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ABSTRACT

During tne‘Summers of:1975 and 1976, a gravity survey was con-
ducted 1n the'Cove‘Fort - Sulphurdale KGRA and north Mineral Mountains
area, Millard end Beaver counties, Utah. The survey consisted of 671
gravity stations.eovering an anea of about 1300 kmz. and included
two orthogonal gravity profiles traversing the area. The gravity
data are presentedzas a terrain-corrected Bouguer gravity anomaly
map with a contonr interval of 1 mgal and as an isometric three-
dimensional gravity anomaly surface. Selected anomaly separation
techniques were,applied to the hand-digitized gravity data (at 1-km
intervals on the Universal Transverse Mercator grid) in both the
frequency and épéée'domafns. including FoUrfer decompesition,.second
vertical derivative, strike-filter, and polynomia] fitting analysis,
respectively.

Residua] gravity gradients of 0.5 to 8. 0 mgal/km across north-
trending gravity contours observed through the Cove Fort area, the
Sulphurdale area, and the areas east of the East M1nera1 Mountains,
a1ong the west flanks of the Tushar Mountains, and on both the east
and west flanks of the north Mineral Mountatns, were attributed to |
north-trending Basin and Range high-angle fau1ts. Gravity~highs
exist over the-communjty of Black Rock area.,the north Mineral

Mountains, the:P&ieoZoic Outcrops in the east Cove CreekéDog*Vaileyu




White Sage Flats areas, the sedimentary thrust zone of the southern
Pavant Range, aod the East Mineral Mountains. The gravity lows over
north Milford Yalley, southern Black Rock Desert, Cunningham Wash,
and northern Beaver Valley are seporated from the above gravity highs
by steep gravity Qradients attrtbuted to a combfnation of crustal
warping and faoltfng. A grayity Tow with a closure of 2 mgal
corresponds with Sulphur_Cove, a‘ctrcular topographte feature
containing sulphur deposits.

An extensioo of the'Laramide overthrust sheet observed in the
southern Pavant Range is indicated as extending westward under ‘
alluvial and volcanic cover by a southwest-trending gravity saddle
- that lies over the Paleozoic sedimentary exposures. in the east Cove
Creek area and the,Pinnacle Pass igneous-sedimentary contact zone,
and that separatee the gravity Tow over nofth Mtlford'volley into
northern and soothern closures withra”rigﬁt~1atera1 offSet. The
possibie buried,tupwarped edge of this thrust sheet 1s indtcated by
a steep gravity;gradient on,the'north-SOUthtgravity~proffle; Basin
and Range high-aogle faolting is indicateo'on the eaSt;West gravity
profile. o | - |

The gravitytéaddle over the Pinnacle Pass Contactvtone overifes
a possible easteWeot strike-s1ip fault zone oetween the Mineral
Mountains pluton on the south aod the Laramide overthruet_on_the north.
The gravity thhe 1yfng north and south of Pinnacle Poss fndfcate a
‘right-lateral offset along and east-west zone that conttnues eastward
along an east-west geomorphic and structural feature to c1ear Creek

Canyon (which includes Sulphur Cove) in the Tushar Mountains outlining




an nferred east-west strike-s1ip fault zone (supported also by
aeromagnétic»datal, _ |

The‘prfncibaT occurrenées.of hydrothermal alteration, hot spring
depqsits, andvfiowing.hot sprfngs and hot-water wells in the survey
area apparently coincide wftﬁ the inferred intersections of: 1] east~
west, and 2) ndrfh-south and/br north-northeastwardftrending fault
zones. These océurrénces Tndlude Sulphurdale Hot Springs, Sulphur

Cove, and the Dog Yalley area,
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INTRODUCTION

Location of Survey

During June through September 1975 and June 1916.va gravity survey
was made in the Cove Fort - SulphurdaleiKGRA and north Mineral
Mountains area in Millard and Beaver counties, Utah (Fig. 1). The
purpose of the study was to help evaluate the geothermal potential of
this region. The survey forms part of a larger study that has been
'in progress since 1974 by the Geothermal Team of faculty and students
of the Department of Geo]ogy and Geophyjics. Un1versity of Utah to
evaluate the geothermal potential of the broader geothermal region in

southwestern Utah.

‘ Topography :

The survey area, which lies about 200 miles south-southwest of
Salt Lake City, extends east of the Union Pacific Rai]road in the
Escalante Desert, through the Black Rock Desert, to the western
flanks of the Tushar Mountains and south from the community of Black
Rock to the Mlllard Beaver county line with a small area east of
~the Mineral Mounta1ns (Figs. 1 and 2). | |

The centra]most feature of the suryey area is the. Mlneral
Mountains, wh1chir1se to over 8000 ft above sea level, which is at
least 2000 ft above the desert floor fouhd on three sides. To the west
of these mountaihsrlies Miiford Valley, forming a northern arm of the |

Escalante Desert; to the east 1ies Beaver Valley; and to the north
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| Ties the Black Rock Desert. The general topographic relief increases
overa]l by about 1200 ft southward and by about 4000 ft eastward. A
second central feature ié the Cove Fort Cinder Cone, which lies be-
tween the Mineral Range on the west énd the Pavant and Tushar Ranges
on the east and which rises to an elevation of 7000 ft,_

The southern part of the survey area, lying east of the Mineral
Mountains, is a topographic high. This region includes Gillies Hill
and Four-Mile Ridge and is seﬁarated from the Mineral Mountains by
Cunningham Wash. In this study this elevated region will be referfed
to as the “East Mineral Mountains®.

Access tﬁ:the general area is best made by Utah highways 257
and 21 that service Milford from the north ahd south,Nand west,
respectively. Beaver and Cove Fort are serviced prin#ipally by U.S;
Interstate Highway 15 extending north-south. Black Rock Road,
extending genéra]1y east-west from Cove Fort to‘the Community of Black
Rock on Utah highway 257 is the only all-weather rpadA(gravel)
suitable for passenber vehicles'traversing the area. Limited access
by air may.be made to either Milford or Beaver by 1ight3plane (both
have 5000 ft all-weather landing strips). .Jéep'trails'lace the entire
area and are negdtiabie by any two-wheel-drive, high-ground-clearance
vehicle in dry weather. :Wet weather demands a four-wheel-drive
vehicle, however,‘as the roads and bare basalt trai]s«becomerslick

and. mucky.

Climate and Vegetation
The area is considered dry temperate, semi-arid. Summer

temperatures range from 100°F (37.8°C) in the daytime to 80°F (26.7°C)




at night (due to the altitude); however, in winter the temperature
drops to beiow'-lOOF (-23.3°c). The mean annual temperature is 49°F
(9.4°C). Normal annual precipitation varies from less than 7 in.
(17.78 cn) in the Black Rock Desert in the north to 11 in. (27.94 cm)
in Beaver Vaiiey‘in the south, and from 10 1n. (25.40 cm) to 25 in.
(63.50 cm) in the mountains. More than half of this is due to

spring and summer rains. The average annual snowfali is 35 in.

(88.90 cm) occurring from November to March.

Sagebrush, cacti, cheat’and June grass abound on the valley
floors not disturbed by cultivation or irrigation. The less rugged
mountain flanks grade from sagebrush into juniper and pinion pine
at reiatively Tow elevations and scrub oak and quaking aspen at
higher elevations, especially on northern exposures. Sheltered -
canyons containing perennial streams host a lush growth_of cotton-

woods, boxelders, maples, and bunch grass.

Prior Investigations

Geoiogic,studies of the survey area probably'first appeared in

a work by DuttonA(1880) in which he described the Pavant‘and Tushar N }
Mountains as the transition zone between the Basin and Range province = ;
and the Coiorado plateau. Lee (1908) wrote about the water resources

of the region. Butler et a1 (1920) and Crawford and Buranek

(1945) investigated the various geo]ogic conditions in relation to
the mining districts found here, :

- Callaghan (1939, 1962, 1973). Maxey - (1946), Crosby (1959),
Rodrigues (1960), and Caskey and Shuey (1975) have all investigated i



!
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| various aspects of the geology of the Pavant and Tushar Mountains,
and Condie and Barsky (1972) and‘Zimmerman (1961) were interested in
the Black Roch Desert and Cove Creek geology, respective]y. Mapping
of the MinerallMountains began with Liese (1957), Ear115(1957), and
Condie (1960), and is being continued at the present time by the
faculty and students'of the University of Utah. N

The fbl]owing surveys have been made over portions of the area:
regional gravity surveys by Mugdett (1963), Sontag (1965), Peterson
(1972), and Carter (1977); a microearthquake survey by 0lson (1976);
and two regionai aeromagnetic surveys, one assembled by R. T. Shuey
(1974) into a statew1de aeromagnetic map (Zietz et al., 1976), and
one made for the University of Utah Geothermal Project in 1975.

CUrrently, detailed geology mapping, heat flow measurements.
geochemistry, and additional geophysical surveys are being conducted
in the area by an investigating team from the University of Utah and
several other teams from private industry to determine the geothermal

potential of the region.

- Purpose and Scope _

The present survey augments those of Crebs (1976) and '
Thangsuphanich (1976) to the north and east, giving a more complete
regionai picture of the gravity variations surrounding the Mineral
“ Range. It should be noted that the gravity method can indicate '
normal fau]ting, and in a geotherma] system such faults may serve
as conduits to- any rising hot waters or they may serve to increase
reservoir permeab1iity (Rinehart, 1975). ‘Normal fau]ting may also

be a control in determining the boundaries of the geothermal system.




‘ n
‘ fheﬁgravity Sdryéy condusted at the Céve‘Fort - Sulphurdale KGRA

and the north‘Miﬁeral.Mountains:area was perfqrmed to try to indicate
a possible heat source (i.e., afmagma chamber), any effects of
sediment alteration (densification). and geologic structure. Appendix
1 contains a summary of past applications of gravity surveys in

developing geothermal explorations.




GENERAL GEOLOGY

The geology of the survey area encompasses two physiographic
prov1nces and a 5-fold regional deformatlon pattern. The Pavant |
and Tushar Mountains--separated by Clear Creek Canyon--is recognized
as thé transition zone between the Basin and Range to the west, and
the Colorado plateau to the east. Here too, is a portion of the
Intermountain Seismic Belt lying within an east-west lineament of
Tertiary and Quate}nany volcaﬁism. and gravity and magnetic
disparities. |

Mineral -Mountains.--The most striking feature of this entire

region is the Mineral Mountaihs. This mountain rangé is primarily
a north~south-trénding granitic pluton, abdut 12 miles in length.
At the north end of the pluton lies a sedfﬁentary sectibn of the
range probab]y‘5riginating in'the‘eérly compressional phase of the
Laramide orogény. This orogeny brought a period of thrusting in
western Utah which can be seen- from the wah Wah Range to the west,
to the Pavant Mountains on the east side of the survey area. In
the north Mlneral Mountains th1s is manifest as lower and middle
Cambrian quartzites over middle and upper Cambrian 1imestones. This
sedimentary thkﬁSt sheet was . then domed uﬁ'by a quartz:moﬁzonite.'
intrusiqn. Bringing it to'rougﬁ]y the same altitude as the crest Qf
the pluton fbrmiﬁg»the balance of the range (J.*A; Whelan, 1976,

personal communfcation). Pinnacle Pass marks the contact zone between




~the granitic pluton to the south and the domed-up sedimentary

thrust sheet to the north; here also, on the eastern side of Pinnacle
Pass, is an anoma10us,base1t cone that is the postu1ated source of
olivine basalts found in the area, on both sides of the pass. The
reader is referhed to the works of Leise (1957), Eerli (1957),

Condie (1960), Petersen (1974), Crebs_(1976), Thangsuphanich (1976).‘
Evans (1977), end Bowers (1977) for detailed discussions of the
geology of the Mineral Mountains.

East Mineral Mountains.--To the east of the Mineral Mountains

is found an e1eveted area termed the "East Mineral Mountains"” in
this study. It’extends for several miles east from the flanks of
the central piuton into Beaver Valley (south of Negro Mag Wash and
the Po]e-lineltoed)vand rises to an elevation of 78001ft. This
portion of the'sorvey erea. encompassing also the western portion
of northern Beaver Valley, has had the least geologic mapping of

any region in the survey area, and this summary of the geology

of this area is based largely on the knowledge and preliminary

mapping of J. A. Nhe]an (1975-77, personal commun1cat1on)
‘to supplement the regional geology of Hintze (1963).
The East M1nera1 Mountains is principally composed, west to

east, of a granitic pediment from the Mineral Mountains. pluton

overlain by a fthger of Queternary Cové Fort basalts in northern
Cunningham Wash;v'Considerab1e amounts of the Tertiahy Sevier River
formation compo§ed.of partly consolideted fanglomerate, conglomerate,
sand and silt are found in the washes. In the southern Cunningham

Wash;area the Sevier River formation contains numerous basalt flows
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rénd;ash deposits of varying thicknessessand depths of burial. These
presumably are related to the Mineral Mountains and Cove Fort
volcanic activity, the lategt of which is the post-Bonneville Cove
Fort cinder cone., Also in Cunningham Wash, near the Tom Harris mine,
are Paleozoic outliers that‘butt against Tertiary, silicic, volcaniq
flows originatihg in'the TushariMountains to the east. These flows
form é convex crescent-shape and are composed of Bullion Canyon
andesites, the oldest (Miocene). which unconformably 1ie on the
upper Cretaceous and lower Tertiany series, and Mount Belknap
fhyo]ites (oveflaying the Bullion Canyon.fbrmation).r On some
ridges, Dry HoT]dw Tatities form “caps” ové; the,Bul]idn Canyon
volcanics below. The Bullion Cényon volpanics are nbt oh]y the
o]dest'vo]canics of the reg{on; but alsb the thickest; being
5000 ft thick'in,some places. |

The CoVe~Fbrt-Su1phurdale KGRA. --The Si]icious,:Tertiary, Dry

Hollow latites, MountABelknap rhyolites énd Bullion Canyon andesites
of the Tushar Mountains east of Beaver Valley extend north and east
to Clear Creek Canyon (gravity downwarp,tsbntag, 1965) where they
meet the folded and-weathered Paleozoic and Mesozoic sediments of
the Pavant Modntains (Croéby, 1959);' Here,'too. aré'fbuhd the
rhyo]ites>of the Tushar Mountains interbedééd with lews of latite
and Joe'Lotttuffé). At this intersection;}evidence‘of hydrothermal
alteration, suiphur depositgg f]burspar, ahd base-metais are found.
'Sulphur»deposits'at Sulphurdale and in Sulphur Cové, easf of Cove :
Fort, are associdfed with a zone of intense'faulting:‘ 1) range

front faults evidenced at the mouth of Clear Creek Canyon, 2) east-




n
west faulting found at the volcanic-sed{ment contact (dolomites and

1imestones) east of Cove Fort, and 3) northeastwafd-trending faults

characteristic of this portion of the physiographic transition zone,

(Lee, 1908; Rodrigues, 1960; Hintze, 1963; Sontag, 1965; Olson, 1976).

- Acid hot springs and a 91°¢C water well in eastern Dog Valley (Olson,

1976; Crosby, 1959) are also associated with a similar zone of
faulting, some 8 miles north of Sulphurdale.

The Pavant Mountains form a drainage divide between the Great

Basin to the west and the Clear Creék downwarp to the south and

southeast (Callaghan and Parker, 1962b). The majority of sedimentary

. rocks in the survey area are found in the Pavant Mountains. Cambrian,

Ordovician, Perﬁian. Triassic, Jurassic, and Cretaceous strata dip
generally west-northwestward beneath a cover of Tertiary and
Quaternary sediﬁehts and volcanics (Hintze, 1963). Callaghan and
Parker (1962b) described thrust faults and folds in rocks older than
the Cretaceous and Tertiaﬁy‘that are of much differenf character |
than the later norma1 faults and broad flexures. .Somé bf these can
be seen in the leading edge of an eastward thrusting sheet of
Paleozoic rncks of Cambrian and Ordovician age that appear to be
thrust eastward err Mesozoic sandstohes, shales 'siltstones and

conglomerates (Butler and Gale, 1912; Maxey, 1946).

Cove:Creek and Black Rock Desert area. --Zimmerman (1961) found
a variety of Cenozoic and Paleozoic sedimentary rocksvwith about 25
bercent'of the sd;féce rocks consisting of Teriiany rhyolites and
andesftes, as well as Quaternary basalts and vitrophyre exposures.

Most of the basalts in this area okiginated with the post-Bonneville
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Cove Fort cinder cone The basalt flows radiate circularly from

this cone east to Cove Fort, west to the Mineral Mountains north to
Cove Creek, and south to Four-mile Ridge as well as south in a
narrow finger down Cunningham Wash. Many normal faults displace

the Tertiary Sevier River formation and all older sediments in the
area. More ‘recent normal faulting can be found in tne radial flows
themselves that must be post-Bonneville, as is the volcano itself.
Most of fhese faulﬁs trend northeastward and cut older north-trending
Basin and Range structures and east4west faults.

Strata of Perm1an and Pennsylvan1an rocks seem to be less
~deformed in the Cove Creek area than in the Pavant Mountains This,
and Paleozoic and Mesozoic sed1mentahy thickening to the west lends
to the poss1bility of an anticl1na] nose plunging west-southwest

Crosby (1973) described the north Mineral Mountainse-Black
Rock Desert boundary. and associated volcanics, from the southern
Pavant Mountains west to the Beaver Lake Mountains -(including the
Cove Creek area) as the "Black Rock Offset" because of maJor features
he observed in the sedimentany thrust sheets in the two ranges.

Slemmons,(]967) noted strong east-west trends in a zone of
Tertiary vo]canism‘Iaced with'Quaternary défbrmation‘ extrusion,
intrusion and seismic act1v1ty extending from the Tushar Mountains

west, possibly to the Garlock fault in Californ1a.




GENERAL_GEOPHYSICS

Grav14y and Magnetics =-The northern part of Milfbrd Valley

appears to be a Basin and Range graben, and accord1ng to Crebs
(1976), the maximum thickness of the alluvial valley fill is about
- 1.8 km along its axis. It is bounded by the Rocky and Beaver Lake
| Mountain Rénges'on'the west, and the Mineral Range on the east.
Gravity surveys (Peterson, 1872; Crebs, 1976; and Thangsuphanich,
1976) place high-ahgle Basin and Range faults along the_southwest
and southeast flanks of the Mineral Mountains with total throws of
"ovér 1000 m and a stepped series of smaller range front faults on
the western fianks of the central part of the Mineral Mountains.
~East-west gravity lineaments (Cook gg!glf. 1975), the
aeromagnetic map of Utah (Zietz et al., 19765 Shuey et al., 1974)
- and steep;]ocallgravity gradients’show features coincident with
Crosby's (1973)'"81ack Rock Offset" ~ In his regional gravity
_evaluation. Sontag '(1965) also detected east-west gravity lineaments
that aligned with an east-west zone through Cove Fort and Clear
Creek Canyon. | |
Seismic.--01son (1976) observed contempbrany microseismic
activity in “"swarms" along northeast-trending fault zones;in Dog
Valley and Su]phﬁr Cove, east of CoVe?Fort.: ﬂe also detected con-
siderable easthéSt strike-s1fp“c6mponents fnithé faﬁ]t-pTane

solutions for these swarms (01son, 1976, personal communicétion).
g |

|
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From thevmieroearthquake,survey conducted over the entire

}region by Olson (1976), several patterns are apparent:

1. There is a consistent trend for microseismic occurrences
to follow the Basin and Range faults along the west
flank of the Mineral Range.

2. There is an absence of seismicity along the northeast
‘boundary and the entire southern part of the range.

3. Rather than following what seems to be Basin and Range
structure in Cunningham Wash, along the east side of
-the Mineral Range, the seismic pattern follows a
northeastern curve away from the Mineral Range.

4. A line drawn through these microseismic epicenters
roughly follows a 1ine connecting the volcanic cones
of Crater Knoll, Red Knoll, Cinder Pit, and Cove
Fort cinder cone. : :

5. Microearthquake swarms were observed 3.5 km east of
Cove Fort in a zone of extreme alteration and in
the sedimentany thrusts of Dog Valley.

6.  The Black Rock Offset seems to be accompanied by
deep-seated bending of the Basin and Range grain to
the northeast, east of the Mineral Mountains with
microearthquakes along the zones of greatest
curature. , ,

~ The high-density:m1croearthquake clusters around Cove Fort and Dog

Valley were intekpreted by Olson to be along a north-northeast-trend-

- ing fault dipping about 70°% just west of Sulphur Peak. Dog Valley

seismicity 1ndioated a diffdsion of this fault pattern with east-west
as well as north-south slippage components and focal depths indication
that the seismic ep1centers deepen from Cove Fort northward Baker
Canyon, north of Dog Valley on U, S. Interstate Highway 15 d1sp1ays

east-west fau1t1ng ev1dence with s1gns of slippage not onIy in the

- rocks but also 1n en echélon cracks, downwarps, nd even some minor

offsets (r1ght 1atera1) in the pavement of the road surface itself
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which is only 7 years old at this writing.

From P-ane-dé]ays and S4wave attenuations between sources in
the Cove Fort, Dog Valley area and Ranch Canyon’ stat1ons in the |
Mineral Mountains, a low veloc1ty "soft" zone of partially molten
rock was postulated by Olson (1976) to occur between longitude 112°
, 40'w'and Ranch'Canyon. Crebs_(1976) cited this as a possible zone
of partial melt beneath the centra1 Mineral Mountains that may be

responsible}fof the heat source of the Roosevelt Hot Springs area.




DATA ACQUISITION

e instrumentation

The gravitv field data were collected with the Worden Geodesist
model 127 gravimeter, number 735;'and a LaCoste and Romberg gravity
meter model G number 264. The Worden has a linear sensitivity of
0.1247(3) milligal (mgal) per dial division and was read to the
nearest 0.1 dial division on a vernier scale, thus affording an
accuracy of 0.01 mgal and a precision of about 0.2 dial division.
The gravimeter was always read by approaching the nui] point from
the left to avoid errors caused by reversing the direction of the
driving screw.. Only 87 stations were established with this instrument
and 10 percent of those were repeated with the LaCoste'and Romberg
- with a disagreement no Targer than 0.18 moai.and:averaging 0.11 mgal.
The balance of 584ﬁstations’was'estabiishedAWith;the LaCoste and
Ronberg gravity meter alone, which has a scaie'constant ranging from
1.05609 to 1.05865 mgal per dial d1V1S10n, giving an accuracy of
0.001 mga] and a reading precision of about 0.003 dial division.
This gravimeter was always read by approaching the null point (2.7
on the internal scaie) from the right to avoid ‘errors caused by
‘ reversing the direction of the mechanical drive. This gravimeter was
"temperature compensated to operate interna]iy at 58°C_ The Worden
mechanism,was encased entirely in a Dewar flask but had no other

" temperature compensation.
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For elevations of a few stations, two Wallace and Tiernan

barometric altimeters, model 185 were read to the nearest foot.

Field Procedures
Before either gravimeter was taken to the fﬁeld..the approximate
~calibration'of éach instrument was checked by reoccupying the Salt
 Lake City calibration loop established by Dr. K. L.‘Cook between the
University of Utah and the Liberty Park base. This was also done
during and subsequent to the survey, The ca]ibration,différence
‘noted was 18.90 méa] using the above instrument sensitivities. ATl
individual fﬁe]d}gravity measurements Were made as members of closed
"loop" sequencés beginning in the morning and ending at night at
either the Milfofd or Beaver gravity base. These two bases are part
of the Utah Gravity BasevStation Network‘(Cook g}_g],;:1971). Com-
| plete descfipfions and exact locations of-these bases can be obtained
from this reference. Two field base stations were éstablished
centrally in the survey area and tied to thfs base station network
' in Beaver and Milford by the oscillation technique where 3 pairs of
readings are takeh a1ternate1y at a network gravity base and the
~chosen field base (Dobrin, 1960, p. 222), Complete déscfiptions of
these bases are given in AppendixyB. Tidai,variations §nd instrument
dri ft effects;were-minimized by making shorf (about 3 hr). observatipn
loops with respect'to a field base, tying the field base to one of
the network base stations in the eariyimorhing and late eVening.'
taking care to reTbcate several prior data stations 1n,éach new looﬁ

run. Where gobd Tocation control and accessibility were apparent,
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_ the Wallace and Tiernan altimeters were ﬁsed in place of surveyed

elevations.. This was done by the "ABA" looping technique where a
reference reading is made at a point of unknown elevation and then a
final reference reading made at the starting point, "A", of known
elevation. 'Thevchange in elevation was calculated from the average
of all four (two with each a]timeter) elevation increments measured.
This minimizes the effects of any instrument drift;}no measurements
were accepted wnere the total drift around the "ABA" loop of any one
altimeter exceeded 2 ft. The a]timeters were only used for indicated
incremental changes in elevation between station "A" and station "B"
of 250 ft or 1ess From experlence, it was found that altimeters used
between full dawn and 11:00 A.M. on clear days usual]y drifted less
than 2 ft if loop times did not exceed about 20 min.

