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(£500 ft) below ground surface

I MAGNETIC HIGH ANOMALIES--Possibly caused by mafic
2 inclusions. Numbers refer to discussion in text

H3 MAGNETIC HIGH ANOMALIES--Numbers refer to discussion in
text

Lz MAGNETIC LOW ANOMALIES--Numbers refer to discussion in text

STEEPEST GRADIENT ON PSEUDO-GRAVITY MAP-—Shorter dashed

o where less well defined; queried where existence question-
able because east-west trend coincides with flight line
direction. Gradients mark contrasts in magnetic properties
that may be caused by geologic contacts
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DESCRIPTION OF MAP UNITS

Qa ALLUVIUM (QUATERNARY)

Qs WINDBLOWN SAND DEPOSITS (QUATERNARY)
PLAYA DEPOSITS (QUATERNARY) -- Consist of:

Qps Silt and clay

Qpx Silt, clay, salt, and gypsum

Qoa OLDER ALLUVIUM (LOWER PLEISTOCENE)

QTbr  BRECCIA (PLEISTOCENE OR TERTIARY)

Tdv DACITE VOLCANIC ROCKS (MIOCENE)

Tss SANDSTONE AND CONGLOMERATE (MIOCENE)

Tbr BRECCIA, SANDSTONE, AND TUFF (MIOCENE)

T FELSITE INTRUSIVE ROCKS (MIOCENE)

Tdi DACITE INTRUSIVE ROCKS (MIOCENE)

CADIZ VALLEY BATHOLITH (UPPER CRETACEOUS) —-- Consists of:

Kg Granite and granodiorite — Patterned where porphyritic
Kga Gneissic garnet aplite dikes

Ksh Granite of Sheep Hole Pass

Kgi Granite, granodiorite, and metaigneous inclusions

Kim Granite gneiss of Iron Mountains

Kpim Porphyritic granite gneiss of Iron Mountains

Kgdk Porphyritic granodiorite of southeastern Kilbeck Hills
Kel Granodiorite of Cadiz Lake

Kgd Porphyritic granodiorite

Kgs Granodiorite of Green Scorpion mine

Kep Granodiorite of Clarks Pass

Kem Granodiorite of southern Calumet Mountains

Kmgo TWO-MICA GRANITE OF OLD WOMAN MOUNTAINS AND KILBECK HILLS
(UPPER CRETACEOUS)

Kgdo GRANODIORITE OF OLD WOMAN MOUNTAINS (UPPER CRETACEOUS)
Klg LEUCOCRATIC GRANITIC GNEISS (CRETACEOUS?)

KJgd GRANODIORITE AND TONALITE (CRETACEOUS OR JURASSIC)

KJg PINK GRANITE (CRETACEOUS OR JURASSIC)

Jsm GRANITE OF SHIP MOUNTAINS (JURASSIC)

Jgp PORPHYRITIC GRANITE (JURASSIC)

Jgg LEUCOCRATIC GRANITE GNEISS (JURASSIC AND JURASSIC?)

E Jg GRANITOID ROCKS, UNDIVIDED (JURASSIC AND JURASSIC?)

Jgn GNEISSIC METAPLUTONIC ROCKS (JURASSIC AND JURASSIC?)

Jmd DARK METAMORPHOSED DIKE ROCKS (JURASSIC?)

Jpg PORPHYRITIC GRANITE OF SOUTHERN CALUMET MOUNTAINS (JURASSIC?)
Jgrg  DARK GRANITE GNEISS (JURASSIC?)

Jgdg  DARK GRANODIORITE GNEISS (JURASSIC?)

Jgd GRANODIORITE (JURASSIC?)

Jaqd QUARTZ DIORITE (JURASSIC?)

Jda DIORITE AND AMPHIBOLITE (JURASSIC?)

Mzg METASEDIMENTARY GNEISS AND CALC-SILICATE ROCK (MESOZOIC?)
MzPzm MARBLE (MESOZOIC? AND PALEOZOIC)

Pkch  METAMORPHOSED KAIBAB LIMESTONE, COCONINO SANDSTONE, AND
HERMIT SHALE (PERMIAN)

PPbs  METAMORPHOSED BIRD SPRING FORMATION (PERMIAN AND PENNSYLVANIAN)
Mr METAMORPHOSED REDWALL LIMESTONE (MISSISSIPPIAN)

Ded DOLOMITE MARBLE (DEVONIAN AND CAMBRIAN)

€bk METAMORPHOSED BONANZA KING FORMATION (CAMBRIAN)

€t METAMORPHOSED TAPEATS SANDSTONE AND BRIGHT ANGEL SHALE (CAMBRIAN)
€qs QUARTZITE AND SCHIST (CAMBRIAN)

Pzm META-CARBONATE ROCKS (PALEOZOIC)

Rag AUGEN GNEISS (PROTEROZOIC AND PROTEROZOIC?)

