000 feet
in both directions. It was assumed that the flow was flar-
topped and exposed at the surface. A “perfect fit” was not
sought in modeling this profile because of the lack of gravity
and geologic data, but, as can be seen in figure 10, a good gen-
eral fit was obtained. The total sum of the squares is 6.273, the
variance is 0.216, and the standard deviation is 0.465.

The model shows 2 basalt slab with a flat top and an ir-
regular bottom. It is impossible to show the placement of
faults on the basis of so few geologic data. This model is meant
to show the general configuration of a surface flow which
would produce the given residual gravity anomaly (compare
profile b-b’ and interpretive model).

Gravity Profile b-b' and Interpretive Model

Gravity profile and interpretive model b-b’ (fig. 11) cross
the Lake Lowell area perpendicular to profile a-2” (see 5-9B, fig.
9). This profile is also 32,000 feet long. Gravity values were ob-
tained by direct interpolation from the third-order residual
gravity anomaly map (fig. 8).

For this model 2 basalt flow of density 3.0 gm/cm? was as-
sumed to lie on unconsolidated clastic sediments of density 2.1
gm/cc giving a density contrast of 0.9 gm/cm?. The flow was
assumed to be flat topped, but unlike model a-2’ is thicker and
covered by a 100-foot blanket of sediment. Well data and sur-
face mapping indicate that the flow (in.some areas) is buried to
about 100 feet. The basalt was assumed to be homogeneous
and unfaulted. A strike length of 8,000 feet was used in both
directions. As with profile a-2’, a perfect fit was not sought in
modeling profile b-b’. A reasonably close fit was obtained
which gave a total sum of the squares value of 3.259, a variance
of 0.105, and 2 standard deviation of 0.324.
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FIGURE 10.—Gravity profile 2-2° and 2% dimensional interpretive model. The
density contrast is 0.9 gm/cc and the strike lengths are 8000 feet in both
direction
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The deepest part of the flow (where gravity is highest) in
both models a-a’ and b-b’ occurs very near the topographic low
point in Lake Lowell. This suggests that downwarping and/or
faulting may be in part postflow and makes the assumption
doubtful. In both profiles a-a’ and b-b’ the assumed basalt layer
may be in reality thinner or less continuous than as modeled,
making the gravity anomaly due, in part, to some other source
such as multiple flows. The idea of a buried intrusion seems
unlikely to account for the anomaly on the basis of regional
and local geology and history (Warner 1977). A high-density
erosional remnant is another possibility, but I am skeptical be-
cause of known regional and local geology.

Gravity Profile c-c’ and Interpretive Model

Profile c-¢’ was taken along a 15,400-foot north-south line
(fig. 12; C/D4-6, fig. 9). Gravity values for the northern mile
of this profile were interpolated from the residual gravity
anomaly map (fig. 8), and values for the remaining part of the
profile were taken from a detailed gravity survey with a station
spacing of 500 feet. Elevations for the profile were obtained by
running a level line along the profile route.

Shallow-well data indicate a great deal of structural com-
plexity in the area of this profile. Generally speaking, the very
near-surface (500 feet or less) basalts in both wells and in sur-
face outcrop are not nearly thick enough to account for the
entire anomaly though they no doubt contribute to it.

Because of the lack of subsurface geologic information, it
would be futile to try to model exact locations and structures
of basalts or other rock bodies in any detail. This model at-
tempts to show the distribution and general configuration of a
flow which might be responsible for producing this anomaly. A
basalt having a density of 3.0 gm/cc buried below surface sedi-
ments of density 2.2 gm/cc is assumed. This gives a density
contrast of 0.8 gm/cc. A strike length of 1,000 feet was used in
both directions. A good fit was obtained for this model. The
total sum of the squares 0.670, the variance is 0.032, and the
standard deviation is 0.179.
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FIGURE 11.-Gravity profile b-b’ and 2% dimensional interpretive model. The
density contrast is 0.9 gm/cc and the strike lengths are 8000 feet in both
directions.

Gravity Profile d-d' and Interpretive Model

Gravity Profile d-d” is an east-west profile 8,500 feet in
length (3/4 A-B, fig. 9). For this profile gravity measurements
were taken every 500 feet, and elevations were determined by
leveling (fig. 13).
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FIGURE 12.-Gravity profile ¢-¢’ and 2V dimensional interpretive model. The
density contrast is 0.8 gm/cc and the strike lengths are 1000 feet in both
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FIGURE 13.-Gravity profile d-d’ and 2% dimensional interpretive model. The
density concrase is 0.8 gm/cc and the strike lengths are 8000 feet in both
directions.
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For this model the strong north-south-trending anomaly
which the profile crosses is assumed to be 2 fault. Correlation
of drill-hole data indicates that a fault (or faults) exists some-
where west of the Richardson No. 1 well (see fig. 2 for loca-
tion). Well data indicate that the throw of the faule (if a single
fault is involved) is at least 500 feet. I made-the top of the ba-
sale on the upthrown block in the model to lie at a depth of
1,000 feet as well data indicate that burial is at least that deep.
A “slab” of basalt was inserted at the right side of the model to
represent the near-surface flow.