A1l the maps used in this survey were U.S.G.S. advence prints

(blue Tines) 7.5 minute series topographic quadrangles dated from 1958

‘to 1962 with 40-ft contour intervals ‘(except Black Rock 3 NE, 3 NW,

and 3 SH, which had 20-ft contour control). In all cases the bench
marks are accurate to 1 ft and the spot~andi§nmmit elevations are accu-
rate to one-half a contour interval.: Hofizonte} control of geographic
features 1svwithjn 0.01 min of arc giving a locaiion'aceunacy of
approximately 50 ft.

Fresh surface samples were taken at any:outcrop CIOSe,by a station

and assigned the station number.

Data Reduction -
The observed raw field readings were fransferred to computer IBM

cards in chronologically -1ooped sequences,,which.were-precessed
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on the University of Utah UNIVAC 1108 computer. The |
reduction routine computed the simple Bouguer gravity anomaly values
~at the various station locations referenced to absolute gravity
values at the Salt LakeQCity‘airport (Cbok;*gg_gl,._1971) with
drift corrections included (assUmed 1inear) made between the first
- and last readfngs in a survey 1oop.. The routine uses the Inter-
national Gravity_Formula (Swick, 1942) to obtain the fheoretical
‘gravity on the gedid from which a station's latitude correction is
derived, using a datum of mean sea'ieve] A free-éir'correction of
0 09406 mgal/ft in conjunction with a Bouguer correction for an
infinite slab of density 2. 67 gm/cc between the station elevation and
mean sea level, results in the total elevation correction of 0.5999
mgal/ft used by the routine. | _ .

Terrain qurections wefe cakkied out dﬁ'all.datd‘stations through
20 km. This wés'accomplished in two. parts; the first was by hand,
including zones B through E of the U. S. Coast and Geodetic Survey
terrain correction templates (again assuming an average crustal rock
density of 2.67 gm/cc) (Stewart.A1958.,Cook>§§_gl,. 1964, ‘Hardman,
1964); the secdﬁq phase, from zone F of thegé templates out to 20 km
(which includesffhe template area out thrbdgh 40 bercgnt of zone L),
was accomp]ished.on;the UNIVAC 1108 computér using a’terrain correction
| algorithm (Kane, 1962) adapted from a computér routine written by
Hardman (1964). A1l 671 stationsfwere-terraih cofrecfed,with a
minimum total céfrection of 0.25 mgal -in tﬁévf1at va11eys.to a

maximum of 22.51nga1 on a mountain peak 1h~fhe‘north*M?neral
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Mountains. The final result of all reductiohs'applied to the data was

Bouguer'gravity~anoma1y values that were terrain-corrected to 20 km.




DATA ERROR ANALYSIS

Collection

Although the LaCoste and Romberg gravimeter has a precision of
0.003 dial divisions (equivalent to about 0.003 mgal), the Worden
gravimeter only has a precision of 0.2 dial divisions (approximately
0.025 mgal). Linéar drift corrections are of»limitedvvalue
(Nettleton, 1940, p. 59) when applied to‘earth tida1 variations which
have a maXimum sinusoidal amp1itude 6f 0.3 mgal in 6 hours during
the new and full moon phases. Differences in reduced gravity Values
at reoccupied'staiions at varying times‘ of day never exceedéd 0.30
mgal and averaged 0.21 mgal. Vertical ébntrol was accurate to 1 fﬁ
at bench marks>and'to half a contour interval or better for spot and
altimeter elevations. vSince the contour iﬁtérValiis:at,most 40 ft
the maximum error from this source is 1.2'@ga1. Because of the un-
changing nature éf the area and the choice.of stationﬁpqsitioning, it
is estimafed thét a probable maximum érror 6f 5 ft is hore,likely
than 20 ft,'givfhg a corresponding error of 0;3‘mga1;“Horizonta1
inaccuracies 1n;§tation'placement (primafilyxin a-northASOUth
direcfion)‘w111 resu1t in errors in the latitude éokfectidn during-
data reduétion; This correction is about 1.4 mgal/mile (north-south)
at the latitudéé;df thersurvey.;resu1ting fﬁ an error of 0.01 mgal
for eveny 50 ft’bf‘north-south disp]acémentAfrom an assumed position.

It is doubtful that this source.of error contributes more’ than 0.05
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mgal anywhere.

Data Reduction

Because the raw gravity data were not corrected for earth tides,
errors from this source could conceivably be as large as‘0.30 mgal.
As for the BOUQuer'and terrain corrections, errors coUid be intro-
duced it the vertical eolumn of material betweeh the reference datum
and the station in question deviated far from 2.67 gm/cc, No attempt
has been made tofca]cu]ate these possible errors since they are
considered small by comparison to the anomalies being sought (Hardman,
]964). The terrain correction is subject to‘two inherent sources of
error._ The fﬁrst is the propagat1on of error in the average e]evation'
| of a terrain zone from which the correction is calculated, The
second is the-error intrqduced into the total terrain ‘correction by
the combinationkdf the inner zone terrain cerrection derived from
zones B through E of the U.S.C. & G. S zone temp]ates w1th the outer
zone terrain correct1on calculated from M. Kane's (1962) computer
algorithm; th1s error. however, was shown to be about 0. 04 mgal
(Kane, 1962) | |

Total terrain correction accuracy is judged here to be within 10
percent of- a stated value; that is, within 2 25 mgal in the mounta1ns
. and about 0.05 mga] in the val]eys 1n the worst cases. Th1s gives a
total estimated accumulative possible error Qf about 3 mgal in the,v

mountains‘grading'dbwn to approximately 0.4 hgal in the ve11eys.




DATA CONTROLS

Surface material densities of the surveyed aréa were divided
into three c1a$$if1cations: (1)'Pa1eozoic and Mesozoic sedimentary
‘rocks, 1nc1udiﬁg dolomites, massive 1imestones, shales, sandstones,‘
and cong]omefates.'(Z) intrusive rocks of Tertiary age, mainly
quartz monzonites, and (3) volcanic and clastic rocks of Tertiary
and/or Quaternary age, including rhyolite, basalt, and andesitic
flows. These broad classifications of rock types were used as a
guide in compiling the general geology map shown in Figure'3. Be-
cause of Iimitéd access to outcrops, samples were primarily .collected
for density measdfements at graVity stations associatéd with rock
outcrops. | o

Laboratory wet bulk, mean density measurementS'were made on
all samples collected, These are summafized in Table l’along with
other charaéterisiic-samplés,of the area for Comparisdn. Although
the samples'shOWéd.some weathering. the dehsit1e§ within'a rock type
did not'vafy,grééilyr(Nettleton, 1940, p. 101); however, composition,
texture and chpability did vary to a high.degree. Indi vidual sample
densities and thé‘locations from which the samples were taken are
~given in Appendik 2. o | o

On the basis'bf the average densities observed in the above
géneral'rock‘types;'the averége density contrast between the Tertiary

and Quaternary clastic deposits and volcanic rocks which constitute
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Figure 3 General geologii:: map; north Mihera'l Mountains, Cove Fort region,
~ Beaver and Millard counties, Utah
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Rock Types

'Lamprophyre
Dike2

Gneiss and
Schist2

Limestone

(fossiliferous
and dolomitic)

Granite2
QUartzite
Sandstone
Basalt
Rhyolite
Obsidian?*3

Latite

'Alluviumz

Table 1.

No. of Samples

13
1

Wet Bulk Sample Densities

Density Range

(gm/cm)

1

2.69-3.44

2.63-2.74

2.29-2.79
2,54-2.69
2.41-2.63
2.57-2.57

~ 2.2052.68

1.92-2.62
2.34-2.35
1.92-2.55
z.o:i_o;l

25

Mean Density

(gm/ cm)

3.12

2.69

2.64
2.60
2.58
2.57
2.44
2.38
2.34
2,15
2.00

lDensity measurements taken by the author un1ess otherwise

indicated.

2At least one sample density measurement taken from Crebs

(1976).

3At least one samp]e density measurement taken from

Thangsuphanich (1976)
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‘the valley fi]], and the pre-Teftiany sediments, Teftiany intrusives,
»and gneiss/schists that constitutes the bedrock of the mountain ranges,
is estimated tb,lie between‘0.35;gm/cc and 0.5 gm/cé, depending upén

- the voTcanicsv(ihtrusive and extrusive)/unéonso]idated<al1uvium

ratio. The mean density of a]luyium'was taken to be 2.0 + 0.1

gm/cc from a étudy made by Crebs (1976).

Slim-hole drilling hgs been widely used by private industry
in'this area principally for heat flow measprements. but most of the
results are p"mprietary at this time. | __

Of the well logs available, the deepest is for a dry oil well
drilled in 1950 by the Beaver Valley 01 Company about 1 km south
of the community of Black Rock near the axis of Milfofd Va11ey.A
Dri]]jng was stoppéd at 3,682 ft whén salt water wasiéhcduntered ,
in &'sand-shaIé séquence (Heylum, 1963). A water wél],‘now plugged
and abandoned,iwas driiled in 1938 about 8 miles west of the
present Interﬁtaté Highway 15 and 100 ft south of Black Rock Road
in section 21, T255, R8H: The well pa§sed‘through 188 ft of basalt
before entering white maris at'a_depfh4of 320 ft (Utah State Engineer's
.office, Dept;:éf Water and Water Rights, 1976.'ora1 communication).




PRESENTATION OF DATA

The redUcedigravity data set is presented here in three
different ways,ialong with a generalized geo1ogfc'map and a regional
aeromaghetfc ﬁap of the survey area for comparison; Figures 4 and 5
show hand-contoured, terrofn-corrected Booguer gravity ancmaly maps
with a T1-mgal contour interval. These maps represent'gll of the
data taken during the survey and are the most detailed, .Figure 6
111u$trates these same data, at tﬁe same contour intervaT, after
they had been hand-digitized on the 1-km Universal Transverse
Mercator grid System and then contoured on the UNIVAC'1108 Lastly,
Figure 7 d1sp1ays these data 1n a three-dimensional, 45° isometric |
projection, which is also computer drawn from the dlgft1zed data.

The regional aeromagnettc map (Fig. 15) was reduced from the
aepomagnetic map of Utah (Zietz g;_gl,,_1976) which has avcontour,.
interval of 20 and 100 gammas and which has the earth's main fleld

| removed- buf-no~attempt at any reduction to the po]e'has’been made .
Thus anomalfes and gradients are shifted s]ightly to the south-
"southwest due to the 1nc11nation (ﬁ6°) and the declfnation N 15°
| ,_'30' El of the main magnetic ffeld of the earth
' The genera11zed geology map (Fig. 3) was compfled to show~the
spacial relationships of tbe basic and acidic volcanfcs, alluyial
£11 1n the valleys, and the Paleozofc and‘MeEonTc sedfmentany

outcrops, It was hoped that thfs breakdown.'together with tndications
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~ Figure 6 Terrain-corrected Bouguer graVity,anoma1y map-ofithe north Mineral Mountains and Cove
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- of the kndwn majdr féuIts.’would serve as a guide to subsurface

structure interpretation of the grav1ty data
In addition, Figures 8, 9, and 10 show the h1gh-pass filtered,

second-order po]ynonﬂal residual, the second vertical derivative
Bouguer gravity anomaly maps,’respective]y. Strike-filtered Bouguer
gravity anomaiy maps in the fbur directions of an eighf—point
mariner‘s combass (Figs. 11=14) were produced in an effort to further
éepardte meahingful trends from the background data.

Lastly, the‘Ta1wani two-dimensional modeling method (Talwani
et al., 1959) was used to calculate the expected anomaly across two;
roughly orthogona] gravity profile mode]s* 1) one a]ong Black Rock
Road (Fig. 16). which traverses the survey area west-northwest to
east-southeast w1th a stat1on density of about one per km, and 2)
the other on Interstate Highway 15 (Fig. 17) traversing the area |
north to‘south;wfth a station density of about one per tio-tenths of

a mile. These profiles are'presented witﬁ obServed, assumed’

“regional, and'résidual values.

These profiles ‘are meant to show the relationships between

regional gravity patterns and interpretive geoIogic érbssvsect?BnS;




ANALYSIS OF THE GRAVITY DATA

'Gravity Patterns |

The terrain-corrected Bouguer gravity anomaly data (Figs. 4
and 6) show the complex naﬁure and high relief of the gravity field
in the geologic province transition zone that constitutes the area
of study (Fig. 3). The Basin and Range orogeny signature in the
gravity field dominates the western Half of the study area. Here
are found large gravity gradientsvindicated by contours trending
primarily north and south on: 1) both sides of the anera] Mountains;
| and 2) the gradient on the east side of the Mineral Mountains
extends northward along the eastern margin of/;he Black Rock volcanic
flows. These strong gradients are obvious on the obsérved gravity
contour maps,ﬁbuf become strikingfon theipolynomia1‘residua1, high-
- pass filtered,:and‘north-south strikeefiTtéfed ahomély maps. This
is misleading hdwever, in at least the instance dffthé west flanks of
the central Mineral Mountains, as will be discusséd in a later
section. - |

East of'tﬁe Mineral Mountains the grévity signature changes
. sharply as thevc§16rado plateau ié approachéd. Approximate]y half of
the gravity grddient that forms the north-south Basin>anleange fault
zone on the so&theastern side of the anefa1 Mouhtainsi(ThangsuphaﬁiCh,
1976) divefges.to~the east in»thefvitinity‘of the Pole-1ine road and

passes through-the Clear Creek Canyon area at right angles to its
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original trend; 'This.interruptidn of the north-south'gfavity trend.'
manifests itéelf as a gravity saddle (first.repdrted'by Sontag, 1965
as the Black Point‘gravity high) separating the B]aék:Rock Desert
gravity low from the Beaver Va]]ey'graben gravity low. On the surface,
thié gives the"appearance oficonnecting the east-west trending
gravity gradient found in Clear Creek Canyon with the east-west
grévity gradient forming,the northern end of the Escalante Desert
(Mi1ford Valley'graben); this connectibn (if iﬁterﬁreted as such)
gives the 1mpres§ion of an east-west 11neation extending from the
Cricket Mountains,Awest of BlackYRoqk,.east through Clear'Creek.
Canyon toward~Mdnrpe.A Crosby (1973) has discussed the possibility
of such a linéafibn which he terms thé “Black Rock Offset".

The form of the observed gravity'andmaiy field then, can be
viewed initiallyféé a sheet draped over av2-layer beﬁrock, a]iuvium_
and/or volcanics:model comprised of two zones of eléVated bedrock,
one at eéch nofthern corngf of the survey area, and aﬁ‘elevated
paraT]e]epiped»of‘high density material fbrming the Mineral.
Mountains north Qf Negro Mag Wash (Fig. 7). It is this basic model
and the ﬁubsequéﬁt:draped grdvity_fie]d thét is to be assigned

geologic significéﬁce‘and continuity in the fol]owingfsections.

Terrain-corrected Bouguer Gravity Anomaly Mdp

Overall thehds.--On'the terrain-corrected Bouguer gravity anomaly
map (Fig. 4), thevhighest observed gravity value was<-1§4.4 mgal_
nbrth4northwes£_of B1ack Rock andlthe_1owes£:v31ue wasvf233.dlmga1 east
of Gi11ies’Hi11_§ﬁ'D.$;iHighway~911(ffgﬁ 2), - This represents é total
différence of 68.6'mga1 over a distance of about 42 km (approx. 26 mi)
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and an everage Qradient of -1.63 mgal/km (-2.64 mgal/mi) northwest to
southeast. ;Most of this gravity relief TS'fn thevnorthASouth :
direction as is demonstrated by‘the overall gravity change along
'northward-trending Interstote Highway 15. The gravity values range
from -182;4 mgal on the north to -233.0 mgaT on the -south (a total
change of 50.6 mgal) over a distance of about 31 km;'thus there is a
gradient of -1.65 mgal/km ( 2.65 mgal/mi). Along U S. Highway 257,
north to south, the maximum gravity va1ue was -164,4 mgal and the
minimum was -205.0,mga1; This gives a relief of 40.6 mgal in 26 km
(16 mi) or a oradient of -1.56 mgal/km (-2.50 mgal/mi) Along the
northern boundary of the survey in a west to east directIOn. there
is a decrease of 20 mga1 over a distance of 48 km (30 mf) or a
gradient of -0. 41 mgal/km (-0. 67 mga]/mi) Along the southern
boundary in a west to east direction. there is a decrease of 28
mgal in the'same ‘distance, giving a gradient -0.58 mgal/km (~0.63
mgal/mi )»‘.

Gravity Highs;--A gravity high occurs in the northwest corner

of the survey area'north of the community’of Black Rock'f=A1though'
the high shows ‘no c]osure, it does exhibit right-angIe contours with
the gravity values 'decreasing a1most uniformly over 40 mga1 to the

~ south into- the Milford Val]ey;graben and east-into the Black Rock
Desert gravityilow;? This area 1s'covered by‘thick basa1t-flows
(several scores of meters are exposed as cliffs) and gives no direct
evidence as to wnat»may 1ie below. The base1t here is vesicu]ar,vas
it is further east‘foward Cove Fort,_and is‘about 0.3 - 0.45 gm/cc

less dense than the assumed 2.67 gm/cc of bedrock (Appendix 2), This
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gravity high is ascribed to near-surface Paleozoic bedrock that crops
out in the Cricket Mountains about 4 km west-northwest of Black Rock.
(R. W Case. and J A. Carter. 1977, personal communication). Evidence
~for this interpretation is indicated in the strike (east) and dip
' (26° ESE) of the Paleozoic strata exposed‘in the Cricket Mountains
that, if continuous to the eaSt, could account for its presence under
the Black Rock area at a shallou depth resulting.fn the observed
gravity high.

The northern portion of the Mineral Mountains that 1ies within
the survey area (north of the Pole-Tine road) is also represented by
a»gravity high with a c1osure of'about 11 mgaI With1n this h1gh are
several subordinate highs that can be divided into two categories
1) those associated with the Minera] Range pluton, and 2) those north
of the pluton assoc1ated with the Paleozo1c sedimentary rocks.

The group (2) local grav1ty highs center over the domed-up
. Paleozoic rocks, whereas the gravity highs associated with the
Mineral Range pluton are centered about 2.5 km to the west of the
mountain range scmain north-south ridge line.A Crebs;(]976)~alsov
found this to'be_true‘of a gravity high south of Negro;Mag Wash in
the Corral Canyon area. He ascribed this westerly offset from the
pluton due to a;series of Precambrian exposures of higher density‘
than the Minerai_Range'pIUtong Although contact metamorphism ex-
posures of Precamhrian.gneiss/schist exist on'the northwest edge,
edge;.marb]eized limestone is also found here. The role oftSedimentary
rocks buried beneath alluvium cannot be‘discounted as'.a partial cause

to the offsetting of the gravity high south of Pinnacle Pass and
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west of thé range. Between.these groops éf gravtty highs there is a
_stnikingnéravity saddle with ot least 6 mgal relief and 3/4 km wide '
in the gravity Sorface corrésponding‘to the "Pinnacle Pass Contact
zone"v(K. L. Cook, 1977, personal communication) that marks the
northern boundary of the Mineral Range pluton. Several facts at
this point are noteworthy. |

‘1. Quartz monzonite and the granitic pluton have about the
- same mean density of 2.57 gm/cc.

2. The Paleozoic rocks draped over the monzonlte intrus1on
have a mean density of 2.68 gm/cc.
The Pinnacle Pass Contact Zone occurs at a cleft in

w

the Mineral Mountains 1 km wide. in 1ine with the range
and 2 km deep transverse to the range. There is .
only a narrow ridge (Pinnacle Pass) joinlng the
mountains together across this cleft.

4. The mean values of the local gravity-highs on;both |
sides of this contact zone differ by less than 1.0 -
mgal and have a total mean value of -176.0 mgal.

(34
)

There 15 a Quaternary basalt cone an the east flanks
of Pinnacle Pass with average vesicular basa1t ~
densities of 2.50 gm/cc

6. On the M1nera1 Mountains geology map of Evans and Nash
(1977, personal communication) a fault cutting -
transverse to the range is shown that corresponds

N\, with the gravity low.

. : e
7_The east'-west-trending contact zone shows extreme
vontact metamorphism, partfcu]arly'in marbleized

8 Quartz lat. e dikes, sometimes n p]aces 2m thick, cut
the pluton stxiking north-northwest to south-southeast.
Latites have an\average density of 2.58 gm/cc in this
region (0. A. Carter, 1977, personal communication).

This grav1ty_sadd1e is probably-caused by a‘near-surface mass

deficiency. Its'nafrow breadth and 6-mgal relief indicates that this
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-mass deficiency‘cannot be more than about l/3 km in‘depth assuming
a density contrast of less than 0.45»gm/cc (the apprOXimate difference
between the quartz latite and the pluton/quartz nonzonite'aggregate |
densities). ‘The overall northern Mineral Mountains gravity high,
of whichithe Pinnacle Pass Contact zone is Superimposed, is 9.5 km
long north to south and 4.5 km wide and can be attributed to the
granitic pluton that comprise the range - (Crebs, 1976).. |

' A}third gravity high is found in the northeastern corner of the
survey area. Its max imum gravity values are comparable w1th those |
found over the Paleozoic rocks of the north Mineral Mountains and
about 8 mgal less than those found north northea*t of Black Rock.
This gravity high is directly attributable to the Paleozoic bedrock
that crops out at the leading edge of a Laramide overthrust sheet
found there (see General Geology and Data Control sections) Here ,
again there is no gravity closure, only non-uniform contours ex~
pressing gravity relief to the west of about 25 mgal and to the
south of about»45‘mgal. This grav1ty high appears to be the south-
western end of:a’larger gravityifeature north and nest'of‘the_Parant
~ Mountains. " | V | : o

The East Mineral Mountains shows a gravity high_between Cunningham

Wash (Fig. 2)and;Beaver'Valleycentered‘ovensfortuna Canyon betweenbthe
Fortuna mine (gold in quarti veins) and Limestone Point, the high i
“which extends about 3 km in a north-south direction and 4 km in a
northwest-southeast direction, has.a closure of 2 mgal and marks ‘the
position of Paleozoic quartzite,outliers north of the Tom Harris mine,

These Paleozoic rocks are the probable source of the gravity high
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since they are'surrounded on three‘sides by the comparatively low-

density rhyolites and latites of the Tushar Mountains'volcanic sequence
and on the fourth side by the vesicular Cove Fort basalts. There 1is |
an outcrop of quartz monzonite within the sedimentary outliers with

a den51ty of about 2.62 gm/cc that may be associated with a suh-.
surface 1ntrus1ve. ‘Although there is a small (about T mgal of
closure) gravity’ anomaly over this area, it is not known whethep

this anomaly is_connected with the Paleozoic rocks or the possibleiv:'
intrusion. |

Gravity Saddles.--The three major grav1ty highs found in the

survey area are connected by two gravity saddles, one between the
Black Rock gravity high and the north‘Mineral Mountains and one
following the outcrops of Paleozoic rocks from the thrust faults of
Dog Valley to the Pinnacle Pass Contact zone of the north Mineral
Mountains. A third grav1ty saddle occurs between the north Mineral

Mountains gravity high and the central Mineral Mountains graVity

"high. This saddle was first observed and described by Crebs (1976);

it is centered at about the Pole-1ine road traversing the Mineral
Mountain range at Negro Mag Wash with only the northern limb lying
within this survey area. There are several factors ‘the above
gravity saddles ‘have in common: _ ‘ |

1) The following springs are found on. the:indicated saddle:

a) Roosevelt Hot Springs and. Bailey Springs on the
~central Mineral Mountains gravity sadd e o

b) kAntelope Springs on the north Mineral Mountains-
Black Rock saddle .

~¢) Horse Hollow Springs lie on the grav1ty saddle be-
tween the gravity highs over the southern Pavant
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' Range and the north Minerai Mountains that was originally
_reported -by-Sontag: (1965) as the “B]ack Point Gravity High“.

2) An interruption, in each case, of the smooth siope of
' gravity contours:

a) In the area where the eastward- trendlng Negro
Mag Wash intersects the northern 1imb of the
central Mineral Mountains grav1ty saddle (Crebs,
1976)

b) At ‘the north end of the Mineral Mountains where
Black Rock Road circumvents the northern end of
the range on the southern 1imb of the Black Rock -
north Mineral Range gravity sadd]e

c) North and west of Horse Hollow on the B]ack
Point gravity saddle

Of the points listed above the interruptions of smooth contours
are probahly the)nost important as the implied increase inkgravity
gradient of these areas may indicate the presence of major faulting
transverse to the saddle. |

Gravity;gradients -=The principal gravity gradient observed in the

survey area lies between the north Minera] Mountains and ‘the Beaver
VValley graben.- In_a distance of 24 km, there is a gravity change
offabout 60 mga];representing_a gradient of }2.50 mgal/km (-4.00
mgal/mi over 15 miles). At the approvimate 1atitude ofvthe Pinnacle
Pass Contact zone (about 38° 36.5" N) the contours representing this
gradient split, with 40 mga1 of contours turning east and passing
through the. cnear Creek Canyon area, - and 20 mga1 of ‘contours !
extending northward to form ha]f of the Biack Rock gravity high
E relief. An interesting observation here is the nearly perfect
'a]ignment of Crater Knol1, Red Knoll, Cinder Pit and the Cove Fort

_ cinder cone (Fig 3) with the center of the: northeast-southwest
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trending segment of the grayity contours that pass through Clear
Creek Canyon. This portion of the east-swinging set of gravity
contours may be due to a zonevof faulting and therefore a zone of
crustal weakness where basaltic lava could easily extrude. Along
the southeastern end of the Mineral Mountains, Thangsuphanich
(1976) has interpreted'a gravity profile along the Pass Road, and
obtained a total displacement_ofvabout 6,200 ft (1.9 km) along a
series of faults located within this steep slope of gravity contours,
using a bedrock-to-alluvium density contrast of 0.5 gm/cc, Along
the same profile on the west side of the Mineral Mountains,
Thangsuphanich (1976) modeled a series of step faults resu1ting in
2 total alluvium depth of 4,500 ft (1.4 km). '

. At the north end of the M1nera1 Mduntains,'a Besin_and Range

fault has been modeled (see the section on gravity profiles) with
a throw of 1800 ft (0.55 km). .

Of the steep slope of gravity contours east of Cunn1ngham
Wash,_approximately 15 mgal within 3 km of the.edge of the Beaver
. Vailey'graben'correlates well with a northasouth;trending fault
mapped 1n-1975'by'J A WheTan (1976, personel communicatiOn) This
~ fault shows many tens of meters of vertical d1sp1acement exposed ‘
above ground 1eve1 and cuts the Tertiary Mt Be]knap rhyo]1tes that
crop out. south of the Cove Fort c1nder cone. ' ,

Pronounced grav1ty grad1ents are also ev1dent flank1ng the’ east
and west sides of the Black Rock Desert gravity low that dominates
the northrcentral"portion of Figure 4. It-is not clear at this time

: whether these_slopes_across the gravity contours represent Basin and
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Range faulting or a depression of the Paleozoic bedrock, or both,

| The Steep‘gravity‘gradient'that marks’the,eastern margin of the
Milford Va]iey graben are stiii'somewhat enigmatic Crebs (1976)

. and Thangsuphanich (1976) have shown that aithough Basin and Range
faulting dominates the southern end of the Minerai Mountains in
relation to the Miifbrd-Vailey graben, the floor of the Milford
Valley grahen_ascends at a shaliow angle toward the'western flanks
of}the central Minerai Mountains'with only sma11 step-iike Basin
;and Range fauiting indicated This rise 16 the valley floor toward
‘_ the western mountain fianks continues toward the north end of the
Miiford Va]ley graben at least as far as Pinnacie Pass, where a
profile was modeied by the Gravity and Magnetic‘ ciass (GG-SZ]),
_University of Utah, of 1974. The Biack Rock Road profiie modeied
-in this study, however, indicated the presence of a Basin and Range
| fault zone on the northwest end of the Minerai Mountains with a
total throwlof about 2100 ft (0.63 km). The structure of the
Milford Vaiiey graben floor is not yet-fui]yrunderstood. ‘The :sTope'

of the gravity?contours south of the community of Black Rock-cieariy'

fonns the northern boundary of the Miiford Va]iey graben BUt ,

again, at what point or extent the sloping Paleozoic rocks give way

o to. fauiting 1s-unknown at this time The oniy we]l log avaiiable

(see Data COntroi section) is indeterminate since the hole bottomed
in unidentified strata AR |

Gravity Lows ~-The principie gravity lows of the survey area

are those over: the Miiford Valley graben, the Beaver Vai]ey graben

| and the Biack Rock Desert gravity low. Bothathe Milford and Beaver

™
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valleys are 1ntermounta1n basins, whereas the Black Rock Desert
displays only the minor Cove Creek dra1nage depress1on with Little
topographic re11ef that would indicate a gravity low of the observed
magnitude or eXtent. The Black Rock Desert gravityvlow is divided
into north'and south components, which are_separated by a minor
gravity saddle. - A]though the northern portion of the low appears
to be.the main feature, it has no closure within the 1imits of the
survey area.} The southern extension, however, has a c]osure of 3
mgal over a rough]y circular area of radius 1.5 km with narrow, Tow
gravity zones extending about 5 km east and west of the closure. The
eastern zone has a closure of 1 mgal.

The Black Rock Desert gravity low is probab1y caused part]y by
a Basin and Range graben and partly by a depression of the Paleozoic
bedrock beneath the overlying volcanics. This is inferred from the
angle and d%rection of dip of the p1unging Faleozoic‘bedrock strata
exposed in the‘Cricket Mountains to the west and the Pavant |
Mountains to the east, and the large 1atera1 distance covered by
gravity contours with uniform slope on both the east and west sides
of the gravity low | |

A 1ong, narrow, northward trend1ng gravity Tow of about 8 km
in length and 5 km in width but showing no closure w1th1n the survey
area is centered over the northern end of Beaver Va11ey : This
anomaly is probably caused by thick alluvial: fill in the basin between
the Tushar Mountains -and the East M1nera1 MoLntain rise.. The
thickness of a]]uvium is about 2200 ft (0.67, km) us1ng a bedrock-

to~a11uvium contrast of 0.5 gm/cc (see sect1on on interpretive profiles,




a4

Interstate Highway 15). .

On the west side of the north Mlneral Range and south of Black
Rock, there is a broad northward-trend1ng gravity low that coincides
With the north end of Milford Valley. The size of the‘gravity Tow
extends to:the‘west and south off the map. Crebs (1976) reported
this Tow to be about 20 km in length and 8 im in maximum width with
a closure df'at 1east 5 mgal.  He arrived'af a depth.of alluvium in
" the center of this gravity low (due west of Bearskin Mountatn) of
1;8 km, us{ng a density cohtrast of‘O.S gm/cc between alluvial fill
and bedrOcE (Qranite); In this study the extreme nofthern'end of
the Milford Va11ey gravity low shows a depth of alluvia] Fi11 of
2100 ft (O. 65 km) at a point 2 km southeast of Black Rock along the
Black Rock Road profi]e. A density contrast between alluvial fill
* and bedrock of 0.5_gm/cc was used here also for compafétive purposes.

;t is clearithéﬁ"the Mi]ford Valley graben terminateé wiﬁh Basin and
‘Range fau]tﬁngron the.northeast at the north end of the Mineral
‘Mountains, é]though the termination‘of the structure at the north end
of the yal]éy is sti1l uncertain. ‘ |

Two small gravity lows are observed in Figure 4 within the

gfavity contouf52£hat bend east from the'Mineral Mountains and’bass
“through Clear Creek Canyon. One, which is‘based on the gravity
'value of a sing]é'Station nofthwest_of the Cove FortAcindék cone,
measures about 1 km in width (north-south),:z km in length (east-
west), and has aic]bsure of 3 mgal. A]thoﬁgh'the principa]'facts of

the station were chécked, the anomaly may be caused by‘a'reading‘érror.

Moreover,. the anomaiy cannot be accounted for geologically. The
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second small gravity low is also centered ébout a single station

north and west'of Red Knoll but it is supported in part by several

other data points. Trending northwest-southeast (orthogona] to

the surrounding contours), the anomaly is about 4 km long and 3 km
wide with a closure of 5 mgal. Even though it a]so is suspect, the
anomaly may be of some geologic significance;since it also lies

along an east-west Qeomorphic feature extendfng from Negro Mag

Wash in Miiford Valley to Pine Creek Canyon south of Sulphurdale.
Moreover, the'anoma1y a]so lies along the striking northeastward-
trending alignment of’four cinder cones desiénated from south to

north as Crater Knol1, Red Knoll, Cinder Pit and Cove Fort cinder

cones (Fig. 3). Irrespect1ve of the va11d1ty of this grav1ty 1ow, it is
cons1dered s1gn1f1cant that in this general area of the belt of

cinder cones, there is a pronounced interrupt1on of the northeastward-
trending grav1ty contours, for example the grav1ty nose 1y1ng north

of Red Knoll cinder cone.

Gr?vity Patterns of.the Cove Fort—Snlphurdale KGRA |

The Coye Fort-Su]phurda1e KGRA 1ies within the gravity contours
bordering the northern Tushar Mountains gravity Tow on the north and
northwest respective]y (Fig. 5). To the north is the gravity hjgh
observed over the surface exposures of Pa]eozoic and Mesozoic roeks .
discussed earlier.h To the south the gravity values decreéee as the
sorface rock type ehanges at'Clear Creek Canyon-from thenmorevdense
Pa]eozoic aqd Mesozoic sedimentary rocks of the southern Pavant

Mountains to the'Tertiary volcanic flows of rhyolite and latite that
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comprise the northern Tushar Mountains;

Cove Fort.--In the area east of‘Cove Fort there is a sharp
increase in the_s]ope of the gravity contours east of Cove Fort
indicating a local gradient of about 17 mgal/km (40 mgal/mi), which
probably indiéates a northward-trehding Basfn and Range fault across
the mouth of .Clear Creek Canyon. A1l of the water wells drilled on
the west side of this fault (in the area of Cove Fort) are cold. The .
geothermal activity aséociated with Cove Fort is actually 3.5 km east-
northeast of Cove Fort in Sulphur Cove. Here are found several
sulphur prospects in an aréa approximately 2 km square where the
alteration 6f'é11uvium and the presence of free sulphur is extensive.

The priméry sulphur-prospect is an open pit Tn'thé}éenter of this
cove coincident with a gravity lTow about 2 km Tong (eaét-west) and
1 km Wide (horth-south) centéked about 1 km'north of U.S, Intersfate
"Highway 70,vand with a closure of about 3 mgal.

A graVityfhigh 2 km long (east;west) and 1ess>than 1 km wide |
(north-soUth) Qith a c]osure'of 2 mgal s centered 1 km south Qf thé_
Sulphur Covévgravity'low. The aﬁthor observed no Outcrops over this
gravity high but noticed that the primary'ciear Creek Canyon drainage
was about 0}2:km south of 1;5 center (on Utah highway‘13_about'3.5 km
east of Cové Fort). This gravity high lies betweeﬁ twb major fault -
zdnes infer}ed (H1ntze, 1963; Sontag, 1965)»to'trend northeast énd
located west of~Sp1phur Peak and along the east margin of Su1phﬁr Cove.

The gravity-Tow surrounding the sulphur prospecfs‘is probably |
‘caused by leacﬁing-and a]tefatioh of-fhe a]iuvium and underlying

sedimentary rocks. Even thoughvthere are no freely flowing hot springs
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in Sulphur Cové at this time; severa1 areas of hot spring deposits,
"hollow ground" (areas that resound with a kettle drum-like boom

when hit with a heavy object), are evidence that_the area was geother-
mally active‘in the past. _

The gfavity‘ﬁigh centered on Utah highway 13 is'probably a
tilted fault block of relatively unaltered‘sedimentafy bedrock. The
evidence fdr this interpretation is threefold. First, the density
contrasf u§ed fo model this feature on the interpretive two-
dimensiqnal'model for the Black‘Rock Road gravity prpfi]e was 0,35
gm/cc, the ?pproximate difference between the mean limesfone density
of 2.64 gm/tc:and'the mean rhyo]ite/]atité density of 2,30 gm/cc;}
Seéqndly, the‘éagtﬁard trend of Clear Creek Canyonvfahlt (Caskey and
Shuey, 1975) could provide a mechanism for terminating a féult block
on the north, and two known fau1t zones exist on each side of the
hypothetical block, and consequently the block could d1p south in
a direction compatible with the C]ear Creek downwarp (Sontag, 1965)
Lastly, the aeromagnetic map of Utah (Z1etz et al., 1976) shows this
portion of thevCIear-Creek downwarp as a magnetic Iow'of‘about 360
ganma closure (Fig. 15) which is unlikely if an intrusive were the
cause of‘thé gravity high. It_shoUld be noted that the area eést of
Cove Fort incl@diﬁg‘Sulphur Cove is apparently 6n_an upthrown fault
block that is indicéted by thegravity high just discussed (see
interpretive twb-dimensionallmode1‘for.the Black Rock,Roéd.gravity
profile). | o BE STy ” 
o éulphUrdéTé.--Sulphurdale Hot Springs.eﬁist aldng‘ﬁorth-south'and

north?northeast-trending fault zones. The trend of the gravity contours
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- surrounding Su1phurda1e is south-southeest_with the nose of a local
gravity high interruptfng this prfmary gravity contour trend from the
east. The smooth s]ope of the gravity contours is disrupted on the
end of this gravity nose, however, and probably signifies the con-
tinuation of the range-front faulting detected across Clear Creek
Canyon east of Cove Fort. A]though the gravity data east of |
Su]phurda]e}are sparse,-they are sufficient to show 1) a gravity.
gradient with e,total relief of about 5 mgal that 1ndicates a
northward-trending‘Basin and Range fault zone through the Sulphurdale
Hot Spr1ngs and 2) a small gravity nose over the Sulphur. Hot Springs

extending from a gravity high to the east. exh1b1ting no closure.

| Anomaly Separation Techniques |

As an éiﬂ to interpretation, seyeral enomaly separation
~ techniques uere'employed (Appendtx.51 ..Canpartson of ngures'4 and
6 show that the aliasing 1ntroduced by digitizing the hand-contoured
map {s reercted back 1nto anomaltes of frequencies lower than the
Nyquist frequency of 0,5 cyc1es/kmn-dictated by~the 1-km digtttz-
ation interva] employed L

thure 7 shows an isometric view of the terrain-corrected
gravity field and the extrene relief observed, After removtng the
"logical® regional gravity (Appendix 4), residual«maps were

generated to show‘severaj different classes of anomalfes,

'Anomaiy'SeparatTons Used

‘High-pass filtered data,~~The high-pass filteped Bouguer
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gravity anomaly data (Fig, 8) is composed of gravity anomalfes Whose
spacfa]'frequencies are higher than 0,05 cycles/km and Tower thaI
ur

0.5 cycles/km. - These are represented on a contour map at & cont

interyal ofil;O mgal representing gravity anomalies larger than 2 km

but sm&i]er!than 20 km. An tntegra1 part of the filtered represen«

tation Ts an estab!ished zero-mean approximate1y~mfdway between’ the (

h1ghest and the lowest gravfty anomaly value extremes.

Figure 8_shows several gravity features not readi1y apparent on
the terrain4QOrrected Bouguer gravity anomaly map of Figure 6. The
ones of signifioance here are ltsted below: h

1) A closure of 2 mgal - indicates that the Black Rock
gravity high must be caused by near-surface density
contrasts.

2) The M11ford'Va11ey gravity low is shown as a southern
closure stretching of f of the map and a northern
closure of at least 2 mgal.

3) The southern closure shows the same westerly shift
as does the gravity high over the north end of the
Mineral Mountains granitic pluton.

4) The gravity saddle separating the northern and
southern closures of the Milford Valley gravity low
Ties along a line connecting the Paleozoic rocks
exposed in the southern Pavant Mountains and Cove
Creek areas with the Pinnacle Pass Contact zone in
the north Mineral Mountains. ,

5) The B]ack Rock Desert grayity low {s shown as -
seyeral gravity low closures whose connecting
saddles trend east-west demonstrating a poss1ble
“ripp]ing" 1n the underlying bedrock : :

6) A gravity low of 4-mga1.closure,is shown in the
~ northeast corner of the survey area. This 1is most

likely due to edge effects generated during the:
filtering process as data in this region was sparse

7) The absence of the large gravity gradient seen in
Figure 6 through Clear Creek Canyon is evidence
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HIGH-PASS FILTERED
BOUGUER GRAVITY ANOMALY
MAP OF THE COVE FORT
AND NORTH MINERAL MOUNTAINS
| REGION, MILLARD AND
BEAVER COUNTIES, UTAH
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Figure 8 . High-pass ﬁ 1tered Bouguer gravity anomaly map of the north Mineral Mountains and
Cove Fort region, Beaver and Millard counties, Utah; contour interval = 1.mgal
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that 1t is probably due to deep crustal density
variations,

' 8) The northnsouth-trending contours east of Coye Fort
are enhanced, and probably represent a range~front
fault forming the eastern boundary of north Beaver
Va11ey

9) The gravity contours now border north Beaver Yalley
Z1in an inverted and lop-sided *¥" and suggest closure
~ to the south of the survey area,

10) Sulphurdale is seen to 11e on a gravity saddle transverse
: to the north-south trend of -the major contours in the
area. The gravity saddle is flanked on the north and
south by gravity high spurs, on the west by the north
Beaver Valley gravity low and on the east by a grayity
Tow over the Dead Cow Springs area (cold) of 3-mgal closure,
The re1at1ve grav1ty anomaly magnitudes range from the +20 mgal
local gravity: high associated with the northwestern edge of the
Mineral Mounta1ns granitic pluton to the -15 mga1 grav1ty Tow

closure of the B]aok Rock Desert gravity low.

10 were compered-with the terrain-corrected Bouguer gravity anomaly
data. A surfoCe offeach order wes oa]culated that bestvrepresented

the gravity date:(point-wise least—mean—square—errOr),"The "zeroth"
~order po1ynomia].eurface represented a Bouguer grarity anomaly meen

value of aﬁont af83 mgel WhiIe-the'first-order polynomia]-Surfacev |

displayed an’ average Bouguer gravity anomaly trend of -24 mga1 north

to south, and -22 mga] west to east.

- A second-order po]ynomial res1dua1 gravity anoma]y map (Append1x

| 4. Fig. 9) was produced at a contour 1nterva1 of 1.0 mgal for com-

parison with the high—pass filtered gravity anomaly map. . It was

not surprising toctind both maps so simi]ar, as both residoal

methods eliminate the long wave-length, and retain the short wave-

Po]ynom%a]'fitting.e-Polynomial surfaces of orders zero through |
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SECOND-ORDER POLYNOMIAL :
RESIDUAL BOUGUER GRAVITY ANOMALY

MAP OF THE COVE FORT
AND NORTH MINERAL MOUNTAINS
_ REGION, MILLARD AND :

BEAVER COUNTIES, UTAH

' 1977
CONTOUR INTERVAL 10 mgal.
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Figure 9 Se.cond-brder po]ynomfa] residual gravity anomaly map of the north Mineral Mountains
. and Cove Fort region, Beaver and Millard counties, Utah; contour interval = 1 mgal

s




53
length anomalies, The ability to adjust'hidhaandalow~frequency
cut—offs,utilizing Fourier decomnosition allowed greater flexibility
' than filtering the gravity data by a polynomial order, Edge
effects were noticeably less on the second-order poiynom1a1 residual
gravity anoma]y map while more high-frequency components were
retained in the high-pass filtered Bouguer gravity anomaly map.

Second vertical derivative technique -=-A low-pass filtered

second vertical derivative anomaly map was produced at a contour
interva] of 1.0 mgal (rep]acing calculated units of mgai/km with mga])
A Tow-pass cut—off frequency of 0.33 cycles/km was employed to
':elimlnate anomaiies smai]er than 3 km so that the output would not
be dominated.byjnoise.generated from the magnification'of the highest
frequency components in the gravity data (Fig. 10).

Severaiianoma]y c]osunes were shown by this technioue (Fig. 10)
that were not Shouh'by the otner anomaiy sepAration techniques:

1) A gravity reentrant south of the Black Rock gravity
gigh shows up as a grav1ty 10w with a closure of
mga ' .

2) A series of gravity lows of 1 to 5 mgal ciosures
are seen to flank the Black Rock and north Mineral
Mountains gravity highs (as well as the gravity
saddle that joins them) on the west. Topographically,
this corresponds to a narrow north- south- -trending -
valley containing South Twin Peaks in the north: and
alluvial washes to the south.

3)A definite 11neation is seen between small gravity
closures extending from the north end of the Milford
Valley gravity low, across the northern end of the -
Mineral Mountdins, through Cove Creek, and 1nto the
Clear Creek Canyon area. :

4) An alternating pattern of high and. iow gravity

- closures flank the lineation of (3) on the south,
east of the Mineral Mountains. It is not clear
whether these are Gibb's phenomena in the output




' SECOND VERTICAL DERIVATIVE |
BOUGUER GRAVITY ANOMALY
MAP OF THE COVE FORT:
AND NORTH MINERAL MOUNTANS
REGION, MILLARD AND
BEAVER COUNTIES, UTAH
1977 :
CONTOUR INTERVAL 1O mgal

GRAVITY DATA FILTERED BY W.D. BRUMBAUGH
DEPARTMENT OF GEOLOGY AND GEOPHYSICS,
© UMIVERSITY OF UTAH ’
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F%gure'm' ‘Second .vertical derivative gravity anomaly map of the north Mineral Motuntains and
Cove Fort region, Beaver and Millard counties, Utah; contour interval = 1 mgal .
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-or may possihly haye g geologic significance.. This

~line of gravity bighs and lows corpelates well
however, with the aeromagnetic 1tneation seen in
Figure 15 (discussed below).

5) The flat topographic valiey that inc]udes cOve Fort
is seen as a grayity low with 4-mgal closure, '

~An eiongated‘magnetic intensity low separates relative magnetic
intensity'highs over the Black Rock Desert‘(gravity Tow) and the
southern Pavant‘Range (gravity high) from magnetic intensity highs
over the'Minera]jMountains (gravity high), Beaver Valley (gravity
low), and the Tushar Mountains (gravity high relative to Beaver
Valley, but a grav1ty 10w with respect to the Pavant Range). The
observation of (4) above applies to the almost perfect superposition
of this eiongated magnetic intensity low (Fig. 15) with the line
of a]ternating positive and negative gravity anomalies observed on .
the second vertica] derivative map (Fig. 0). This superposition
of gravity and magnetic 1nten51ty features also lies a]ong a geo- |
morphic lineament in the topography - This coincidence of anomalies
occurs along an east-southeast-trending zone connecting the-north
| MineralvMountains north of Pinnacle Pass with the Clear creek'Canyon
area, and is’ centered over - the Cove Fort - Sulphurdale KGRA This
magnetic intensity feature also coincides with the apparent right-
1atera1 offset in gravity contours observed in the southeast-
northwest strike- filtered gravity anoma]y map (Fig. 14). .

The overa}I'fOrm of the second vertica]bderivative anomaly-map
is similar'to‘thevpreviously discussed residuai-maps'and shows many
- of the.same anomaiies. 'The large gravity gradient throughaCIear Creek

Canyon observed on the’terrain-corrected'Bouguer gravity anomaly map




(Fig, 61'is,again’ahsent, adding further eyidence of a deep crustal
cause, o : '
Strike—filtering techniques.-wFour strike-filters were appiied

to the terrain—corrected Bouguer gravity anomaly data: They were
designed to enhance anomalous trends striking tn the north-south
(Fig. 11),ieast-West (Fig. 12), northeast-southwest (Fig. 13), and
northwest~southeast (Fig. 14) directions ano,suppress all others.
vThis was accouplished by using an azmithal filter of frequency band
width 0.05}cycies/km to 0.5 cycles/km. The filters enhanced anomalies
trending within’a 60° "pie-slice" of the central'strike,direction,
thus covering all 360° of the compass (Appendix 5). |

The centra1 strike-directions ‘were chosen by evaluating ‘the
terrain-corrected Bouguer gravity anomaly map and the 3 re51dua1
maps discussed above. Several dominant trend directions were
apparent: REET | o

1) The north-south trend of gravity contours that probabiy
. represents Basin. and Range fauiting,

2) The near east-west aiignment of the north end of

the Milford Valley gravity low and the Mineral -
Mountains gravity high with the north-south gradient
‘passing through Clear Creek Canyon. 'Also there

~ appears to be series of gravity lows associated with
‘the geomorphic lineament from Negro Mag Wash, west

- of the Mineral Mountains, east, across northern Beaver
Yalley and into the Pine Creek ‘Canyon area of the
Tushar Mountains .