A good fit was obtained during the inversion portion of
the modeling process. The sum of the squares was 0.481, the
variance was 0.034, and the standard deviation was 0.185. It
must be understood that, if the fault is actually deeper than as
modeled, the throw must be increased. Likewise, if the density
contrast is less than 0.8 gm/cc (it is doubtful thar it would be
greater), the throw would again be increased.

Gravity Profile e-¢
Profile e-¢’ is a detailed profile raken along Interstate 80N

(fig. 9). It is 24,000 feet long. Gravity measurements were .

made at stations spaced along the profile at 500-foot intervals.
Elevations were obtained from interstate highway plans.

No models were made for this profile because of its com-
plexity, variable strike lengths, and lack of geologic control. It
is included here only to show its complexity (fig. 14).

Gravity Profile f-f and Intespretive Model

Gravity profile £f is taken along a north-south line 12,000
feet long (fig. 15; B2-3, fig. 9). The gravity values for this pro-
file were interpolated directly from the third-order residual
gravity anomaly map. For this reason a “perfect fit” was not
sought. A reasonably close fit was obrained, however, which
yielded a total sum of the squares of 0.616, a variance of 0.031,
and a standard deviation of 0.176.

The flow in the model may have been dissected by streams,
faulted, downwarped, or deposited on an uneven surface. The
areal shape of -the anomaly may also have been controlled by
basalt flowing around low-density surface features, such as hills.
The sharp right angles in the model are obviously unrealistic
for basalt flows.

Gravity Profile g-g’ and Interpretive Models

Gravity profile g-g’ was taken along a north-south line
36,000 feet long, (F1 to 6, fig. 9). Gravity values for the profile
were taken directly from the residual gravity anomaly map (fig.
8).
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Because of lack of deep-well data in the immediate area of
the profile, the depths and thicknesses of flows are not known.
For this reason three models were made to show the con-
figuration of a sequence of flows of variable thickness and
depth which would produce the observed anomaly. The first
model (fig. 16) had a total sum of the squares of 1.170, a vari-
ance of 0.051, and a standard deviation of 0.226. The second
model (fig. 17) yielded a total sum of the squares of 1.792, a
variance of 0.075, and 2 standard deviation of 0.273. The third
model (fig. 18) yielded a total sum of squares of 1.790, a vari-
ance of 0.081, and a standard deviation of 0.285.
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FIGURE ié.lGrzvity profile f-f and 2% dimensional interpretive model The
density contrast is 0.8 gm/cc and the strike lengths are 8000 feet in both
directions.
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SUMMARY AND CONCLUSIONS

The gravity study of the Nampa-Caldwell area in Canyon
County in western Idaho is part of an integrated geological and
geophysical study being done by the Idaho Department of Wa-
ter Resources Geothermal Division to better evaluate the geo-
thermal potential of the area. Gravity was measured at 680 sta-
tions in an area of 182 square miles with an average station
spacing of .05 miles. The dara were reduced by computer using
a program which first calculated theoretical gravity using the
international gravity formula, then applied a free air correction
of -0.09406 mgal per foot of elevation above mean sea level and
a Bouguer correction of +0.01276 p mgal per foot of elevation
above mean sea level, where p is the Bouguer slab density in
g/cc. The simple Bouguer anomaly was hand terrain-correcred
using the method of Hammer (1939). Linear drift corrections
were made at the time of data reduction by the reduction pro-
gram.

The terrain-corrected Bouguer anomaly map of the Nampa-
Caldwell area indicates three types of anomalies: (1) a strong
(15-20 mgal) northwest-trending regional high, (2) linear
anomalies trending north-south and east-west, and (3) anoma-
lies of high spatial frequency with complex orientation. To em-
phasize the local anomalies and depress the regional gravity
high, a third-order polynomial was fitted to the rterrain-
corrected Bouguer anomaly map and removed from the data.

Features of the third-order polynomial residual gravity map
are: (1) a strong (5 mgal) right-triangular-shaped anomaly in
the northwest part of the area; (2) high-frequency anomalies
which form the hypotenuse of the triangular anomaly, and (3)
a closed anomaly in the Lake Lowell area. The “arms” of the
right-triangular anomaly have been interpreted as faults. The
same anomaly could also be produced by a buried low-density
erosional remnant. The high-frequency anomalies probably rep-
resent complexities in subsurface basalts. The anomaly over
Lake Lowell may result from a near-surface basalt flow in a
structural basin but may also be an artifact of map processing.
The residual gravity anomaly map has inherited the northwest-
trending fabric of the Bouguer anomaly map. Faulting and
downwarp along a northwest trend may have truncated the
“arms” of the triangular anomaly, obscuring them under vol-
canics and sediments. Masking by near-surface basalts may be
obscuring traces of this anomaly in the south and west.

Two and one-half-dimensional interpretive modeling was
done over selected anomalies. The purpose of all the models
was to suggest possible geologic features which could produce
the observed anomalies. Density contrasts were based on forma-
tion density logs or were inferred from lithologic data. The
models give a good general idea of the possible configurations
of anomaly-producing structures, but no definite conclusions
are implied because of lack of geologic control.

The appendix to this paper, manuscript pages 58-80, is on
open file in the Geology Department, Brigham Young
University, Provo, Utah 84602, where 2 Xerox copy may
be obtained.
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