3) The east-northeast-west-southwest trend of the

- gravity highs found over the Paleozoic exposures
- (appearing to be the upturned- Ieading edge of -
an overthrust sheet).

4) The Black Rock - north Mineral Mountains gravity saddle
aligns nith a spur from the Black Rock gravity high
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NORTH-SOUTH-STRKE-FILTERED
BOUGUER GRAVITY ANOMALY
.. MAP OF THE COVE FORT .
AND. NORTH MINERAL MOUNTAINS
REGION, MILLARD ‘AND
BEAVER COUNTIES, UTAH
Qo7

CONTOUR INTERVAL 1O maal
GRAVITY DATA FILTERED BY WD. BRUMBAUGH
DEPARTMENT OF GEOLOGY AND GEOPHYSKCS,
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Figuré 11 'North-south strike-filtered Bouguer gi*avi ty anomaly map of the north Mineral
o Mountains and Cove Fort region, Beaver and Millard counties, Utah; contour
interval T mga‘l
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EAST-WEST STRIKE-FILTERED =

BOUGUER GRAVITY ANOMALY ©

4 MAP OF THE COVE FORT
AND NORTH MINERAL MOUNTAINS
REGION,, MILLARD AND
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Figure 12 East-west strike-fi Ttered Bouguer gravity anomaly map of the north Mineral Mountains -
and Cove Fort ‘region, Beaver and Millard Counties, Utah; Contour interval = 1 mgal
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SOUTHWEST-NORTHEAST STRIKE~
. FITERED BOUGUER GRAVITY ANOMALY
" MAP OF THE COVE FORT '
AND NORTH MINERAL MOUNTAINS
REGION, MILLARD AND -
BEAVER COUNTIES, UTAH
L7
~ CONTOUR NTERVAL  LO mgal
GRAVITY DATA FILTERED BY WD. BRUMBALIOH

DEPARTMENT OF GEDLOGY AND GEOPMYSKCS,
 UNVERSITY OF UTAH
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Figure 13 Northeast-southwest strike-filtered Bouguer gravity anomaly map of the north Mineral
Mountatins and Cove Fort regifon, Beaver and Millard counties, Utah, contour
interval = 1 mga1 _
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 SOUTHEAST-NORTHWEST STRIKE- .
FILTERED BOUGUER GRAVITY ANOMALY
MAP OF THE COVE FORT
AND NORTH MINERAL MOUNTAINS
REGION, MILLARD - AND
BEAVER COUNTIES, UTAH
» 1977

CONTOUR INTERVAL 1.0 mgal

GRANTY DATA FITERED BY W.D. BRUMBAUGH
DEPARTMENT OF GEOLOGY AND GEOPHYSICS,
UNIVERSITY OF UTAH.

 EXPLANATION

Figure 14 Northwest-southeast strike-filtered Bouguer gravity anoma]y map of the north Mineral
, Mountains and Cove Fort region, Beaver and Millard counties, Utah; contour
interval = 1 mgal
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Figure 15 Regfoha] aeromagnetic-anomaly map of the north'Minera1‘Mountiins and'COVe Fort region,.

Beaver and Millard,counties,uUtah;:contour\interval = 20.and 100 gammas.
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 The foup following strikeefiltered maps show these anomalous
trends tggethér with features not ciearly‘eviﬂenced tn the preytous
residual gravity maps: |

1) The north-south strfke-filtered gravity anomaly map
(Fig. 11) -shows an unexpected continuation of the
Black Rock Desert gravity low south to thie Beaver
Valley gravity low, There {s also an apparent left-
lateral offset to the west of the Black Rock Desert
gravity low at about the same latitude as the Pinnacle
Pass Contact zone found at the north end of the Mineral
Mountains granitic pluton,

2) Surpris1ng]y, the east-west strike~filtered Bouguer
gravity anomaly map (Fig. 12) shows no strong east-
west lineations. This suggests 1ittle vertical
movement in east-west fault zones that would create
north-south lateral density contrasts. Of those
east-west trends present, the most significant are

- two gravity highs, one extending east and the other
west that terminate over the Pinnacle Pass COntact
zZone 1n the north Mineral Mountains

3) The northeast-southwest strike-fi]tered Bouguer gravity
anomaly map (Fig. 13) emphasizes a residual gravity
Tow with 4-mgal closure centered over the Black Rock -
north Mineral Mountains gravity saddle that extends
between the Milford Valley and Black Rock Desert . .
gravity lows. A steep gravity gradient exists across
the strike-filter direction across the map connecting
all of the Paleozoic rocks that crop out in the survey
area (except the outliers in Cunningham Wash)., This
gravity gradient appears to be left-laterally offset
in the northern Cove Creek area. The gravity saddle
associated with Sulphurdale shows up in this map as:
an elongated gravity low of 1-mgal closure extending
from the northern Beaver Valley gravity low to
Clear Creek Canyon. It incorporates the low to the
east of Sulphurdale and lies transverse to the
suspected range-front fault zone separating north
Beaver Valley from the Tushar Mountains. The Sulphur
Cove area shows a residual gravity low of 1-mgal

- closure with another slightly larger residual gravity
low about -2 km to the west.. This second gravity Tow
Ties -along the range~front fault zone, mentioned. above,
to the north and east of Cove Fort. It was noted =
that here, too, were found sulphurous - depos1ts, some
mining prospects, and hydrothermal alteration.” A
gravity high centered in Clear Creek:Canyon of 2-mgal
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closure separates the set of gravity lows associéted
with Cove Fort frem the gravity low associated with
Sulphurdale, _

4) The most significant feature portrayed in the north-
west-southeast strike-filtered Bouguer gravity anomaly
map (Fig, 14) 1s a 4-km, right<lateral offset in the
gravity contours. This offset occurs between the Black
Rock and the north Mtneral Mountains gravity highs tn
the region of the Pinnacle Pass Contact zone. It was
also noticed that quartz latite dikes found in the
Pinnacle Pass Contact zone trended almost exclusively
in a north-northwest-south-southeast direction. '
Additional anomalies are right-laterally offset in an
east-west direction across much of the survey area,

The aeromagnetic intensity gradient (Fig. 15) discussed
earlier also falls within the offset zone, It

is probably most important, though, to note the
coincidence of the upwarped edge of the buried

Laramide overthrust sheet (see section on the I-15
gravity profile) and the aeromagnetic intensity
gradient with this left-lateral offset in the gravity
contours as indications of a deep-seated east-west-
trending structural feature. e




GRAVITY PROFILES AND INTERPRETIVE MODELS

Interpretation Techniques |

The fo]lowing two interpretive grav1ty profiles comprise the
detailed gravity conducted during the survey. They are roughiy
orthogonal, the Black Road profile extending east and west, and the
Interstate HighWay 15 (I-iS)’profiie extending north and south.
The station spacing aiong the east-west Black Rock Road traverse
was approximately 1 km while the station spacing along the I-15
‘traverse was apprOximately 1/10 mi. Once a regionai gravity gradient
was chosen ahd removed from the observedlgravity data (Appendix 4),
the gravity profiles were modeled as if the data were taken over
a fiat surface, therefore the depths to "bedrock" cited in Figures
16 and 17 are with respect to the surface elevation. ‘

~ Grant and West (1965) and Nettleton (1976) supplied ‘the

characteristic_curves for pre]iminaryvanalysis of the profile data.
Only one fault hespmodeied for each major infiection in the residua1
ﬁgrav1ty data. The major inferred faults determined from"both:
gravity profi]es have been plotted on the Generai Geology Map
(Fig 3) perpendicuiar to the assoc1ated traverse un1ess they confirm
previously mapped or inferred faults of a definite strike

A two-dimensiona]'modeling=technique (Appendix 5);was used to
refine the‘initiai model. 0n1y~two-1ayervmodels were cthidered.

Bedrock was assumed to be a uniform density‘of 2.67 gm/cc and the




overlying materfal was assuned to be 2 variabie mix of alluvium
and/or vo]canics ranging in density from 2.00 to 2.40 gm/cc.

- The Beaver Valley 01 Co.'s dry oil well (see Data Contro]
Section) west of Black Rock and the surface exposures of bedrock
were the oniy depth controis available on both gravity profiies.
Error bars have not been included on- the interpretive gravity
profiles because &t the scale of Figures 16 and 17, ‘error bars of less
than llmgal wouid be 11legible, and the magnitude ofithe anomalies
modeled are generally an order of magnitude greater than the estimated
error, which is estimated to be 0 5 mgal in the vaiiey areas (see :

Data Error Anaiysis Section)

Black Rock Road Gravity Profile

The Black Rock Road gravity profiie intersects most of the
major north south-trending contours observed in the terrain-corrected '
Bouguer gravity anomaly datat_zThis profiieaextends 44‘km east from ‘
BiaCk Rock’to 5fkm'east of Cove Fort entirely over aiiuvium. 'As

-mentioned previousiy. oniy one dri11 hoie exists for depth controi N
The computed two-dimensionai mode] along this profiie assumes a -
strike iength iong compared to the anomaiy width being modeied nv
severai cases pointed out. 1ater, this is not true '

The interpretive mode1 is composed of 4 segments with assumed
density contrasts, West to east, of -0. 5, -0 45, -0. 5, -0 35-gm/cc
This infers differing densities (in a horizontai direction) of the

z ﬁ[- 'voicanics beiieved to be covering the bedrock over various portions

of the profile: aiong with the aiiuvium (Fig 16)
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The westernmost segment of the»calcu]a%ed model contains 3
grabens and 3 horsts. The first graben is a{gravity reentrant from
the,north'Milford>Va11ey gravity low, evident on the_second
vertical derivative Bouguer gravity anomaly map (Fig; 10) as a
gravity Tow with_4 mgal closure. The balance of this segment of
the inferred subsurface model 1s of dubious geologic validity.

-gravity gradients'modeled close or change direction close to the
traverse and‘thus violate the "infinite" strike-length assumption.
As modeled, homever, the north MineraI-Mountains are.represented by
an upthrown fauft block with high angie fauTting on the east and
west with throwsvof 550 m and 530 m respectively. The oraben
modeled to the uest of the fault block notedfabove isva represen- -
tation of the gravity sadd]e separating theﬂBlack RoCk’Qravity
high and the north Mineral Mountains gravity high fo;the'east of
the Mineral Mounta1ns fault b10ck, a’ topograph1c low area flank1ng
the range, is a_modeled graben co1ncident w1th,the topograph1c Tow
land drainage area east of the mountains rande'with-an average‘depth
to bedrock of Sudlm Several high ang]e faults oceur” in the Cove :
Creek area’ about 4—6 km east of the north Mineral Mounta1ns These
faults bound a fault b]ock upthrown about 500 m on the west and 300
‘meters on the east - The 1inferred faults bounding this horst align
with faults mapped by Hintze (1963) in the vo]can1cs to the north
East of this fau]t block the basement displays a series of Tow angle
rises as the Pa]eozo1c rocks are approached from the west }

. Here lies the second segment ‘of the subsurface wh1ch.was modeled

at a density contrast»of -.045 gm/cc. YA]though basement relief is




‘ 68

apparent, structural control is probany npt-Basin and Range. Surface
exposures in this area show upturned bedding planes oyerlain by
andesitic and basaltic volcanics. The eastern edge of'this}segment
forms a high angle Basin and Range-type fault, but again, the model
is only approximate due to the lack of an “infinite" strike-length.

‘The third calculated model segment represents the small valley
west of Cove Fort. This va11ey is bounded on the east by a range |
front fault modeled with a denstty contrast of -0.5 gm/cc and
displays a buried'throw of 500 m. The west-boundary is a three-
dimensiona1 structure with an apparent buried throw_of‘750 m; The
Va]]ey fill, wnich was assumed to be a11uvam; may in places consist
of th1n, ves1cu1ar basalts (of about the same density as the a11uvium,
as such basalts are exposed in near-by road cuts. |

East of this small valley an upthrbwn fau1t b]ock‘of’basement
mater1a1 over1a1n by volcanics and a th1n veneer of alluvium was
mode]ed The average density contrast was assumed to be -0.35 gm/cc
giving a minlmum-depth of burial of about {5 m. Sulphur Cove lies
due north of the highest part of this fauIt}bIQCk.} It is noted that
the bedrock deepens’near the east end‘of:the‘profi]e.' The surface

rocksrhere'are:principally Dry Hollow Tatites.

| _Interstate,Htghmay 15 Gravity Proft]e ‘
The Interstate Highway 15 (I-15) gravity proftle‘ektends ina
north-south d1rection for about 38 km from latitudes 38°30' to 38%5"
N. Along this profi]e. an interpret1ve two-d1mensmona1 mode1 was

calculated in an attempt to detect basement structure orthogonal to
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the Basin and Range grain. The profile lies over alluvium on the
south but has 3vbedr0ck exposures in its'ndrthern half.
The twoflayer model calculated for this gravity profile is

shown in Figure 17. It 1s comprised,of uniform density (2.67
gm/cc) bedrock_dverlain by alluvium and volcanics of variable
density The calculated model was segregated into three segments
of densities, south to. north -0.5, -0.45, -0.40 gm/cc. indicating
a higher concentration of surface volcanics to the north

| The residual grav1ty anomaly observed over the central part of
the I- l5 profile comprises a steep gravity gradient (with a total
‘relief of 16 mgal) with a series of step-like features Along the
southern part of the profile, the re51dual gravity anomaly values
(Appendix 4) fluctuate between -12 and l6 mgal ‘This section of the
profile was modeled at a-density contrast_of -0.5 gm/cc and basement
- relief is,indicated'in Figurefl7valternately:as upthrown and down-
thrown fault blocks of bedrock. The c‘aic‘ui'la'ted model for the central

‘segment'of the'profile‘showSRa“"sawtooth“'pattern.that may be a

o manifestatiOn of near‘surfaCe density'contraSts‘that'cannot be

adequately represented by a ‘two-later model However, the probable
'cause of this gravity gradient (w1th 16 mgal of relief) is a relation
to the'overthrust sheet found to the north involving the: upwarped
edge of the Paleozoic over Mesozoic sedimentary strata modeled as
having a minimum thickness of about 3500 ft (l 2 km) Evidence“of
this explanation is'in the bedding planes seen 1n road cuts in: Dog
Valley Pass along I- 15 which have a dip of about 65° NNW. This

’central part of the I-15 profile was modeled at a density. contrast
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of -0.45 gm/cchdue to the volcanics observed;<and the relative
surface densities measured, in the area (Table 1, Appehdix 2).

A recess in the bedrock is noted at the intersection‘of-the first and
second profile sect1ons where the den51ty contrast changes from

-0.5 gm/cc to -0. 45 gm/cc. A]though the mode] shows a downfaulted
block of alluvium and/or vo1oanios,‘with a tota1 depth of 1.2 km,

it may also be interpreted to be a narrow zone of lowedensity'material
in the bedrock‘itself. It is also noted thet thfs Tow-density zone
is on an east-west line joining Negro Mag Wash in the Mineral
Mountains with the Pine Creek Canyon-Sulphurda]e area in the Tushar
Mountains. Another observation is that the maaor1ty of grav1ty

. contours form1ng the Clear Creek Canyon grav1ty grad1ent extend
paraliel to the assumed strike of the central section of the
ca]cu]ated mode] for this gravity prof11e throughout the,reg1on be-
tween Pine‘Creek.tahyon on the.soUth'énd‘Doéiva11ey‘bass on the

~ north. | B - ’:A o

Along the'horthern part of the profile, the two anomalies
specifically modeled were*the‘graVity;lows over.Dog”VaIIey1and White
‘Sage}Flats. At a density contrast of -O.4tgm/cc the calculated
model seen invFiQure 17 shows a depth to beorock in Dog Valley of
about 1150 ft ano'a'depth to bedrock in White Sage Flats of about
1400 ft. L | | “




SUMHARY AND. CONCLUSTONS |

Geéneral, --During the summers of - 1975 and 1976 a gravity survey
was conducted in the Cove Fort - Sulphurdale KGRA and north Mineral
Mountains area, Millard and Beaver counties, Utah. The survey
consisted.of 671 gravity stations covering an‘area of about 1300 km2,
and included two orthogonal gravity profi]es‘traversing the area.
The purpose of the study was to aid in eVa1uating the geotherma}

potential of this region by deTineating, as near]y_as possible, the

~ near-surface structural setting as evidenced by the earth's gravity

field.

Interpretat1on Techniques.-—The data are presented as a reg1ona1

terrain-corrected Bouguer grav1ty anomaly map ‘of 1-mgal contour
interval of the entire survey area, an isometric; three-dimensional
gravity anomaly.SUrface, and as an area terrain-corrected Bouguer

grav1ty anomaIy map (a]so of T-mgal contour interval) of the Cove

Fort - Sulphurdale KGRA. Hand-d1g1tized (at-]-km 1nterva1 on the

Universal Transverse Mercator grid) grav1ty data from the reg1ona1
contour map were. filtered 1n ‘the frequency and space domains using

the anomaly separation techniques of Fourier decomposition, second

vertical der1vat1ve, str1ke f11ter, and po]ynom1a1 fitt1ng ana]ysis,

respect1vely These anomaly separat1on maps were compared with the

originalfterra1n- orrected Bouguer~grav1ty anomaly, aeromagnetic
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i

anomaly (derived from the Aeromagnetic State Map of Utah), and general
geology maps of the region to arrive at a reasonable subsurface
structural setting consistent with the known surface geo1ogy and

inferred geologic trends.

Grayity Patterns and Interpretation.--The principal gravity highs j
and lows are a function of depth to bedrock;"Bedrock.asdused in this
'Study means any material of density 2.67 gm/cc or higher. Density
contrasts used assume a single layer of bedrock overburden composed
'of alluvium and vo]canics of density 2.0 to 2 3 gm/cc.

It was found that of the approximately 68-mgal gravity relief

over the survey area, 20 mgal should be assigned to den51ty.oontrasts
in the deep crust due to their 1arge areal extent-(]ong wave 1ength)b
and the remaining 38 mgal of relief was assumed to be due to near-
surface density.oontrasts. No prominent gravity feature was observed .
that wouid’indioate either a/mo1ten or a solidified magma chamber
at depth'or near¥surface._ East-west anomalous trends'inithe'grauity
- data, however, were observed that correspond with denSity contrasts
a1ong-recognized'geomorphic~and structUra1c1ineations.‘

| Residual gravity gradients of 0.5 to 8.0 mga1/kmﬁaeross,northe
trending gravityicontours observed through the Cove Fort area, the
Sulphurdale area, and the areas east of the East Mineral Mountains,
“along the west f]anks of the Tushar Mountains, and on both the east
and west flanks-of the north Mineral Mountains, were attributed to
north‘trending~Basin and Range’high-ang1e fau1ts The density contrast ‘
causing the observed gravity gradients is thought to be created by

basement rocks in contact w1th,voican1cs and/or alluv1a1 valley fi11.
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.Major.gravityvhighs exist over the'communitv;of Black Rock:area,
the north Mineral Mountains, the Palebzoic‘outcrops in the east Cove
Creek-Dog Vaiiey-White Sage Flats areas, the Laramide overthrust
zone of the southern Pavant Range, and the Paleozoic sediments and
Tertiary intrusives of the East Mineral Mountains. The'principai
gravity lows, which occurred over northern Mi1ford and Beaver
valleys, the southern B]ack}Rock Desert (where no‘noticeabie topo-
graphic relief suggesting a valley exists),~and Cunningham Wash are
separated from the above gravity highs by steep gravity gradients
A gravity Tow with a closure of 2 mgal corresponds with Suiphur Cove,
a circuiar-shaped topographic feature containing sulphur deposits
| The gravity gradients surrounding the southern Black Rock Desert -
(within the surveyfarea) and the northern‘end of Milford;Valiey’are
attributed to both‘crustal downwarping.of the-sedimentary rocks and
associated faulting,”whereas the'gradient foond around the“north end
of Beaver Valley is attributed principaily to the upwarped edge of
 the Laramide overthrust sheet, B v'

Severa] significant gravity saddles with various alignments
Were observed in the survey area. The Pinnacie Pass Contact zone
‘corresponds w1th a sma]] gravity saddle that separates the gravity
highs associated with the Minerai Mountains pluton on the south from
those observed over the mapped overthrust sheet of Paleozoic rocks to
the north. In the area of this contact zone, the grav1ty highs are
apparently right—lateral]y»offset about~2.5 km along a possible-east-
west'strikeASlipffault zone; but the evidence.of a right—]ateralx-

offset in the surface geology of the igneous-sedimentary contact zone
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is lacking.

Several north-south anomalies consisting of contour offsets,
gravity closures, and interrdptions.of smooth gravity»Contours were
observed in both the terrain-corrected Bouguer gravity anomaly map
and the residual gravity anomaly maps from»the Minerai Mountains
to the Tushar Moontains. These east-west gravity features correlated
well with geomorphic and strocturai featdres‘extending from,Pinnacle
Pass to Clear Creek Canyon on the north. andvfrom Negro Mag Wash
east to Pine Creek Cahyon on the south.. This east-west band contains
both the Roosevelt Hot'Springs and the Cove Fort-Suiphurdaie KGRAs.

Structural features w1thin the Cove Fort- Suiphurda]e KGRA were
shown to indicate both north-northeast and - north-south-trending
high-angle fauits near Su]phurdaie and Suiphur Cove. Suiphur Cove
_lies in a gravity low of at ieast 2-mga1 ciosure that is probabiy
due to hydrothermai alteration of the underlying materia1 Suiphuref
daie was shown to iie on a small gravity nose extending west from a’
gravity high in.the Tushar Mountains area (possibiy due to avrift
in the rangeéfront fault aiong the western'?lanks of the'Tushar
yMountains) over]ying the Junction of Basin and Range high—angle -
faults trending north south and the above—mentioned zone trending
north~northeast ‘

~The aeromagnetic data show:a.strong gradient with eastewest-=
striking contourSSin the Pinnacie‘Pass igneons-sedimentary contact
zone (high magnetic intensity to the south. and Tow to the north) and
indicate some closure over the Minerai Mountains pluton. . This‘.~:~ |

pronounced magnetic gradient extends through-the survey area from
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Milford Valley oh the west touCIear Creek Canyon on the east. and
supports gravity data that 1nd1cates a possib1e major east-west |
structural feature _
An extension of the‘Laramide oyerthrUst sheet observed in the
southern Pavant Range is 1ndfcated as extending under alluvial cover'
.by: 1) a west¥southWestward-trending gravity nose that 1tes over the
| Paleozoic exposures in east Cove Creek*area, and 2) the east-northeast-
Ward-trending gravity'nose originating over'the Paleozoic rocks
exposed north of the Pinnac1e Pass Contact zone. The.junction of
these two gravity noses forms a saddle that separates the Black
~Rock Desert grav1ty Tow on the north-northeast from the north Beaver
Valley grav1ty low on the south-southeast A possible buried,
upwarped edge of the above overthrust is suggested by the 16-mgal
relief found on the north-south trending-Ifls;gravith profi]e_ '
I between Sulphurdale on the south and Dog Valley Passion'the north.
Data obtained from the east-west Black Rock Road gravity
prof11evresu1ted ﬁn a calculated model of the bedrock that shows
simplified Basin and Rangerfaultingvto the~ueSt. The small valley
adjacent'tohCove:Fort-Was°mode1ed as a donnthrown*fau]tlb]btk°(with

a density contrast_of -0.5 gm/cc)vbounded by*high-anQIe fau1ts'uith

throws of 500 m’on the east and 750’m on the west. A gravity high
with 4 mga] closure, lying due south of the Sulphur Cove gravity 1ow;
is attributed to an upthrown fault b]ock of sedimentary rocks under- - |
lying the exposed volcanics in this area. “

pata obtained from the north-south Interstate H1ghway 15 gravity

profile resulted in a calculated model showing a steep gravity
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gradient of 16—mga1 relief and with stepeii&e anomaiies, The gradient
is‘preferably interpreted as the gravity reSponse_offnearésurface '
Paleozoic bedrock, associated With a buriedi upwarped edge of the
Laramide overthrust sheet exposed to the north interfacing with
lower-density vo]canics and aliuvial valley fi11 overlying the deeper
bedrock to‘the south. The iocation»of this postu]ated overthrust
margin lies aiong an eastward extension of the Pinnacie:Pass Contact

.zone.

Inferred Structura] Setting,v-The reduced gravity-data correlate

well w1th the. known geo]ogy and other geophy51ca1 data of the region
'and indicate evidence for new]y interpreted geoiogic features,
tectonic trends, and structural c0ntinuities Tectonic activity

in this region has been both varied and great, and the observed
gravity anomaly patterns represent as assemblage of density contrasts
that are the product of several diastrophic events. Observed 'fv
gravity features indicate that the Basin’andzRange-Coiorado platéau
transition zone within the survey area is compiicated by at least
five-fold regional interva]s of defonnation 1) Laramide overthrust
fau]ting fol]owed by local folding of stratified and overthrust rocks,
2) Basin and Range fauiting, principally highvangie faults trending
north-south 3) large-scale warping and. faulting of the basement and
overlying rocks by the Coiorado p]ateau up1ift (probably
contemporaneous with Basin and Range faulting), 4) extrusion and .
intrusion of 1arge volumes of igneous materia] and 5) principa]ly
right-lateral strike-s]ip faulting. These.combined events developed

the -density contrasts observed over the entire survey region,
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fesu]ting in four basic fracture patterns b;ingvsuperﬂnposed: 1) Tow-
angle~thrust fau]ts.vz) high-angie, north-s?uth-tfénding (Ba§in and
Range);faults; 3) h1gh?ahg]e dip-slip north-northeast-trend1ng faults,
and 4)‘high-ang1e_strike-slip, east-west—trending faults.

| The principal occhrrences of hydfothermai alteration, hot spring
deposits, and'flowing hot Springs_qnd hbteWater wells abpaiently |
coincide with 1nferred'intersections:of east-west and north-south

and/dr north-northeast trending fault zohesl
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APPENDIX 1
APPLICATION OF GRAVITY SURVEYS IN GEOTHERMAL EXPLORATIONS

‘ Gravity surveys have been applied in almost every geothermal pros-
'pect published to date. However, because gravity does'not,give a'unique
signature over each geothermalvprospect, some confusion has arisen as |
to what information the gravity anomaly map gives at each prospect.
Some examples of the application of grayity surveys ohtained at other
‘well-known geothermal areas will be discussed so as to:show the corre-
Jation of the gravity field with geologic structure as discussed by
Banwell (1970). L

L Gravity Highs :f w

| At the Imperial Valley KGRA in California south of the Salton Sea,n
:a residual gravity high of about 4-mgal closure 1s observed encompassing
an area of‘high heat flow, as described»by Rex.(1972). ‘Biehler and -
Combs'(l972)‘postulate}thatﬂthis feature'may»reflect either,an emplace-
ment‘o'f" frigher density rhyolite dOmes or a densification process in wh‘ich
the loosely consolidated sediments increase in density owing to cemen-
_tation and/or thermal metamorphism by circulating hot brines McNitt
(1965) states that this grav1ty“high could also be due to a local
structural high,vpossibly a horst. | |

The gravity surveys at Wairakei, New Zealand also show a positive

anomaly which may possibly be caused by a horst block within an‘area of
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regional subsidance as discussed by McNitt (1965). Grose (1971)

states that the‘gravity high at Wairaikei and other fields in
New Zealand are probably caused by densification. |

The Glass Mountain KGRA in Siskiyou County, California is
centered over a concealed Miocene claderadas described by Anderson
‘and Axte]i (1972).' A positive gravity«anomaiy of aimost‘4-mga1p
closure is noted oyer this feature. ThiS'ancientIdepression is
aimost totally filled by ]avas;‘ It may be important to note that
the,above-examples of,these pronounced gravityvhighs;occur in areas
of regional subsidence (McNitt, 1965).

,Gravity~Lows;.-- i

| Peters»(1974) shows that a pronounced gravity iow'nith 15-20
‘mgai of total closure‘isvobtained over.the‘Geysers-geothermai field,
which 1ies. 75 miles‘north of‘San Francisco. aThe anomaly'is'indicative
| of a magma chamber at a re]atively shaiiow depth in the earth s

crust beneath the Clear Lake volcanic field Anderson and Axte11

(1972) suggest that perhaps a molten or. near-molten body underlies
_ portions of the region at depth of 3 ‘or more miies.'
A similar feature is . described by McNitt (1965) over ‘the
» Larderello field, in northern Italy This negative anomaly’ has
o c]osure of about 10-25 mga] - It .is thought to be caused by a ‘cooling
o intrusion at great depth as described by Grose (1971) '
Again, it may be important to note that both the Geysers and the
Larderello fields occur invareas of regionalvuplift (McNitt, ‘1965).

: ‘Gravity Gradients
'Strong gravity gradients will usually denote steeply dipping
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fau]ts'or fauiting. The gravity method 1is iery powerfui in de-
lineating such:structure. Faults may be important in}a geothermal
area as they may actvas'conduits which bring*thermallfiuid from great
- depths or else.they may mereiy act to increase reseryoir permeability.

The gravity anomaly at the Leke CitvaGRAvin'Modoc County,
California is an enampie of'this_type'of feature. Anderson‘end Axtell
(1972) show a gravity gradient of up to 25'ngei‘in 2.mi1es occurring
here. This important structural feature is the Surprise Valley fault
which has a displacement of over 5,000 feet. It should also be noted
that a mud vo]ceno,and hot spring-cre centereo_in this iargeegrayity
gradient. | , |

e In summary. significant gravity anoma]ies may be obtained in i:
geothermal areas that w111 assist in the geologic 1nterpretation. vIt
should be empha51zed, however. that the_reiationship‘between ‘the

graVity anoma]ies'(highs, Tow, or‘gradients)’to the geology invthe
'geothermal area may be comp]ex, and, according to COmbs (1972), the
gravity method is open to gross misinterpretation if not used in

conjunction with other explorati on techniques
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Types

Granite |

' Granite1
Granite!
Granite
Granite

Granite

Granite
Granite
Granite
- Granite
Rhyolite
Rhyolite
Rhyolite
Rhyolite
Rhyolite
Rhyo1{te

Rhyolite

Rhyolite
Rhyolite
Rhyolite
Rhyolite
‘Rhyolite
Rhyolite

~ Rhyolite -

Rhyo]ite
Rhyolite

Rhyolite

APPENDIX 2 ¢

Location and wet bulk density of rock

samples collected from the survey area

. 38.32.10

N2 33.97"

WB-434

, Location R
Latitude N. Longitude W. Gravity ~ MWest Bulk .
Deg. Min.  Deg. Min.# Station No.  Density (gm/cc) -
383317 1246678  uB-408 2.60
38 32.48 12 48.929  wp-741 2.56
38 30.56 112 52.18°  WB-715 2.57
38 34.97 112 40.13%.  wB-273 2.62
38 29.36 - 112 42.20'  WB-356 2.61
3829.35.  11242.20'  WB-356 2.67
38 29.36 112 42.20'  WB-356 2.57
383519 nza8.3Y  u-526 2.55
38 35.19 112 48.31%  WB-526 2,58
38 33.10 12 47.469  wB-507 . 2.69
3831.28 112 39.24%9  WB-076 2,85
3830.29  11239.79%  WB-077 2,08
38 37.97 N2 36.42°  uB-206 2.45
38 37.54 112 36.557  WB-213 2.85
38 38.58 12 36.227  wWB-199 2.35
3838.65 1123618 ws-198 2.62
3839.19 1238 w19 2.24
38 38.67 112 44.58°  WB-316 2.4
13838.86 112 43.77°  WB-306 2.39
3838.70  1233.79"  wp-3s5 2.53
38 27.04 112 40.84'  WB-374 2.48
38 38.30 . 112 34.09°  WB-384 2.23
38 26.60  11240.44'  WB-369° 2.32
38 3813 112 33.56°  wB-483 2.31
38 38.13 112 33.567  wB-483 2.38
38 38.13 112 33.56'  uB-483 2.40
| ' 2.34




- Limestone
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Location . .
Rock Latitude N. LongitUde'w. Gravity Wet Bulk .
Types Deg. Min.  'Deg. Min.#  Station No. Density (gm/cc)
Rhyolite 38 33.69 112 34.12"  WB-430 2.62
Rhyolite 38 30.64. 112 33.16"  wB-437 2.37
Rhyolite 38 36.20 12 33.28"  wB-3%6 2.48
Rhyolite 38 42.99 112 51.68°  WB-575 2.40
Rhyolite - 38 34.08 112 48.04%  wWB-509 2.78
Rnyolite 38 34.08 112 48.04%  WB-509° 2.58
‘Rhyolite 38 33.61 12 46,90  uB-508 2.56
Rhyolite 38 31.92 112 33.68"  WB-485. 1.92
Rhyolite 38 41.56 12 31.147  wp-487 1.98
Rhyolite 38 43.56  112'49.33>  WB-598 2.24
Rhyolite 38 28.96 112 39.35'  WB-360 - 2.19
Lamprophyre | o d e -
Dike ~ 38 33.10 12 47.46%  wB-507 3.44
latite 38 27.48  112.39.50'  WB-37 1.92
Latite 38 35.41 112 48.870  wB-503 2.55
Latite 38 35.35 112 49.859  wB-658 1.8
Basalt . 38 34.03 112 40.519  WB-014 2.40
Basalt 38 35.59 112 40.02%  1B-013 2.30
 Basalt 383597  11239.26°  WB-012 2.20
Basalt 38 35.74 112 41.199  wWB-107 2.68
Basalt 38 35.98 - 112 35.92"  WB-423 2.52
Basalt  38.40.90 112 50.66°  WB-600 2.53
Limestone 38 40.50 112 35.40'  WB-025 2.73
Limestone 38 39.99 112 33.65°  WB-028 2.69
Limestone 38 39.99  112.33.65"  WB-028. 2.62
Limestone 38.29.62 112 41.65'  WB-355 2.74
Limestone 38 42.48 - 112 44,51°  WB-295 2.29
Limestone 38 42.44 112 43.42°  WB-292 2.56
Limestone 38 26.43 112 41.21'  wB-370 270
38 42.47 1232790 wp-a82 2.79
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_ ~Location |
Rock Latitude No. Longitude W. Gravity Wet Bulk
Types Deg. Min. Deg. Min.#  Station No. Density (gm/cc)
Limestone 38 37.10 112 49.629  wWB-587 . 2.63
Limestone 38 35.19  11248.319  uB-526  2.85
Limestone 38 42.71 nz 373’ we-s88 0 2.66
Limestone 38 35.71 112 50.13¢  WB-657 2.70
Limestone 38 36.07 12 50.139  wB-656 2.2
Sandstone 38 39.39 112 33.28°  WB-452 2.57
Quartzite 38 39.38 112 38.48°  WB-037 2.60
Quartzite 38 29.62 112 41.65° ~ WB-355 ~ 2.60
Quartzite 38 34.97 112 40137 wB-273 - 2.62
Quartzite 38 34.97 . 112 40. 139;' WB-273. . 2.53
Quartzite 38 41.01 n2 35090 ws-284  2.60
Quartzite 3638.05 112 32.48"  up-484 2.41
Quartzite 38.37.10 112 49.62%  wB-587 ' 2.63
Quartzite 3837.15  11250.36%  wB-655 2.6

! et Bulk density obtained from Crebs (1976).

# Letter superscript‘after longitude velue'denotes~the u.Ss. Geological

Survey 7 1/2 < minute topographic quadrangle map (pre11m1nary sheet)

from which the sample location was: obtained, where the fo]lowing

desfgnations are used.

_ a-~- Black Rock 3 Nw .
b -- Black Rock 3 NE _—
¢ -- Black Rock 3 SH
d -- Black Rock 3 SE
. e Cove Fort NW-
~ f =~ Cove Fort NE
| ‘g‘--ﬁCOVe Fort NW

h -- Cove Fort SE
§ == Beaver NW




APPENDIX 3

" DESCRIPTION OF GRAVITY FIELD BASE STATIONS AND HIGHWAY
RiGHT-OF-WAY MARKERS USED IN THE GRAVITY SURVEY

F.B.-1 (same as WB-1) field base station (See Figs. 1 and 2)

u.s. Geological Survey 7 1/2-minute topographic qnadrangle map:

Cove Fort SE (preliminary sheet)

Latitude - 38°35.11* N.

Longitude - 112°35.11" W.

Elevation - 5998“ft. o

Nature - U.S. Highway 91 right;of-wéy marker

Gravity Value - 979482.04 mgal o

The F.B.-1 gravity field base is located on the EonCrete pad of
old U.S. Highway 91 right-of-way marker ébout.lO:ft east of the
east side of the highway near a telephone pole‘located about
11/4 mi1és‘south of Cove Fort and ét‘the point‘where the 6,000
ft. contohr'crosées the road. The marker is located atlthe base
of a fen#é‘post (1 1/4 inch steel angle-iron) in the eastern |

highway stotk exclusion fence.

F.B.-2 field base station (See Figs. land 2)
u.s. Geo]dbiéa] Survey 7 1/2-minute topographic'qQédrahglé map:
Black Rock;3fNE 1/4 (preliminary sheet) |
Latitude- 38°38.24' N
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Longitude - 112°50.70' W '

Elevation- 5260 ft.
Nature- road intersection

Gravity Value- 979564.91 mgal
The F.B.-2 gravity field base is located at the junction of the

Black Rock and Antelope Springs roads at the north end of the

} v Mineral Mountains. An aluninum stake about 3/4 inch in
diameter pounded flush w1th the ground marks the exact spot,
whlch s located in the crotch of the "Y" fonning the road
'intersection. At the_time of last occupation by the author -
(Augustt1976), a piecé of quartzite about 10 inches in
diameter-was placed over the stake for eachrlocation at a later

date.

Highway rightfof-way markers
Nature;‘ZQinch‘gaivanized iron pipe with a brass cap on top and
embedded in concrete - similar to U.S.G.S;asection'corners
found in the area |
Location- found along fences border1ng u.s. Interstate Highway 15,

: Interstate H1ghway 70, and u.s. H1ghway 91 Theyvare

; N , usua]ly_but not a]ways marked by a pointed stake or several
l?fnchewide lathes woven into the fence itself over the |
spot;‘jRarely are they more than 20 ft from either side

" of the roadway.
Frequency- general]y they are placed every 1/10 mile, but are found
at all discontinuous changes 1n d1rection of the right-of-

way;and register distance in tenths of a mile plus so many
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feétf(if placed at other than even tenths of miles).
Elevation Accuracy- the elevation in feet (to 0.01 ft) and the
&eér1of the survey are stamped intq the top of each brass

Cap,




APPENDIX 4

- METHODS USED TO OBTAIN ASSUMED REGIONAL
GRAVITY TRENDS AND RESIDUAL MAPS

Least-mean—square Pb'lynomi al Fitting -- Maps
Po]ynom1a1 fitting was used to remove gravity anomahes of long

wave length from the gravity data. It was accompHshed by in-

~putting the gridded gravity values into exist'ing computer software

of Dr. J. R Montgomery._

Least-mean-square polynomial surfaces.--These routines

.calculated least-mean-square ho]ynomi al surfaces from the gridded

gravity data through order 10. The difference,

di = 940 = %

" where:

di = difference at the i-- point

gravity val ue observed at the 1t—h- point

%o
gravi ty ca] culated at the i point

‘g'ic

_was calculated at each grid point, i, for each polynoma] order. A

root-mean-square (RMS) value was then ca1cu1ated for each polynomial

as,

where n = 1107 (the".totaI number of grid points 1nvolved' in the
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64 x 128 array). A plot of the gridded data RMS values versus
polynomial order is shown in Figore 19,

A similaricalculation,

_ dg = %0 " %c
where:
ds difference at the ssh-stat1on |
9o = gravity value observed at the sth station
gsc = gravity value calculated at the sEh-station

gave the difference at each random data point,‘s (geographlc point
of observation);'for each polyndmial order. A random‘data RMS value -
was then calculated for each polynonﬁal (Fig. 18). | |

 The largest decrease in the RMS-error occurs between the first
and second order‘polynomial surfaces (Fig. 18), while a similar
decrease occurs between polynomial surfaces of ordertz and 3 in
7Flgure 19. This?is attributed‘to unaroidable aliasiné introduced
‘by the digitization process.— In general this aliasing distributed
the magnitnde:ofpanomalies smaller than 2‘km contained in the random
data set throdghout the balance of the‘anomaly field. " In the
frequency domain%this has the effect of:fOldlng the “power" of
anomalies represented by frequencies h1gher than the Nyqufst frequency
(0. 5 cycles/km) back 1nto the balance of the power spectrum of those
anomalies represented as frequencies lower than the Nyquist frequency.

Leastemean-square polynohial residual map --The distinct change

in slope between the second- and third—order polynomials and the form

of h1gher-order polynomials on both the random data and the gridded
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Figure 18 Graph of ‘the RMS. va]ue of the difference between observed
and calculated gravity values versus polynomiﬂ order for
the random data . ,
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Figure 19 Graph of. thé RMS value of the differencedbetwéen observed
and calculated gravity va1ues versus polnomial order for
the gridded data.
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data plots he]ped form the opinion of Drs. K L. Cook, J. R
Montgomery, and the author that the second-order po]ynomial surface
best represented the "average" gravity surface in the survey area.
The second-order polynomial surface calculated from the gridded
data is shown in Figure 20 (since it was the gridded'data that was
used for the computer processed aids to help interprétation--Appendix
5). As a.check. a Second-order polynomial residual'Bouguer gravity
’anomaiy contour map was compiled and compared with a high-pass
fi]tered Bouguer gravity anomaly contour map containing only fre-

quencies whose wave lengths comp]ete]y fit w1thin the survey area's

smallest dimension.

: Gravi ty Profiles

For computational ease, the assumed regional gravity trend
was approximated by piece-wise iinear segments over the length of
the grav1ty,profiles. The points of discontinuity wereﬁchosen at or
near‘outcrops‘of Paleozoic or Mesozoic sediments, the tie point
between the roughiy orthogonai profiles‘ and in the case'of the east
end of the B]ack Rock Road profi]e, to give a few tens of meters of
alluvium cover over an observed gravity high with Paleozoic and
.Mesozoic outcrops at the_surface;within about 1 km north of the
gravity profile at‘this Tocation. -

Black Rock'ﬁoad profile.~-The Black Rock Road profile has four

,regional match points. The west end of the assumed regional was tied
to the average terrain corrected grav1ty anomaly values of -165 mgal-

recorded by R. w Case (1977) in the Cricket Mountains 4 km west of




SECOND- ORDER POLYNOMIAL SURFACE
OF BOUGUER GRAVITY ANOMALY DATA,
COVE FORT AND NORTH MINERAL 3geas— | 52 30°
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Figure 20 - Setond-order _pol¥nom1a1 surface of Bouguer gravity anomaly data.Cove Fort.:
and north:Minera Mountains pregion, Beaver and Millard counties, Utah; -
contour interval = 1 mgal ,
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i .
the community of Black Rock. The westennmoEt Paleozoic outcrop
| within the survey area lies at the north end of the Mineral Range
and has an avenage terrain-cornected Bouguer gravity anomaly value
of -176 mgal. To the east, the next Paleozoic outcroo occurs north
of the Cove Font'Cinder Cone, about 1/2 km north of the profile; and
the average gravity value over these Paleozoic sed1ments was -195
mgal. Two 11near line segments connecting these three values along
| the profile, cross1ng the western border of the survey area at
-165.35 mgal, form essentially a straight line. The east-west
flexure in the second-order polynomial surface best_titting the
~ gravity data occurs just west of Cove'Fort.‘where Black Rock Road
intersects U.S,'Interstate Highway 15. From»this point the poly- _
nomial surface increases in amp1itude to the west, but assumes
almost a constant{value to the eest-southeast (a]ong'the Black Rock
Road extendingvinto,01ear Creek Canyon towards Monroe;'Utah). A
discontinuity Wasttherefore introduced at thié'intersection point -
by making the reneining assumed‘regionalkgravity'a]ong the Black
Rock Road profﬁ1e’a constant value of -200 mgal. This ‘value was
chosen to give a few tens of meters of alluv1um cover over the gravity
anomaly in Clear Creek Canyon, is previously" noted '

Interstate H1ghway 15 profile. --A]ong the Interstate H1ghway 15

profile the second-order polynom1a1 surface has a fairly constant
gradient from the survey area's southern boundany north to Cove
Fort. Further~north, however, the surface shows a positive flexure
which is expresSediin the assumed regibnal'gfavity of the:profile by

straight-line segments joining those terrain-corrected Bouguer gravity
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anomaly values observed at or near Paiedzoic outcrops along the
profile. _ | , ,h
Along the south end of the Interstate Highway 15 brofile, the
assumed regiona1 gravity was determined by using the eeme north-
south regional gradient that was observed 4 km west of the profile
between the Cove Fort cinder cone-Paleozoic match point (-195 mgal)
on the B]ack.RoekeRoad profile and Limestone Point (4214.mga1), east
of the Tom Harris Mine in Cunningham Wash (a total reTief of -19
mgal). By applying this assumed gradient te the -200 mgel value
at the tie peint between the Black Rock Road and the Interstate
Highway 15 prof11es the southern end of the Interstate H1ghway 15
assumed reg1ona1 was set at -219 mgal.

To the north of the 1nterprof11e tie point (occurr1ng at
graV1ty station number WB-155), stations WB-204 (- 199 mgal), WB-462
(=190 mgal) and a po1nt 1/2 km north of stat1on WB- 249 (-182 mgal)
on the prof1le s ‘northern border supplied the respect1ve bedrock
match po1nt read1ngs for the rema1n1ng assumed reg1ona1 grav1ty

values.




APPENDIX 5

COMPUTER PROCESSING OF DATA

Extensive computer processing in both the frequency and space
domains was employed in this study to enhance geologic interpretation
of the gravity data. Most software used in this study originated with
Dr. R. T. Shuey.and Mr. T.-J.‘Crebs in the frequency domain, 2)
dimensional fornard gravity modeling algorithm, and 3) Dr. J. R

Montgomery who supplied poiynomial-fitting routines and assistance in
their use. To facilitate using this existing software on the University
of Utah UNIVAC 1108, the terrain-corrected, Bouguer gravity data set
was digitized in a rectangulariarray. TheVdigitized}Vaiues.were then
Fourier transformed and filtered to gibe desired residual maps. The
detailed profiieidata were mode]eo in the space domain only. The
following discu551on details these steps. _

The reduced grav1ty values were first piotted at their appropriate
map locations by Iatitude and longitude, using a polyconic projection,
on a Ca]comp pIotter at a scale of 1: 62,500. Due to the non-randomness
observed in the data distribution (high den51ty in the val]eys and low
density in the. mountains) contouring and subsequent digitizing was done
by hand 1nstead of using a computational random-to-grid aigorithm- This
had the add1t1ona1 advantage of acting as a low-pass filter reducing any

sharp"kinks" introduced by unreasonable data points or extreme decrease
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in dat:\spacing., An array of 41 by 27 data points was picked on the
Universal Transygrse.Mercator grid corners (a 1-km digftization inter-
val) from the hand contours. N

The next step was to determine and subtract outfan‘assumed region-
al gravity surface'containing-both the mean and the trend. This was
accomp11shed using polynominal fitting techniques (Appendix 4). Before
transformation into the frequéncy domain, the data points on the
perfmeter of the residual, -rectangular array were extended in a border
5 grid units wide as constants, and then tapered to the res1dual data s
mean zero plane us1ng a half-cosine bell.

The two-djmens1ona1, Fast Fourier Transformation’algOrithm employed
then required»the_bordered, tapered residual data be padded with zeroes
to a 64 by 128 data set. F1nal Fourier transformed data were placed on
a Fastran file for mu1t1plicat10n by the appropr1ate fi]ter factors.

To produce the second vert1ca] der1vat1ve residuals, ‘the data set
was first low-passed at a cut-off frequency of 0.33 cyc1es/km to sup-
press excessive amp11f1cat1on of high frequency components The Fourier
transformed, low-passed data were then mu1t1p11ed by the f11ter factor
function RS =4n= (f2 + fz) were f and fy are the retained frequencies
in the north (y) and east (x) directions. | ', |

- The high- pass ‘filtered Bouguer gravity anoma]y map was compiled by
subtracting a low-pass f11tered data set (with a cut-off frequency of
0.05 cyckes/km,j; equivalent to‘a wave length of 20 kn'whfch is"the
minimum dimension of the grav1ty survey area) from the orlg1na1 trans-

formed va]ues- The f11ter factor function used for th1s operation was:
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where RR is the filter factor to be applied to the trahsformed data
and f. is the cut-off frequency of 0.05 cycles/km. This ideal respohse
was tapered with7e Hanning window between zero and one to minimize the
"Gibbs effect“;v} |
The strikeéfiltered maps, which emphasize anomalies trending in
the four .azimuthal directions: north-south, east-west, northeast-south-
west, and northwest-southeast, were produced by band- pass filtering the
transformed data with respect to d1rect1on instead of with respect to
frequency. , o
, | Since a vector in the space doma1n is orthogona1 to its counter-
part in the frequency doma1n, the str1ke-f1lter w1ndows were defined
as follows: | :
East-West Strike-Filter Azimuths 225° to 315°
North-SouthdStrike-Filter Azimuths 135° to 225°
Northeast-Southwest Strike-Filter Azimuths 90° to 180°
Northwest-Southeast Str1ke-F11ter Az1muths 0° to 90° A
 The taper_w1dthsin'e11 cases was set at 30°.  To accomp1ish this d1rec-
tiona]'band—passifiltering, adfiIter factor RR, was calculated that would
mdltip]y the transformed gravity data found within a directional "pie
slice" by one ahd_transforhed gravity data fdund anywhere'else*by‘zero.‘
Data fdund near’thevedge of any given "pie siice“ window here‘multiplied
by a cosine tapered "RR" filter factor value»betweeh zero and one, again

to minimize the Gibbs effect upon transformation back from the frequency
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domain to the space doma1n i

The Black Rock Road and Interstate Highway 15 profi]e data were
mode]ed with software modified by J. H Snow from the Talwani 2-D
software emp1oyed by the Department of Geology and Geophysics, Univer-
sity of Utah for several years. After resolving a forward model for an
initial guess,vSnow's routine conducts a one-dimensional direct linear
optimization of user specified vertex location and/orngIygon density to
minimize the sum'of the squares of the differences between the observed
anomalies and those computed from the assumed modeI.’.Step size,
tolerance, movenent sequence, direction of vertex moVement. and:poly-
gon density limtts¢are'input by the user along with tne initial model.
Further refinement'of:the model's vertices' positions was accomplished
with Snow's linear inversion routine which utilizes thevoutput from the
forward problem optimization routine, descr1bed above, as its 1nput
This inversion routine expresses the forward problem: as a Taylor ser1es
expansion that generates N equatlons in M unknowns, N is the number of
observations (stat1ons) and- M is the number of parameters to be
resolved. By 1nvert1ng th1s M by N matr1x, these N equations are so]ved.
This is only a- general description since both of the above routines will
be detailed by-Snow:(1977,‘persona] communicat1on) ina paper now in

~ preparation.




APPENDIX 6

Table of the Gravity Data
NOTES: 1) Units are as follows: u
UNITS

Latitude-memeccecemmcmnne—- m———— ’w—aa»—v-«-é«»——-dégrées, minutes
T R L T —— degrees, minutes
Elevation----f-e--— -------------------------------- feet‘

Free-air anomaly valu@-==-s=seceocmmomoommooemoen -mgal.

Simple Bouguef énbmaly vhlue] --------- - eememme——— -mgal
Terrain-correction value'=---s=seemmmmmeemmemmnemnagal
Terrain-cbrrected’Bouguer anoma1y~va1ue] ----- ——————] mgal

2) 'cbding is.asff011ows:
MLFRD--Milford gravity base station
“WB069--number desighation of gravity -

station téken by author

1 A density contrast of 2.67 gm/cc was assumed for both the Bouguer
and terrain corrections. ' Terrain corrections were made 1) from
zones B through E using U.S.C. & G.S. zone charts and -2) from
zone E through 0.4 of zone L (20 km total) using M. Kane's
computer algorithm. . ’




STATION LATITUDE LONGITUPE ELEVATION FREE-AIR SIMPLE  TERRAIN TERR=CORR

NUMBER DEG MIN DEG MIN IN FEET ANOMALY  BOUGUER CORRECTION BOUGUER
FBOO1 38, 35,01 112, 35,11 5998, ~9,05 =213.,34 1,48 -211,86
wB002 38, 34,38 112, 35,39 6047, - =9,91  =215.87 1,5 w21, 36
w800y . 33, 37,33 112,..38,20 5875, 090 =199,20 @ L47 : C =198,73
. WBOO4 . 38, 37,01 112, 37,77 5885,  meB59 =201.03 - 64 . =200,39
-WB0O05 - 38, 35,77 112, 34,86 5997, = ~u4,80 =209.06 1,29 =207,77
wB006 38, 35,76 112, 35,40 5953, - =8,92 =211.68 1.21 -210,47
wWB0O07 - 38, 36,43 112, 35,40 5942, 6,96 =209,35 1,11 ‘ -208,24
wBo08 38, 36,65 112, 35,97 = 5939, 6,43 =208.71 B84 -207,87
wWB009 38, 36,98 112, 36,38 5970, =2.,40 =205.74 72 -205,02
- WB010 38, 36,88 112, 37,42 5891, = =2,00 =202.65 .64 -202,01
wBo11 = 38. 36,79 112, 38,72 5865, 1,89 =197.87" «51 - =197,36
wBo1l2 38, 35,97 112, 39,26 5981, «89 =202.82 9 -202,33
wWB013 36, 35,59 112, 40,02 6047, 1,96 =204,00 1,10 - =202,90 -
WBO1y4 38, 34,03 112, 40,51 6172, . =14,07 =211.29 T -210,58 _
WB015  38. 32,64 112, 39,76 6417, -3.,16 =221.72 2,52 =-219,20
WB016 35. 31068 112. . 39.40 6091- 12.“3 "‘219089 091 -218098
wBoi7? - 38, 31.80 112, 38,40 - 6105, 16,58 =224,51 1,23 -223.28
w2018 38, 32,33 112, 37,14 - 6060, 17.87 =224,.28 1,482 -222,86
WB019 38, 32,84 112, 36,04 6068, 16,24 =222,91 1,61 221,30
- WB020 36, 33,19 112, 35,89 6085, 13,89 =221,14 1,89 -219,25
wBo021 38, 33,81 112, 35,62 6092, 9,90 =217,39 1,60 - =215,79
wBo22 38, 39,58 112, 34,50 5762, =105 =197.30 1,83 - =195,87
WB023. 38, 40,30 112, 34,49 ~ 5710, =1.42 =195,90 1,43 =194,47
- WB024 - 38, 40,30 112, 34,78 5688, . = =2,70 =196,43 - 1,27 - =195,16
- wWB0o25 38, 40,50 112, 35,40 5689, 1,71 =~195.47 1,79 193,68
wBo26 38, 40,30 112, 33,62 5806, 1.82 =195,93 1,90 -194,03
wB027 38, 40,28 112, 33,88 5773, 99 ~195.64 1,86 =~193,78
wB028: 38, 39,99 112, 33,65 6064, 10,24 =196.30 2,68 =193,62
wB029 38, 38,34 112, 33,92 6270, 10,86 =202.70 1,97 -200,73

]

WB030 38, 36,84 112, 34,82 6033, =06 =205,54 1,32 -204,22




STATION
NUMBER

WB031
wB0J32

- WBO33

- WB0o34
wB035

- WB036

WB037
WB038
WB039
WBOLO
WBO41
WB042
WBOL3
WBOLY
WBO45
WBOu46
. WBO4T
WBO48 -
WBO49
WB0S0
WB051
WB0S52

WB0S53
WBOSH
WB055

WB0S6
wB057
wBo0S8
wB059
WB060

LATITUCE

DEG MIN

36,
38,

38,
. 38,
.38,

38 ¢
38,
38,
38,
38,
38,
38,
38,
38,
38,
38,
38,

38."

38,
38,
38,

38,

38,

38.

38,
38,
38,
38,
38,
38,

36,08
3763

38,16
38,53
38,79

39,12
39,38
39,67
39,78
40,09
40,26
40,50
40,74
41,48
42,05
41,53
41,46
41,72
42,45
42,60
42,81

42,85
42,91
42,75

42.80
43,33
43,97
43,70
43.86

44415

LONGITUDE

DEG

112,

112,
112,
112,

112,
112,
112,
112.
i12,
112,
112,
i1z,
112,
112,
112,
112,
112,
112,
112,
112,
112,
112,
112,

“112;

112,
112,
112,
112,
112,
112,

MIN

34,60
38,31

38,37
38,45
36,48

36,46
38,48
38,66
38,82
39,22
39,42
39,66

39,682

40,00
39i22
40.93
41,52

42,26

u2,62
42,54%
42,12
41,89

41,53

43,08
43,32
40,78
40,88
41,25
40,63

“39652

ELEVATION
"IN FEET

6024,

5905,
. 5912,
5912,

5895,
5929,
5945,
5966,
5992,
6089,

6043,

6023,
5993,

5838,

5760,
5674,
5700,
5781,
5806,
5621,
5590,
5533,

5493,
5406,

5357,
5326,
5204,
5268,
5201,
5195,

67
2,96

3.57.

4,60

4,30 -

7.81

943k

11,01

11,43

14,04
i1.16
10,16
8.08
1.46
«67
-7.,83
=6.97
5.95
10,06
10,39
11,53
13.46
14,77
22,28
18,60
24,09

23,95
23.86

22,51

FREE=AIR SIMPLE
ANOMALY

-204.51

=198,16
'=197.80

«196476

~196.48

-194,14
'193;14
-192020
=392.66
-193.36
"19“.66

-194,98

“19600“
’197058
'195052
~201.09
-201.11

- =201.36

'191080
-201.51

- =200.79

-199,98
-200055

- =198,90

“204074
~200.00
=201 .34
—203-38
-201001
=199.45

TERRAIN
BOUGUER CORRECTION

TERR=CORR
BOUGUER

197,74

-197,40

-196,37 .
.'196906

"192038

-192,14

-194,21

«-196,94

=200,67
~200,75
=200,92
-3191,28

«200,01
-198,10
-199024
-200 [ 79
-202. 88
-200,43
'198096

ol

o
ny




STATION
NUMBER

wB061
wB062

- WB063- -
. WB06S - -

WB066
WB067
WB068
WB069
WB070
WBo71
WB072
WB073
WBO74
WB075
WB076
w8077
WBO78
wB079
WB080
wB081
WB082
WB083

wB08Y

wBo8s5 -
wB086
wB087
wBo8s

wBo89 . .

w8090

"LATITUDE

DEG MIN

38,

38,

- 38,
38,
38.'

38.
38,
38,
38.
38,
36,
38,
38,

- 38,

38,
38,
38,
38.
38,
38,
38,
38,
S8,
38,

38,

38,
38,
38,
38,
38,

44,39
i, 08

44,45

39,56

39,74
39,97
41,13
h2,12
39,50
J39.45
44,28
44,63
32.42
31,04

31,62

31,28
30,29

30.88 .

31,03
31,41

31.72‘

31.15

30,75 .
51i18,

31.49
32.31
32,26
43,58

43,24

43,05

LONGITUDE ELEVATION FREE~AIR SIMPLE  TERRAIN
BOUGUER CORRECTION

DEG

iz,
112,

112,
2,

112,
i1z,
112,

112,

112,

112,
112,
112,
iz,

112,

112,

112,.

iz,
112,
112,

112, .
112,
112,

112,

112,
‘112,

112,

112,

112,

MIN

38,90
37,80

34,38
33,75
34,11

39,75
42,32
36,76
35,90
36,08
35,46
36,20

36,30

38,22
39,24
39,79

40,10

40, 44
40,59

41,50

41,40
41,51

43,81

43,56
w2, 74

37,18

38,22

-38,89

IN FEET

5256,
5225,

5275,

5796,

- 5809,°

5787,
5914,
5734,

6122,

5830,

.. 5177,

5088,

6072,
6149,

6110,
6223,

6607,

6454,
614k,
6096,
6026,

6132,
6209, -

5996,
5830,
5851,
5377.
5472,
5497,

ANOMALY

16.61

21,14
14,20

90
5.37
5.67

”5080
12.89
«68

13,48

16,78

16,32

'195063
,.“199910
:-193087
=198,37
 ‘196095
' =191.73

=195.76
'201010
=195.63
=197.89

-=189,59
~-186.77
- =223.,59

~225.76
-225089
'221026

=227.89

?220052
=216,59
~215.39
=212.57

~=211.19
»‘209021
- =212,78

-209069
~208.83
~208.71
-192.20

=192.80
©=193.48

TERR=CORR

BOUGUER

«195,18
=198,67

~-193,48

-196,96

-195,10
-190,28
-194 ,99
-200,73
~196,66

-186,04
- =221,78
 -223,49

=224 .50

-220,10
~225,69
-218,06
=215,61
=214 ,56

- =210,28

-208,27
-211,67
~208,40
-207,89
=207,80
-191,604

-192,90

€ot




STATION
NUMBER

WB091
WB022

~ WB093
 WBO94
 WB095

wB096
wB097
wB098
wB099
wB100

wBi01

WBios
WB103
WB104
WB105
WB106
WB1LO7
WB108
w8109
WB110
wB111

WBl12.

WB113

WB1ll4

WB115
WB116
WB117
WB118
WB119
WB120

LATLTUDE
DEG MIN

38,

- 38,
Jbs.

38,
38,
38,

| 38.
38,

38,

38,

38,
38,
36,
38,
38,
38,

38(

38,
38,
36«
38,

38,
36,

38,
38 ¢
36,
38,
38,

38,

41.18
40,89

40,30
39,36 .

40,47
38,10
37,70
37,57
37.70

36,01
36,24
36,96
35,96
35,98
35,74
35.31
35.20
35.04
34,79
34.33

33,68 -

33.82
32,10
32,51
32,85
33,19
33,25

LONGITUDE

DEG

112,
112,

112,
41,52

112.
112,
112,
112,

112.

i1z,

312,
36,63

112,

112,

liz,

112,

112,
112,
112,
112,
112,
112|
112,

112,
112,

112,
i1z,
112,
ile,

112,
112,

iz,

MIN

41,52
ay.,%2
41,52
41,82

42,62
42,20

43,54

41,27
39,26

39,54

39,81
40,12
38,358
40,38
40,68
41,19
4y, 40
41,50
ba,12
42,22
41,70

41.50
42'05

41,98
41,58
41,38

41,30
41,09

41,356

- ELEVATION

IN FEET

5701,
- 5705,

5724,

5718(

"5774i

6026,
5698,
5783,
5749,
5855,

- 5862,

5915,
5875,
5889,
5893,
5847,
5824,
5804,
5804,
5800,

5809,

5807,

5888,

5826,
5826,
5958,
5990,
5985,

.'59795

5940,

FREE-~AIR SIMPLE

- ANOMALY

'6036

"5.56

=3.64

-e87
4e13
”3171
-2|31
'2;51
1.32

063

«03
-.46
1,20
-.95

’2.19
3,90

-6.69 ’

6453
“6.08
-5.,86

-9.10‘
’7&75
10.58~

10,05
-9.21
-8,68

-8.26
11,64

~200.53
-199c87

"=198,60
el 4T

“199022

=197.,53

’201011
'197078

”199925 i

-198032

=198.10

=199,03

"2010“4

=200.,56
~199.38
-201.67
=201.34

- =202426

204437
-204,21
-203.62
=203.71

=206+88 .
- =208429
=209.,02
=208+49

=212.14
=-212.70

-212.80

-211,90
=213.96

TERRAIN
BOUGUER CORRECTION

45
.‘suﬁ

.31

H6

.33
31
Ju2
Sah

TERR=CORR

BOUGUER

“200015

. =199,42
=-198,68

~197,22
~198,97

"=197,71

-198,59
-199.9“
“198.92

-200,84
-201,80
-203,80
-205.59

. =206,31 .
~ =207 .60
-208,40

-211,94%

=-212,13

“211021

—t

o
=3




STATION LATITUDE LONéITUDE ELEVATION FREE=AIR SIMPLE  TERRAIN TERR=CORR

NUMBER DEG MIN ' DEG MIN IN FEET. ANOMALY  BOUGUER CORRECTION BOUGUER
wB121 38, 33.45 112, 42,07 5836, 10,65 =209.43 .63 ~208,80
wB122 38, 34,65 112, 43,07 5681, = 13.98 =207.48 .64 . =-206,84
WBL23 . 38, 35,32 112, 43,60 5588, 11,08 . =201.4) 63 S =200,78
- WBl24 - 38, 37.11 112, 43,25 5621, =614 =197.59 31 0 =197,28
- 'WB125. . .38, 37.18 112, 42,67 5628, =6,67 =198.36 036 =198,00
wBi26 38, 37.41 112, 41,80 5742, =3,31 =198.89 .36 -198,53
WB127 38. 34;65 112, 36.10 60110 12Q31 -217.0“ 1.0“ “216.00
wB128 36, 34,57 112, 36,11 6013, 12,62 =217.42 1,07 =216,35
. wB129 38, 34,51 112, 36,12 6015, 13,06 =217.93 1,06 216,87
~__WB130 = 38, 34,32 112, 36,13 6020, 13,50 =~=218.54 1,21 217,33
© WB131 38. 34,23 112, 36,14 6024, 13,88 =219.06 1,21 o =m237485 -
WB132 38, 34,13 112, 36,16 6029, 14,18 =219,53 1,23 -218,30
WwB133 38, 34,05 112, 36,15 6oLl 13,46 =219,32 1,20 - =218,12
WB134 38, 33,97 112, 36,16 6053, 13,55 =219.72 1,18 -218,54
WB135 38, 33,80 112, 36,19 6060, 14,83 =221.24 1,30 -219,94 —
WB136 38, 33.88 112, 36,18 6020, 18,06 =223.,10 1,32 -221,78
WB137 38, 33,72 112, 36,21 6060, 15,16 =221.56 1,33 220,23
wB138 38, 33.63 112, 36,22 6066, 15,08 =221.69 1,32 -220,37
WB139 38, 33,56 112, 36,23 6069, 15,24 =221.95 1,32 220,63
wBl40 38, 33,49 112, 36,26 6057, 15,66 =221.96 1,38 -220,58
wB14ji 38, 33,40 112, 36,28 6044, 16,46 =222,32 1,42 . =220,90
wBl42 38, 33.31 112. 36,30 6043, 16,92  =222.Th - 1,47 - =221,27
- WB1l43 - - 38, 33,23 112, 36,91 6040, 17,05 =222.,77 1,59 -221,18
WBi4y - - 38, 33,05 112, 36,34 6042, 17.53 =223.32 1,64 -221,68
WB145 38, 33,13 112, 36,32 6042, 17.17 =222,96 1,59 221,37
wB146 36, 32,97 112, 36,36 6042, 18,02 =223.81 1,62 -222,19
wBi47 38, 32,88 112, 36,38 6042, 18,33 =224,12 1,59 -222,53
wBl48 38, 32,79 112, 36,39 6046, 17,13 =223.05 1,59 =221 ,46
WB149 38, 32,71 112, 36,42 6047, 18,28 =224,.24 1,73 222,51
wB150 38, 32,63 112, 36,43 6048, 18,16 =224,15 1,70 -222,45 g




STATION LAT1TUDE

LONGITUDE  ELEVATION FREE=AIR SIMPLE  TERRAIN TERR=CORR
NUMBER DEG MIN DEG MIN IN FEET  ANOMALY BOUGUER CORRECTION BOUGUER
wB152  38. 32,46 112, 36,45 6050, . 20,48 =226.,56 1,72 =224,82
- WB15d - 386, 32,08 112,:36,52 - 6079, 17,91 =224,96 1,79 -223,17
. WB154 - 38, 32,00 112, 36,53 6085, 17,93 =225,18 - 1,80 - =223,38
"~ WB155. - 38, 36,95 112, 36,45 5968, 2,50 =205.77 .75 . =205,02
wB156 35, 36,85 112, 36,49 5940, 4,90 =207.22 «76 -206,46
wWB1.58 38, 36,61  112. 36,49 5923, 6,93 =208.,67 071 =-207,96
WB159 = 38, 36,53 112, 36,48 5917, 7,32 =208.86 .78 -208,08
. WB160 . 3B, 36,45 112, 36,48 5920, 6,88 =208,52 77 «207.75
WB16] 38, 36.36 112, 36,48 5909, ~8,01 =209.27 .82 208,45
WB162 38, 36,28 112, 36,48 5910, ~8,29 =209,59 82 -208,77
WB163 38, 36,19 112, 36,48 5913, =8,46 =209.86 .79 209,07
WB164 . 38, 36,10 112. 36,47 5916, -8,54 =210.04 o 79 209,25 _
~ WB165 38, 36,01 112, 36,46 5922, =7.91 «~209,.61 .81 -~208,80
wWB166 38, 35,93 112, 36,44 5926, =7.83 =209.67 .87 -208,80
wB167 38, 35,85 112, 36,42 5929, 8,33 =210627 .88 -209,39
wBles 35, 35,76 112, 36,40 5928, ~9,20 =211.11 .88 ~210,23
wWB169 38, 35,60 112, 36,32 6015, ~8,07 =212.94 .88 =212,06
wWB170 36. 35.51 112, 36,30 6013, -8,43 =213.24 .82 -212,42
‘WBL71 = 38, 35,43 112, 36,28 6008, 8,85 =213.48 1,06 212,42
- WB173 ... 38, 35,26 112, 36,25 6045, =7.91  =213,80 .92 -212,88
WB1l74 38, 35,17 112, 36,25 6042, - ~8,39 =214,18 .85 -213,33
WB17S 38, 35,08 112, 36,24 6031, =8,75 =214,16 .87 -213,29
WB176 38, 35,00 112, 36,20 6040, =-8,60 =214.32 .89 213,43
wWB177 36, 34,91 112, 36,19 6020, 10,77 =215.82 1,03 -214,79
wBi178 . 38, 34,83 112, 36,16 6031, 10,85 =216.27 1,02 =215,25
wB179 38, 34,75 112, 36,13 6020, 11,32 =216.36 1,04 -215,32 _,
wB180 38, 35.67 112, 36,34 5936, 9,01 =211.19 .91 -210,28




STATION
NUMBER

 WB181
WB182
‘WB183

. wWB18Y4.
wB185

WB186
WB187
wB188
WB189
WB190
WB191
wB192
WB193
WB194
WB195
wB196
WB197
wB198

. WB199

WB200
wB201
- WBz02
WB203 -

 WB204

WB205
wB206
wB207
wB208
wB209
wB210 -

LATITUDE
DEG - MIN

36,

38,

38,
Sd 'Y
38,
38,
38,
38,

38,

38,
38,

’ 38.

38,

38,

38,
38,
38,
38,
38,
38,

.38,
38,

38,

36,

38,
38,
38,

38,

38,

34,40
37.03

37,11
37q19

39,52
39,44

39,40

39,32
39,26
39,19
39.11
39,03

38495
38.88

38,80

38,72

38,65
38,58
38,50
38.42

38,35
38.24
38,19

38,10
37,97
37.91
37.85
37.80

37,71

LONGITUDE

VEG

1120
il2,

112,
S ® V- ¥
37.26“

112,
112,
112,
112.

112,

112,
112,

112,

112,

112,

112.
112,
ila,
112,
112,
112,
112,
1120”

112,
,llaiﬁ

112,
112,
112,

112,

112,
112,

MIN

36, 46

36,48

36,51
35,56,

35,62
35,66

35,73

35,77
35,82
35,88
35,92
35,97
36,02
36,07
36,12
36,18
36,22
36,29

36,37

36,39
36,46
36,47
36,48

36,42

36,39
36,37

36,36

36,40

ELEVATION
IN FEET

6014,

5973,
5060,
5966, .

5972,
5757,
5777,
5766,

‘5804,

5812,
5841,
5846,

5864,
5888,
5918,
5960,

‘5971,
6021,

6068,

6052,

6080,

60925'

6181,
6166,
6135,

6116,

6099,

16070,

ANOMALY

13,40
'2.01

) ‘?2 .97

"1033
=-1.78
‘1.13
-.53
“.38
‘.18

92

«55
71
1,01
1.55
2.73

5.18

4,33
6,06
7.67
7.22

7.97fﬁ
8,08 -

8.58
9,98
8,89
7 .64
6.59

5,75
3e73

FREE=AIR SIMPLE

‘218.2“

=205.45

5205097

=205,09

204473
=197.86
=197.90

. =197.,60

”198006
=198.,14
“198.02

'“198.57

~198,71
-198,72
-198.99
-198,83
~197,82
-199.0“
~199,01
«199,01
_198091
=199,11

=199.41
~=199,69

=200.55
-201.13
=201.31
=201.72

«201.,98
=203.01

TERRAIN
BOUGUER CORRECTION

TERR=CORR

BOUGUER

«217,15

-205,21
=204,36

-204,06
«196,63
-196,75

" =196,41

~196,92

- =197,08

~196,90

~197,54
-197,41
-197.79
-197,60
=198,23

'=198,67

-198,88
=199,76
-200,55

- =200,98

=201,20
-202,27

LOL




STATION
NUMBER

wBz11
wB21z

wBely .
38,
38,

WB214
WB215
WB216
WB217
wB218
WB219 .
WB220
 WB221
wB222
WB223
WB224
wB225
wB226
WB227
wB228
wB229
wB230 -
wB231

WB232
wB234 .-

wB235 -
wB236
wB237
wB238
 WBz39
wB240

LATITUDE
DEG MIN

38,
S8,
38,

38,
38,
38,

- 38,

38,
38,

-~ 38,

38,

38,

38,
38‘
38,
38,
38,
38,
38,

36,

38,

348,
38,
- 38,

36,
38,

38,

38,

37,66
37,58

3705“ 
37.45.

37437
37432
39,58
39,63
39.68
39,78
39.85
39,90

39,96

40,09
40,22
40,38

40,44
40,49

34,86
34435
32,58

32,73
33.49
31.93

35,66
36407
36,67
36428

37,00
37.30

LONGITUDE = ELEVATION - FREE=AIR SIMPLE

LEG MIN

112, 36,42

112, 36,46

112...36,55
112, 36,51
112, 36,51

112, 36,50
112, 35,48
112, 35,44
112, 35,42
112, 35,36

112, 35,30

112, 35,27

112, 35,24

112. 35,18
112, 35,18
112, 35,24
112, 35,28
112, 35,32
112, 37,28
112, 38,30
112, 43,47
112, 44,18
112, 44,82

112, 43,94
112, 43,85

112, 43,92
112, 43,86

112, 44,78
112, 44,92

112, 44,93

IN FEET

6050,
6044,
6044,

.. 60134
- 5981,

5973,
5742,
5734,
"~ 5726,
5711,
5702,
5698,
5694,
5687,
5685,
5684 ,
5685,
5686,
6151,
6498,
5796,
5744,

5829,
5580,
5605,
5638,
5554,
5555,
5563,

ANOMALY

2,93
2.58

2.86

 081

"’80
-1,13
=2.10
=240
-2.58
~3.07
~3,59
-3,88
“4.09
4,13
"3.6""
-3.21
~2+63

-203.13
-203.28

=-203.00
~203.99

“20“052
=204 .57

-197.68

=197.70
=3197.60
“197.59

" =197,80

=197.96
=198.02

=-197.83

'197.27
-196.81
=196.26
~195.84
-213.88

=-214,86.

=208.70

- =207.97
.. =206 77
" =211.53

-20007“
=-200,00
~197.81

- =196.52

=193.50
=192.63

TERRAIN
BOUGUER CORRECTION

TERR=CORR

BOUGUER

202,63

202,33
‘w203,22

-203,84

-196,36

=196,26

-196,18

-196.41
-196,57
~196,24
=-194,29
-212,81
-207,83

- =205,84

=-200,19

’197051
=~193,21

goL




STATION FREE=AIR SIMPLE

LATITUDE LONGITUDE  ELEVATION TERRAIN TERR=CORR

NUMBER DEG. MIN DEG MIN IN FEET  ANOMALY - BOUGUER CORRECTION BOUGUER
wB241 38, 37,66 112, 44,95 5573, 2,26 =192,07 027 ~191,80
wp2u2 38, 37.42 112, 44,32 5589, 3,53 =~193.89 .52 - =193,37
WB243 . 38, 37.71 112, 40,38 5858, 1,31 =198.22 .65 - =197,57

- wWB244 . 35, 41,01 112, 35,19 5786, 5,17 =191.90 1,36 =190,54
wB24S . 38, 41,21 112, 35,24 5735, 4,72 =190.62 1,10 -189,52
wB2u46 36, 42,15 112, 35,55 5496, =91 =188.,10 1,00 -187,10
wB247 38, 43,76 112, 35,34 5136, 13,49 «188.42 .84 187,58

.. WB248 38, 44,46 112, 34,77 5032, 13,44 =184,83 .88 =183,95
WB249 38, 44,73 112, 34,46 5029, 12,06 =183,35 .80 -182,55
_WB250 38, 43,78 112, 36,70 5282, 12,40 =192,31 1,08 -191,23
WB251 38, 42,57 112, 37,60 5750, 1,72 =194,12 1,63 -192,49
‘WB252 38, 41.63 112, 37,62 6000, 6,34 ~198,02 77 -197,.25
wB253 38, 40,80 112, 37,74 6064, 14,03 =192.51 .60 -191,91
wB254 36, 40,83 112, 37,38 6080, 14,23 =192.86 1,04 =-191,82
WB255 38, 40,78 112, 36,78 6040, 14,38 =191.34 1,21 ~190,13
WB256  38. 40,53 112, 36,42 6062, 13,84  =192,63 o73 -191,90
wWB257 38, 40,36 112, 38,24 6049, 14,03 =192,00 .67 -191,33
wB258 36, 40,14 112, 38,51 6012, 11.98 «192,79 LU0 ~192,39
WB259 38, 44,11 112, 38,38 5320, 14,04 =195,24 52 -194,72
wWB260 38, 42,00 112, 41,42 5596, 0,83 =200.43 1,56 -198,87
wB261 38, 40,39 112, 40.84 6217, 22,79 =188.96 .91 -188,05 - -
wBz62 38, 39,91 112, 40,30 5952, 8,63  =194,09 ° 37 -193,72
WB26y .. - 38, 38,74 .112, 41,94 5740, 2,24 =197,74 ,30 -197,44

. WB265:.  ~ 38, 38,28 112, 42,66 5696, m2,78  =196,79 .30 «196,49
wB266 38, 38,15 112, 39,93 5893, 3,97 =196.75 .38 196,37
wB267 38, 38,58 112, 39,26 5942, 7.03 =195,36 L2 194,94
WB268 38, 33.31 112, 39,52 6290, 2,00 =216.20 .61 -215,63
wBz269 38, 33,62 112,. 39,80 6253, «2,09 =215,06 .62 =214 4
wB270 . 38, 34,35 112, 40,22 6100, 2,27 =210.03 .63  =209,40 _,
wWB271 38, 34,47 112, 40,04 6115, =2,28 =210.56 .69 =-209,87 3




STATION

NUMBER

wB272

wB273

WB274
WB275

WB276

wB277

wB278
wB279

w260

WB281
WB282
WB283

WB2uby

wBz285
WB286
wB287
wB288
wB289
wB290
wB29,
wB292
wB293

wWBze94

WB295

WB296

wB297
WB298
wB299
wB300

- WB301

LATTUDE

DEG

38.
38,

38,
36,
. 38,

38,
38,
38,
34,
38,
38
38,
38,
384
38,
38,
38,
38,
384
38,
38,
38,
38.
38,
38,
38,
38,
38,
38,
38,

MIN

34,75
34,97

35,26
35,75

41,88
37.968
41,18
42,86
“2.60
44,65
44,65
44,66
q'qgas

44,28

44 24
44,66
44,25
44,66
44,88
43,20
42,44
42,78
43,31
42,48
41,97
41,49
41,63
42,18
40,88

39,43 -

LONGITUDE

DEG

112,
112,

112,

112,

- 3124

112,
112,
112,
112,
112,

3124

112,

112,

i1z,
112,
112,
112,
ii2,
ll2,
112,
11z,

112,
51121
'1120

112,
112,
112,
112,
112,
112,

MIN

39,82

840,13
40,06

'39,80 -

39,54
39,12
40,67
38,92
39,22
36,98
© 36,46
35,88
36,79
37.05
40,66
40,33
41,14
41,54
40,93
41.61
43,42
43,93
4y 40
44,51
4y, 42
43.75
43,15
42,80
42.38
42,18

ELEVATION
IN FEET

63101,
5921,

5973,

5809,
5848,
5750,
5517,

5600,

5214,

5170,
5148,
- 5172,

5250,
5190,
5149,
5200,
5165,
5248,
5440,
5720,

5771,
5696,
5857,

5950,

59490"

5914,

5714,
- 5930,

5840,

~1,66
11,10

=-1.62 "
L 11

1.08
-3.16
5,35
2,97

- 15,22

15,27
13,90

15,77

13.99
23,93
25,54
24,66
26,56
22.24
20,71
-4.51
=6413

. =776
~e30

3.81

2.36

"3u

'7021-
=1,90

2413

FREE=AIR SIMPLE
ANOMALY

~209.46
L =212477
f—205006
=202429

'196-77
-197.21
=199,00
=193.26
=193.,70

"192081
=191.,36
.=189,24.

~191.93
-192.80
-200,70
-200.91
=201.77
-ZOZQ“B
‘200099
=206.,00
=199,33
=202.69

«201.76

‘199079
-~198,84
‘200026
“201&77
-201.83

-203.87

=196.,78

- TERRAIN
BOUGUER - CORRECTION

«60

o170

58

TERR=CORR

BOUGUER

=196,19
-196,79
-198,26
=-192,62
-192,93
«190,85

- =191,46

-192,37
-201,39
-202,10
=205,40
-202,18
~201,26
=199,21
-198,21

-203,43
-196,40

oLL




STATION
NUMBER

WB302
- WB303
~ WB304
 WB305.

wB30e

WwB307
wBa08
wB309
. WB310
WB3l11

~ WB312

w8313
WB31l4
wB315
wWB31l6
wB317
w318
wB319
w8320
wB321.
wBa22 -
- WB323

WB324

- WB32s
WB326
wWBd27
w328
wBa29
- WB330.
WB331

LATiITUDE
DEG MIN

38, 39,71
38, 39,96

.38, 39,88
‘380 390267
368, 38,86
38, 38,60

38, 38,30
38, 37,97
36, 37.60
38, 39,50

- 38, 38.41

d6, 38,39
38, 39,00
38, 38,00

38, 39,10

38, 38433
384 40,31

38, 42,34
38, 43,40

38, 44,64

38, 43,59

38, 44,51
38, 23.10

38, 24,10
38, 24,88

38, 25,16

38, 26.67

38, 27.28

38, 28,72

A112ir

112,

LONGI
DEG

112,
i1z,

112,
112,
iiz,
112,

112,

112,
112,
112,
112,
112,
i1z,
112,
112,

‘112,

112,

112,

1124
112,

112,
iie,
112,
112,
112,

TUDE
MIN

42,55
43,05

43,54
43,62

43,77
43,92
43,94
43,90
43,95
44,11

43,47

43,10

43,08 -

43,19
by 58
4y 89
““i96
35,18
33,92
32,47
31,52
33,48

:32.55
42,86

43,42
43,96
44,08

by 28
by 32
'4“!72

IN FEET

5867,
5966,

5960,
5833, -

5756,
5723,
5677,
5615,
5926,

5717,

5694,
5783,
5660,
5705,
5715,
5617,
5685,

5537,

5503,
5423,

- 5195, -
S241, -
6313,

6322,
6uLh,
6518,

- .6822,

6902,

_72265-

1.23

3,58

4,455

»-;28v:

—.6“
25
«06

'.77

'2.85

2.40

=1.86"
-3.02
- =1,81.

-3e37
—.97
=1,30

"1!61

=3.,65
1.81
1,53
6,63
‘8023

2,91
=1.64
4,30
T7.53
16,91

- 19,90

34,33

ELEVATION  FREE-AIR SIMPLE
ANOMALY

‘198060

=199.63
- =198445
~198.95

-197.27
9195.80
-194,86
=194,13
=194.10
=-199,44

=196458

~196.95
-198,78
~196.15

=195.28

~195,95
=~192,93
“197028
-186078
‘185091
-178008

=185.17
-181,+38
" w217.93

=216.97
-215.18
=214.47
=215.,45
'215018
-211.78

LE  TERRAIN
BOUGUER CORRECTION

A5

80

067

.50

o1
LUl
.40
52
44

25

50
48
ok

>

.38
.32
1,52
2,26
2,76

TERR=CORR

BOUGUER

~199,24

=198,05
-198,28
-196,77
“'19“ ® “2
-193.58
“196027

-196,65

-198030

-195081,

-195057

“192061 .

=184 ,52
'183015

=176,54.
- =183,48
- =180,04
- =217,11

-213,90

-213,86

Lt




STATION
NUMBER

wWB332
. WB333
WB334

, f.wB335[;
- AB336

wB337
. WB338
WB339
. WB340
wB341

. WB342

wB343
WB3Uy

WwBaus

wB346
wB347

wB348

wB349
WB350
wB351
wB352

. WB353.

WB354
WB355
WB356
WB357
WB358
. WB359
. WB360 .
WB361 .

LATITUDE

DEG

38,
38,
38,

. 38.

38,
38,
38,
38,
38,
38,

38,

38,
38,
38,
38,

.38,

38,
b4
38,

-1

38,
38,

.98,
- 1- 1

36,
1o
38,
38,

38y

38,

MIN

28,82
28,32

28.60 -

23,13

24,58
25.14
26,32
25,86
23,26
25,09
23,98
25.82
25,65
23,82
25,42
25,79

29,10

24,54
26,34
27.09
29,81

27.23

29,62
29,36
29,34
27.64
28,27

28,96
28,07

LONGI
DEG

112,
112,
112,

21312,

112,
112,
112,
112,

112,

112, .

112,
112,
112,
112,
112,
112, .
112,
112,
112,
112,

112, -
112,

112,
112,
112,
1lz,
112,
i1z,
112,

TUDE
MIN

42,92
41 .88
41,66

43,88

41,98
42,62
42,80
43,07
43,00
42,17
42,05
42,17

42,29

41,48
44,56
44,76
by, 38

43,92

41,75
42,15
42,44

42,13
41,70
41,65

42,20
43,01
41,18

40,12
39,35

39,62

ELEVATION
IN FEET

7024,
73148,

7235,
- 6084,

6159,
6680,
6805,
7010,
6951,
6383,

7470,

6711,
7344,
7153,
6320,
ook ok
6649,
7099,
7061,
7240,
7320,

7384,
"729205
6784,
T304,

7074,
6956,

7418,
7478,
7396,

ANOMALY

25,54

28,80
30486

'6.82
10,64

9,44
15,69
21,52

-.63
25,24

9.10
22,30

5:97
11.88
11,73
27.9“‘
18,38
27,98
31.80

28,77

17,11
31,40
2747
22,31
29,93

23,00
26613

FREE-AIR SIMPLE

213,69

-214066>
=215.56
- =234405

=220.41
-218.08
=216.09
~217.24

-216.79

-218.0“

-=218.97

=219.47

.=218453

-221.34
=209,28
~213.,83
214,74
=-213.86
-222.11
‘218062
=217.52

«220.90

f219060
=213.95

- =217.38

=-213.47
-214.61

=222,72
=231470
~225,78

TERRAIN
BOUGUER CORRECTION

-1t
92
- 1,08

1,21
4,09
1,27
2,30
2,46
2,29

.92
2,52

1.71 :

2,72
2,25
1,89
1,41
1,35
1,34
2,72
1,68
1,72
3,44

1,82

1,76
5,23
1,80

097
2,11

4,43

1,87

TERR=CORR

BOUGUER

-212,75
"216 [ 32
-216.81
=213,79
-214,78
-217,12

=216,45

~217,76
=219,09

-219Q39 4

-216.9“

217,46

-218,18
'212. 19
-213.64
-220,61

2Ll




STATION
NUMBER

wB362
wWB363

WB364 .

WB365 - .
WB366
wWB367
WB368
wB369
WB370
WB371
wWB372
WB373
- WB3T4
WB375
wB376
MILFR
- WB377
WB378 -
w8379
w8380
wB381
‘WB38e
- WB383.
wWBa8y
- WB38BS
WB386
wB387
wWBJ88
WB389 -
wWB390

LAT1TUDE

DEG

38,
S8,

38,
3B,
38,

38 4
38,
36,
38,
38,
38,
38,
38.
384
38,
38.
38.
38.
386,
38,
38,
38,
38,

. 38,

38,
38,
38.
36.
38,
38,

MIN -

22,18
23,05

23,83
24 46
24,86

25,50
25,91
26.60
26,43

27,48
27,04

28,88
27,04
36,08
36,23
23,70
36,49

36,68

37.26
37.51

37088'
38,03

38,13
38,30

38,70
35,95
36,51
36,88
37,09

37.27

LONGITUDE  ELEVATION
IN FEET

DEG MIN

112. uo .98
112, 40,35

112, 40,00

112, 40,12

112, 40,14

112, 39,35
112.'40,14
112, 40,44
112, 41,21
112, 39,50
112, 39,52

112, 41,18

112, 40,84
112, 34,87
112, 34,64

113, 60

112, 34,72
112, 34,78
112, 34,80
112, 34,68

112, 34,36
112, 34,03

112, 33,56
112, 34,09
112, 33,79
112, 34,12
112, 33,27

412, 33,42

112, 33.56
112, 32,48

LRl
6077,

6136,
- 6258,

6358,
6235,
6412,
6808,

- 7238,

7888,

7394,

7665,
7003,

- 5998,

6007,
4957,
6016,
6025,
6014,
6080,
6154,
6248,

6379,
- 6318,

6163,
6088,
6250,
6367,
6411,
6560,

FREE=AIR SIMPLE

ANOMALY

19.18

S 14,40
12,04

- =5,90
=2 .69

10,69
«89
14,29

28,49

30,59
22,96

22428
=4 ,09
“1005
32.58
-1,46

-.94
1,65
4,42
6.54

10,74
16,50 -
'11035;

794
3,27

8,79

14,36
15,58
20,25

=223.30

-221.38

-221,04
-219.04
=-219.24
=223.06
~217.50
-217.59

=218.03

-238.08
“228088
~222.64
'216-2“
-208438
205,65

" =201.42

~206.37
=206.16
~203,18
=202.66
=203.06

" =202.07

=200,77
-203.84
«201.97
=204.,09
~204,09
-202050
-202.,78

. =203.18

TERRAIN
BOUGUER CORRECTION

4,83
.88
1,01
.97
1,08
1,14
1,52
1,51
3,64
9,95
4,79
8,64
1,60
1,12
1,47
.00
1,48
1,28
1,56
1,76
1,92
1,92
3,44
1,77
1,94
1,55
1,58
1,51
1,73
2,13

TERR=CORR

BOUGUER

-218,47

=220,50

~220,03
~218,07
-218,16
-216,08
-228,13
~22l409

w21l 64
-207,26

-204,18
-204,89
-20“.88
"201.62
-201,14
-200,15

- «197,33

-202,07
-202,51
-201,05

gLl




STATION
NUMBER

wB391
wB392

. WB393 -
- WB394.
WB395 -

WB396
wB397
WB398
wB399
WB400
wB4O1
wB402
wB403
wB404
WB405
WB406
wB407
wB408
WB409
WB410
wB41l)

WB412
";381
. 38,

WBu13
WB414
WB415
WBu416
WB417
WB418
WB419
WB420

LATLTUDE

DEG MIN .

 LONGITUDE  ELEVATION. FREE~AIR SIMPLE  TERRAIN

38,
3b,

38'

36,
38,
38,
38,

38.

38,

38,

38,

38

38,

38,

38,
38,
38,
38,
38.
3b .
38,

366
38,
38,

’ 38.

38,

© 38,

37.05

36,76

36,465

36,80
37.12
36,20
36,18
36,16
36413

36410

36,13
36,16
36,20

36,23
36,23

36,24

36,25

34413
33,92
34,17
34,55
34,74

3515

35,55
35,83
3375

31,74
'30008

30,00

30,44

112,

~228465

TERR~CORR
DEG  MIN IN FEET . ANOMALY BOUGUER CORRECTION ROUGUER
112, 32,66 6433, 15,33 ~203.78 1,77 202,01
112, 32,87 6353, 10,95 =~205.43 1,59 -203,84
- 112,:.33,08 - 6299, 10,80 =203.74 1,53 202,21
~112. 32,60 - 6404, 12,36 =205.76 1,69 204,07
112, 32,40 6522, 18,48 =203.66 2,04 - 201,62
112, 33.28 6275, 9,24 =204.48 2,47 «202,01
112, 31,05 6592, 16,30 ~208.22 2,25 =205,97
112, 31,14 6571, 15,80 =~208.01 2,27 «205,74
112, 31,30 6535, 15,34 «207.24 2,32 -204,92
112, 31,41 6510, 14,49 =207.24 2,50 -204,74
112, 31,78 6465, . 15,10 =205.10 2,45 202,65
112, 31.88 6453, 15,16 =~204.62 2,15 202,47
112, 32,00 6426, 15,23 =203.64 2,12 201,52
112, 32,27 6387, 14,43 =203.11 2,07 -201,04 ..
112, 32,33 6360, 12,89 =203,74 2,12 -201,62
112, 32,52 6350, 13,76 =202.52 1,94 -200,58
112, 32,80 6286, 10,78 =203.32 1,89 201,43
112, 34,92 6186, -3,14 =213.84 1,86 -211,98
112, 34,57 6338, 4,10 =211.77 2,07 ~209,70
112, 34,30 = 6409, 6477 =211.52 2,55 -208,97
112, 34,25 6326, 4,73 =210.74 2,11 ~208,63
112, 34,06 6334, - 5.99  =209,75 2,80 " =206,95
112, 34,04 6269, 4,94  =208.,59 2,04 - =206,55
112, 33,89 6191, U436 =206451 2,22 «204,29
112, 33,62 6249, 7.08 =205.76 2,56 =203,20
112, 35,20 6136, =7.,07 =216.07 1,95 -214,12
112, 36,27 6114, 18,02 =226.26 1,88 =224 ,38
112, 36,60 6258, 15,77 =228.92 = 2,02 226,90
‘112, 36,99 6230, 16,59 =228,79 1,84 -226,95
37,90 6224, 16,66 1,66 -226,99

pLL




STATION
NUMBER

wBu21
WB422 -

. WB&Z23

. wB424
“WB&H25
wBu26
. WB&427
WB428
wB429
WB430.
wWB43}
WB4d2
WBLI3
wWB434
WB435
WB436 -
WB437
WB438
wWB439
wWB4u4Q
wWBau]
wByuz
WB443

wB44y -

wBu4s
WBh4o
wB447
WB4hg
wBu49
wB4S0

LATITUDE

DEG

38,
38,
38,

38,
38,
38,

LN

38,
38
38,
36,
38,
38,
38,
38,
38,
38,
38,
38,
A6,

) 38.
.38,
38,

38,
38,
36,

- 38,
Jb,

38,

MIN

30,97

31,62
36,20

36,01

35,88

35.67
35,26
33.65

33,69

33,50
32,99
32,64
32,10
31.61

31.16 -
30,64

30,16
306,22
30,46
30455

34,85

35,08

35.17

35,30
35.41
35,49

35.57 .
35.66
35,77

LONGITUDE ELEVATION FREE~AIR SIMPLE TERRAIN . TERR=CORR
DEG MIN IN FEET ANOMALY  BOUGUER CORRECTION BOUGUER
112, 37,40 6138, 18,66 =227.72 1,38 ~226, 34
112, 37,11 6089, . 19,05 =226.44 1,45 =224 ,99
112, 35,92 6063, =5,80 =~212,31 1,61 ~210,90
112, 30,65 6717, 19,17 =209.61 2,14 - =207,47
112,°30,50 6816, = 21.23 =210.92 2,80  =208,12
112, 30,53 6856, 21,65 =211.87 3,00  =208,87
112, 31,68 6633, 17,88 =208.04 3,02 -205,02
112, 31,85 6843, 20,71 =212.37 3.90 -208,47
112, 34,78 6190, 4,18 =215.01 2,43 -212,58
112, 34,12 . 6500, , T7.67 =213.72 2,61 =211,11
112, 33,83 6646, 11,94  =214,43 3,37 ~211,06
112, 33,92 6735, 12,94  =216445 3,63 -212,82
112, 34,00 6838, 15,93 =216.97 3,74 -213,.23
112, 33,97 7321, 29,49 =~219.87 5,63 214,24
112, 33,93 7232, 23,97 =222.35 4,59 -217,76
112, 34,04 7219, . 24,82  =221,06 3,02 ~218,04
112, 34,16 7670, 32,70 =228.,54 9,41 ~219,13 ..
112, 34,29 6838, 10,53 =222.,37 5,26 ~217,11
112, 34,95 6638, 1,64 =224.45 3,89 -220,56
112, 35,93 6358, 7,42 =223.97 3,36 -220,61
112, 36,40 6233, 14,43 =226.73 2,11 ~224,62
112,.35,99 ° 6005, 11,53 =216.06 = 1,26 ~214,80
112, -35,48 5990, 10,84 '=214,86 1,16 =213,70
112, 35,26 5983, 10,15 =213.93 1,61 ~212,52
112, 34,92 5981, 8,64 =212,35 1,58 -210,77
112, 34,72 6004, 5,89 =210.39 1,65 ~208,74
112, 3“.56 60580 ‘066 =207.01 1.65 *205036
112, 34,36 6080, 84  =206425 1,59 ~204,66
112, 34,18 6103, 1.88 =~205.99 1,63 -204,36
112, 33,9  e121. 3.19 =205.29 1,83 ~203.46

g1l




STATION
NUMBER

wBu4S5]
w452

. WB4S53.
WBu54

WB455
wWB456
wB457
WBu58
WB459 -

‘WB460

wBa461
wB462
WB463
WB4 64
WB465
WB466
WB467
WB468
wB469
wB470

wB471
w472

wB473

WBL4T7Y

WB475
WB476
WB477

- WB478 -

wB479
wB480

LATITUDE
DEG MIN

38,

. 38,

3.

‘35'
| 350

38,
38,

38,

38,
38,
38,
38,

36,

38,
36,
38'
38,
36,

38,

a8,
36,
384

> 380
38,
38,

38,
38,
38,
38,
38,

35,88

39,39
40,50

40,68
40,39
42,23
40.61

40,67
40,85
41,00
41,08
41,25
41,41
41,60
41.75
41,94
“2(10
42,27
42,45

42.61

42,79

42,96
43,21
43,38

43,52
43,68
43.84
44,00

44,18

LONGITUDE  ELEVATION

DEG

i12,

112,
112,
v112af
112,

112,
112,
ile,
i1z,

112,

112,
1lz,
112,
112,
112,
112,

112,

112,
112,
iia2,
112,

112,

112§

112,

i12.
112,
i1z,

112,

112,

”112{_

MIN

33,71
33,28

32099
32,16

31,32

34,40

34,70

35,48

35,52

35,68

35,82
35,94
36,01

35,97

35,97
36,01
36,06

35,98

35.98
35.92
35,92

35,88
35,86
35,77

35,70
35,60
35.50
35,42
35,30
35.07

IN FEET

6143,
6089,
5918,
6040,
6200,
5749,
5520,
-85703,
5709,
5727,

"5728n

5731,
5689,
5656,
5619,
5592,
5518,
5509,
5437,
S449,
5360,
5385, :
5357,
5236,
5271,
5241,
5200,
5151,
5075,

FREE=AIR SIMPLE

4,72
8,69

6.70

11.12
12.88
7.26
- 40
. we05
" «99
C2.h44
3.49
4,02
2,35
1,17
01
-.36

-4,93

~3.09
~7,66
-4.90
10,85

-7.35
-8'. . 57 .

"9073
15,46
11,90
12,93
13,87
13,29

=204.51

-198,.,70
 -19“987
- =194,60

‘198030

-=188,55

-188.41
=194,30
=194405
=192.62

=191.61

-191.18
=191.42
-191,48
-191.38
=190.82
~192.87
«190.73
=192.84
'1900“9
-193.41

=190.77

=191.03

=196.,93

~193,80
=190.50
~190.41
=190.05
~189,32

=186415

CTERRAIN
ANOMALY ~ BOUGUER CORRECTION

1,97

2,67

2062  -
3.84

4,66
1,75
1,63
1,89
1,43
1,09

1,64

1,69
2,16
2,15
2,47
1,73
1,53
1,041
1,40
1,15

1,11

.90
.97
.80
79
.78

‘82

.78

TERR=CORR

BOUGUER

-196,03
~192,25

=190,76 -

=193,64
-186,78
-192,41
-192.62
-~191,53

‘°189099

-189,54
-189,31
-189.79
“189022
-188,67
~190,40
-189,00
"191 » 31
‘—'189. 08
~189,62
"'189. 92
-190,03
-192,83
-189,70
-189,27

'185¢37

9Ll




~ STATION
NUMBER

WB481
wBu b2
WB483

WB4B4 -
 WB48S |

wB486
WB487
wWB4 88
- WB489
WB49Q.
WB491
‘WB492
WB493 .
wWB49Y4
wB495
WB4 96
WB497
wB496
wWB499
wB500
WBb0}
w502
WB503
wWB504
WB505
wB50e6
wWB507
wB508
w509
WB510

LATITUDE

DEG

38,
38,
36 ¢
38,
38,
36,
36,
38,
38,
36
38,

- 38,

38,
38,
38,
38,
38,
38,
384
38,
38,

38,

38,

o 8,
38,

38,
38,
38,

38,

MIN

QQQ35'

b2.,47

36,83
38,05

31,92
35,13
41,56
“2.71
30.40
30,23
31,12
31,40
31,86

32.24

33,58
33,28
32,57
32.60
34,10
3443
34,69
34,71
35.12
35.18
34,25
34435

33,10

33,61
34,08
34,46

LONGITUDE ELEVATION FREE=AIR SIMPLE TERRAIN TERR=CORR
DEG MIN IN FEET ANOMALY  BOUGUER - CORRECTION BOUGUER
112, 34 864 5112, 13,99 =188.10 .78 =187,32
112, 32,79 6401, 26,45 «~191.57 . 8,64 -182,93
112, 31,76 7015, = 31,03 -207.90 4,70 : -203,20
112, 32,48 7487, 48,49 =206.51 = 8,92 . =197,59
112, 33,68 7189, 25,30 =219,56 4,80 214,76
112, 32,58 7679, 38,06 =223.49 11,43 212,06
112, 31,14 6710, 32,44 =196.10 4,21 =191,89
112, 31,73 6288, 25,41 =188.76 4,76 - =184,00
112, 46,00 6855, 28,35 =205.13 2,10 =-203,03

112, 46,05 6813, 26,51 =205.54 1,51 -204,03
1120,“5.51. 6242, ‘ 6«51 =206.10 ' 1,80 -204 .30
112, 45,40 . 6282, 8,10 =205.87 1,57 -204,30
112, 45,47 . 6153, 5,93 =203.64 1,54 , ~-202,10
112, 45,52 6028, W13 =205.19 1,52 -203,67.
112, 46,31 5785, - 07 =197,.11 1,49 ~=195,62
112, 46,12 5865, .86 =198,90 1,41 -197,49
112, 45,76 5970, ' JU =202.89 1,59 . -201,30
112, 45,31 5873, ~5,97 =206.00 1,26 204,74
112, 46,69 5738, 2.18 =~193.26 1,37 -191,89
112, 46,74 5677, ¢57 =192.79 1,18 -191,61
112, 46,78 5630, =80 =192,56 1,11 =~191,45
112, 46,40 5605, ~3,61 =194,.51 .89 193,62
112, 45,92 5610, ~6,61  =197.69 .59 =197,10
112, 45,18 5773, -2,58 ~199.21 T4 198,47
112, 45,20 5675, ~8,48 =201.77 W73 -201,04
112, 46,15 5627, 4,35 =196.01 .91 -195,10
112, 47,46 6825, 36,97 =195.49 .68 «194,81
112, 46,90 5995, 13,16 =191.03 2,76 ~188,27
112, 48,04 6610, 3,91  =190.23 6,34 -183,89

112, 47,60 5912, 14,75 =186.61 2,09 : ~184,52

LIl -




STATION
NUMBER

WB511
WB512
WB513
WBS14-

 wB515

wB51le
wB517
wB518
wWB519
wB520
wB521
wBS22
wWB523.
wWB524
wBb52%5
wB526
wB527
wB528 . .
wBS29
wB530
wB531
wB532
- WBS33
wB534
WB535
wB536
WB537
w538
w8539
wBS40

LATITUDE
De6  MIN

38,
38,

36,
-1- 7%
38 [

38,
38,

38,

38,
38,
38,
38,

38,

LT
LT

38 *

38,

38,
38,

3o,

38.

38,

.- .38,

38,

36,

38,
38,
38,

38,

38.

35,74

35,52

37.78

38400 -

38.18
38,50
38430
38,64
38,68
38.24

37;80'

37.06

36,49

35,81
35,20
35.19
38465

368,16

38,58

38,60

39.01
39,38

39,83
41,70
41,98

41,38
41,00

40,44
41,91

h1,92

LONGITUDE
DEG MIN

112, 45,25

112, 45,48

112, 45,20
112, 45,78
'112.¥“6‘35

112, 47,41
112, 46,80

112, 47,92

112, 48,31
112, 48,30

112, 46,30

112, 48,08
112, 47,82
112, 47,40
112, 47,15
112, 48,351
112, 49,81
112¢*“9{64
112, 49,29
112, 48,78
112, 47,54

112, 47,22
,1125'47.12
112, 47,12

112, 47,32
112, 47,36
112, 47,50
112, 47,37

112, 47,81

112, 48,50

ELEVATION
IN FEET

5569,
5590,

5555,
5515,

5486,
5409,
5458,

- 5398,

5382,
5390,
5409,
5447,
5468,
5511,
5585,
6125,

5383,
5632,
5385,

. 5368,
5429,

5421.1x
5430, .
5402, -

5322,
5331,
5350,
5389,
5274,
5251,

FREE-AIR SIMPLE

ANOMALY

-8,02

=197.70

~197.80
- =191.0°
‘?190037

-190.84
~190.43
-191.12
-189,59

-188.56

-186.68
‘183.66

- =182.12

“18“087
-188-65
‘19000“

=-187.91
"’182012

=178.93
-183.30
-186.10
~190.93

;=192412

=194,18

. =198,83

‘197013
'198.8“
=108,76

- =197.61

=197.15
=196.20

TERRAIN
BOUGUER CORRECTION

TERR=CORR

BOUGUER

-197,21 |

“197.31"

-190,77
~190,00
-190,52
-190,80
-189,30

-188,24

'186921
-182,96
0181.12
-183,82

-187,60 ---

’188.96
’182.85

=-181,60

’176.83
~182,80
’190Q65
«191,84
'193.88
-198,21
196,88
-198,53
-198§“6
-196,92
'196001

—
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STATION
NUMBER

WB541
WB542
WB543

WBSh4Yy

wB546
wB547
wB548
wB549
wB550
Wwes51
w8552 -
WB553
wB554
wB555
WB556
wWB557
wB558
wB559
NB560
WB561
wB562
wWB563
wBs64
wB565
WB566
wBS567
wB568
wB569
wB570

LATITUDE

DEG

38,

. 38
‘.: 36.

-8,
38,
38,

38,

38,

38,

38,
38,
3.
38,
38,
38,
38,
38,
38,
38,
38,

38,

1.

. 38,

38. A
38,
38,
38,
38,
38,

MIN

41,95
41,68

41,28

40,70

40018'

39,56
39,10
40,05
42,30
b2,77
43,38

44,00

44,45
4,76
44,10
44,06
by, 34
42,08
42,29
42,44
42,48

42,04
41,66

40,56
39,60
39,13
38,65
39,28
39,49

40992#

112,
112,

LONGITUDE = ELEVATION
"IN FEET

DEG

112,
112,
112,

132,

112,
112,
112,
liz,
i1z,
112,
ilz,
112,
112,
i1z,
112,
112,

112,

112,
112,
112,
112,

12,

112,
112,
112,
112,
112,

MIN

49,08
49,38
50,10

49,23 -

49,10
49,14
49,10
4o 42
48,68
48,25

47,88

47,50
47,22
47,01
46,70
45,78
45,06
50,98
50,94
51,65

51,08
51,00

51,52
51,39
51,32
52,18

52,28

112, 52,25

5248,

5243,
5221,
5277,

5326,
|342,
5364,
5335,
5253,
5227,
5168,
5218,

5144,

5309,
5380,

‘5622,

5325,
5397,

- 5u02,

5303,
5342,
5176,
5158,
5128,
5110,
5144,
5063,
5078,
5090,

14,80

14,34
131,83
.1“.6“K

11,73
'8036
‘5.10
=9,50
15,31
14,35

- 16493

19,49

17.17

19,97
16,76

16,97

12,59
”3019

«03
1,06

-y b2

-1.,08
“7.81
=739
10,67
-9,61
10,31
-8,84

=5.,90 -

FREE=AIR SIMPLE
ANOMALY

=193455
~192.91

=189,65
=194,37 )

“19301“
’190031

--187980

=191,.21

=194.23

=192.,38

-=1924,95

=194,86
“19“:90
-195.17
~197.59
-200.21

- =204,07
~191,30

-187.02
-183,97
=179.56
“183-37
=17737

~183.49

=182.05

1-184072

~184,81
-182.76
~181.80
=179.26

021

TERRAIN
BOUGUER CORRECTION

19

17
.18
18
24
.28

TERR=CORR

BOUGUER

~-192,72

‘189.48[

-194,19

-192,96
-190,07
=-187,52
~191,02
=194, 04
'192015
-192,68
~194,61
=104,54

nlgq ® 50 N

-195,91
’199.42
=191,08
-186,76
~183,65
-179,31

- ~183,09
~177,20
-183,27

-181,.83

-lau.“2~

Flazt“7
~181,58
-179,06

-—t
(o]




STATION
NUMBER

WB571
wB572
wB573

WBS574 -

WB575
WB576
WB577
WB578
WB579
WB580
WBS8}

wB582

WB583
WB584
WB585
WB586
WB587
WB588
WB589
WB590
WB591
WB592
WB593
WB594
WB595
WB596
WB597
WB598
WB599
WB600

LATITUDE
DEG MIN.

38,
36,

38,

36,

118

386,
38,
38,
38,
38,
38,
36,
38,

36,

38,
38.
38,
38.
38,
39.
38.
3&.
36,
38,

Sbe

38,
38,
38,
38,
38.

40,41
40,84

41,34 .

2,08
42,99
43,28
43,54
43,75
43,36
42,55

42,03
40,34

39,95
#0.,65
39,41
38,71
37110
36,94
36,45
36,28
36,00
35,60
35,41

34,88

44,60
44,84
44,01
43,56

43,06
40,90

LONG I TUDE

DEG

112,

112,

112,
112,

112,
112,

i12,
i1z,
112,
112,
112,
112,
112,
112,
iz,
i1z,
112,
112,
112,
112,

112,

112,

1124

112,
i1z,
112,
112,
112,

112,

MIN

52,08
52,18
52,12

52,13
'51.6“

52,09
52,12
52,32

46,38

46,49

45,26

45,41
45,36
“5.51
45,34
45,87

49,62

49,59
49,25
49,20
49,18

48,92
48,87
48,72
49,49

48,89
49,46
49,33

48,80
50,66

ELEVATION
IN FEET

5107,
5121,

5140,
5225,
5435,

5306,
5325,
5299,
5227,
5408,

5873,

5993,
6102,
6048,
5741,
8572,
7110,
7123,
7230,
7100,
6990,
6550,
6655,

7175,

5283,
5203,
5593,
5472,
5212,
5261,

-3 .84
'3003

- 487
5,65
2,79
ho10
4,20

22616

15,41

65
6,81
8,39
8,04

61

2,74

49,40

50,63

51.29

49,01

48,84

42,09

49,26
-8,06
12,22

- =1,25

”4092

17,99

6,97

FREE=~AIR SIMPLE
ANOMALY

«177.78
'1770“5
“176.78

~=177.09

=179.46
=177.93
17727
~176.29
-200,19
‘199061
-199,39
=197.31
"1990“4
~197.,96
-194,93
=192,52
=192,77
-191,98
-19“097
~192.82
~189.24
=181.40
‘18“.58
-195.12
-188,00
-189,.44
=191.75

’-191.50

‘195051

- =1864.16

TERRAIN
BOUGUER CORRECTION

TERR=CORR

BOUGUER

-177,.58
—176;63
-176,87

-178.92 )

-177,57
~175,92
-198,99
=197,84
~196,27
~195,94

"196 ° 847

192,26

-17“085
-172,17
=374,35
-175,07
~177,24
-179,38
177,54
-187.62
=189 .24
-189,39
=190,18

-185076

ozl




STATION
NUMBER

wBeO1
wB602
-WB603
wB604 -
-WB6GCS:
wB606
wB607
wBe0a
wB609
WB610
wBely
wBele
wBold
wB61l4
WBolb
WBéle
wBel7
wB6ls
WBelo
wBe2o
wBeal
wB6Z22

WB623 .

 WB624
WB625
WB626
WB627
WB628
WB629
WB630

LATITUDE
DEG MIN

38,
38,

38,

3&.
38.
38,
38,
38,
38,

- 36,

38.
38,
38.
38,
38,
38,
38,
J8,
38,
386,
38,

38,

38,

B-1-1

38,
36
38,
38,
38,
38,

37.u4
37,44
36,90

37,85

36,56
36,10
35,53
35,24
34,88
33,75
36,10
36,98
40,45
42,32
41,08
h2,22
42,66
42,37
42,53
42,60
42,98
43,37

43,92
44,40

44,72
43,94
44,40
43,02
42,84

43,09

LONGITUDE

DEG

112,
112,

112|

112,
iz,
112,

‘1125

112,
112,
12,
112,
112,
112,
112,
112,
112,
112,
112,
112,
iiz2,
112,

112,

112,

112,
112,
112,
112,
i1z,

112,

MIN

51,00
50,70
50,78

‘51158

51,28
51,06
51,05
51,12
51,25
51,32
51,50
51,58
52,71
52,69
53,82
53,87
53,84

56,14

55,14
54,72

54,35

54,11
53,83

53,88
53,50

52,60
52,82

58,01

57,15

56,68

ELEVATION
IN FEET

5325,
5495,

. 5511,

5116,

5305d

5403,
5492,
5505,
5540,
5650,
5315,
5180,

5087,

5104,
5020,
5047,
5048,
4952,
4968,
5012,
5034,

- 5040,

5065,

5055,
51100

5246,
5202,

- 4850,

4922,
4937,

3,48
10,70
10.46
~9,74

-2

332
6.12
7.21
10,39

16053'

“3081
=8 436
~4,53

=277

=5 .36
«80
1,56
-7.7“
4,24
-ng
2,12
S 47
2.16
75
1.23
4,74
3435
'5.20

=5ea9 .

'4.61

FREE=-AIR SIMPLE
ANOMALY

-177039

=176.46

-177025

=183.99

-181.41
=180.71
-18009“
‘180029
=178.30
=175.91
«]184.83
-18“'79
~177.80
=176.61
-176.34
=171.,10
=170.37
«176.40
-173-45
’171030
-~169.34

=168419
5“170035

-171.43
=172.81
~173.94
=-173.83
=170.39

‘173003’
=172.76 .

TERRAIN
BOUGUER CORRECTION

1,56
2,53

2.09 :

o7l
1,15
1,17
1,15
1,10
1,13

TERR=CORR

BOUGUER

~176Q33
~173,93
-183,28
~179,54
~179,79
-179,19
-177,17
174,59
-183,92.

-177,64

~176,47

«176,21
-176,30
173,34

- =168,06

=170,20
-171,28
“1720°3
”173063
-173061
-170,25
-l72Q90
F172065

[y
P ]




STATION
NUMBER

wWB631
wB632
WB633.
WBod4

WB635 -

wB63e
wB637
wB638
WB639
wBe4g
. wB64}
wBeup
wB643
WBoky
wBoub
WBole
wBe47
wBeus
wBolg
wB650
wB65}
WB652
WB653
. WB65Y
wWB655
wWB656
. WB657
wB658
WB659
WB660

LATITUDE
DEG MIN

36,

38,

38,

38,
36,
38,

38,

38,

. 38,

38,
38,
38.
38,
38,

384

38.
36,
38,
b,
38,
98,

38

38,
38'
36'
38,
38,
38.

38,

3o,

43,40
43,66

44,12
44,59

45,09
44,87
41,69
ki,01
40,26
44,10
42,17
41,33
40,12
39,18
38,32
37692
39,17
37.40
41,58
37.01
35,24
34,84

38,45

37485
37415
36,07

35,71

35,35

35,29 .
34,33 .

LONGITUDE

DEG

i1z,
112,
112,

112,
112,

112,
112,
112,
112,
1i2.
112,

112,

iz,
112,
i12.
112,
112,
112,
112,
112,
112,

112,
112,

iz,
112,
112,
12,
112,

112,

MIN

56,54
56,40

56,25

56,05
56,05
55,36
56,96
56,49
56,38
57,82

58,25

58,50
58,78
58,87
58,95
58,98
57,14

57,16 .

54,87
59,07

59,07

59,04
50,29

39,62

50,36
50,13
50,13
49,85

50,42

56,99

ELEVATION .
IN FEET

4942,

4951, .
4976,
4998, .
4887, -

5020,
4932,
4957,
4956,
4847,
4858,
4873,
4900,

4898,

4875,
4877,
4ou4,
4910,
4975,
4872,
4886,
L4882,

5381,
5835,

5910,
6185,
6170,
6067,

. 5725,
6110,

-3,34
-1‘76
1.64
5,74
JU6
3.“3
-9.52

ii,64 .

13,99

- 11
”7175
10,07
13,35
17.20
20,75
22,27

17.57

25,67
-6,87
24,78
28,69
30,02

3.58

1,83
23,89
31,20
27.59
28,88
18,42

29,94 .

FREE~AIR SIMPLE
ANOMALY

=171.67
“170039

=167.85

=164.50
~165,99
~167.55
~177.50
=180.47
“182079
=~165.20

- =173622

=176+04
=180.24

»“18“003

”186080
=188.38
~185.96
‘192091
=176.32
=190.72
=195.11

- =196.30
=178467
';196091

=177.41
“179046
=182.56
“177076
=176¢57
'178017

TERRAIN
BOUGUER = CORRECTION

TERR=CORR

BOUGUER

-170,28
'167073
"165.60
167,41
177,41
~180,38
'182.70
-164,97
«175,94
=180,15

~188,26.
-192,77

-176,21
=190,58
=194 04
196,12
=176,41

173,15
«171,.76
-176,98
-174,.,81

. =3175,09

—
N
N




STATION
NUMBER

WB661
wB662
WB663
wBeb4

- WB66S

WBeb6
wB667
wBe68
wB669
wB670
wBe7}1
FBOO2

LATITUDE

DEG

38,
38,

38,
38,

38,
36
36,
38,
38,
38,
38,
38,

MIN

33,48
34416

35;333

35,10
34,78
34,60
34,27
35,98
34,52
34,02
33,95
38.24

LONGITUDE

DEG

112,

i1z,

112,
112,
112,

112,
112,

112,

112,
112,
112,

112,

MIN -

50,33

51.36
50,07 .

49,70

49,30

49 42
49,28
48.46
48,53
48,76
49,73

53,70

ELEVATION
IN FEET

6531,

5590,
5800,
‘60“0b
~6200,
. 6905,

7060,
6050,
6985,
7719,
7290,
5260,

36,67

15,23
20,58
- 27,05
29,37

51.02
21,78
43,80
58,57
53.40

. -.25

FREE=AIR SIMPLE

ANOMALY  BOUGUER

185477

-175.16
‘176.97

"=178467

~181.80
~190.18
~189.,45
-18“928

=194,11

«204,34
é194.90
'179041

TERRAIN

CORRECTION

8,26

1,72

2,60
3,92
11,16
8,41
3,35
12,09
22,51
16,62
.00

TERR=CORR

BOUGUER

177451

C =lT3,41

“175125

-176,07 -

-179,02
-180,93
»182,02
~178,28
~179,41

£al
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