1g LAYERED GNEISS AND SCHIST (MESOZOIC OR PROTEROZOIC)
tg TWO-MICA GRANITE GNEISS (MESOZOIC OR PROTEROZOIC)
gn GNEISS (MESOZOIC OR PROTEROZOIC)

Bgd STRIPED GRANODIORITE GNEISS (PROTEROZOIC?)
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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21,
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to
conduct mineral surveys on certain areas to determine their mineral resource
potential, Results must be made available to the public and be submitted to
the President and Congress. These maps present the results of a mineral
survey of the Sheep Hole-Cadiz Wilderness Study Area (CDCA-305), California
Desert Conservation Area, San Bernardino County, California.

INTRODUCTION

The U.S. Bureau of Mines and the U.S. Geological Survey conducted a
mineral survey of the Sheep Hole—-Cadiz Wilderness Study Area, which
encompasses approximately 200,000 acres including enclosed private lands, in
south-central San Bernardino County, California. The U.S. Bureau of Mines
studied the mineral resources of mines, prospects, and mineralized areas;
geologic, geochemical, and geophysical investigations were conducted by the
U.S. Geological Survey.

The study area is located in the Mojave Desert 13 mi east of Amboy,
California, 20 mi east of Twentynine Palms, California, and 90 mi east of San
Bernardino, and encompasses parts of the Dale Lake, Bristol Lake, Cadiz Valley,
and Cadiz Lake l5-minute quadrangles. Its borders are defined by the Amboy
Road and a gas pipeline service road on the northwest, the unimproved Cadiz
Valley access road on the east, State Route 62 along the south, and the Iron
Age mine road and an unimproved powerline service road on the west. Major
access from the east and west is provided by State Route 62 and access from
the north is provided by the Amboy Road.

Local topography is dominated by two elongate, northwest—trending mountain
ranges, the Sheep Hole Mountains on the west and the Calumet Mountains on the
east, separated by a valley 5 to 8 mi wide. Mountains contiguous on the south
with the Calumet Mountains are referred to herein as the southern Calumet
Mountains. Elevations above mean sea level range from 560 ft at Cadiz Lake to
4613 ft in the Sheep Hole Mountains. The mountainous terrain is commonly
rugged and steep, while the valleys are characterized by gently sloping,
dissected flanks and relatively flat bottoms. Dunes cover large areas
southeast of Dale Lake and both flanks of the northern Calumet Mountains. The
area lacks perennial streams or springs.

Companion reports to this one describe the mineral resource potential
(Marsh and others, 1982), the geology (Howard and John, 1984), and
hydrothermal alteration studies (Raines, 1983).

AEROMAGNETIC DATA

The total-field aeromagnetic data for the Sheep Hole—Cadiz Wilderness
Study Area have been extracted from a data set which covers the entire Needles
1° by 2° quadrangle (U.S. Geological Survey, 198l). A regional field
consisting of the 1975 International Geomagnetic Reference Field (IGRF)
updated to the date the survey was flown has been subtracted from the
total-field intensity measurements, and a constant datum of 5000 gammas
(1 gamma = 1 nanotesla) has been added to produce the total-field anomaly map
displayed on sheet 1. Anomaly values span a range of approximately 700 gammas
(1 gamma = 1 nanotesla) from a high of 5161 gammas just north of Cadiz Lake to
a low of 4455 gammas in the Pinto Mountains in the southwest corner of the map.

The survey was flown at a constant (nominal) elevation of 1000 ft above
ground level. Because it is not possible to maintain a strictly constant
ground clearance when flying over rugged topography, some anomalies will
result from the changing distance to magnetic sources that occurs when the
plane skims peaks and flies high over narrow valleys. It is difficult to
eliminate such artifacts from the data set, though it is not very hard to
identify from a topographic map where such problems may exist. Most such
artifacts have smaller dimensions than the anomalies discussed here. Flight
lines were spaced 0.5 mi apart and were flown in an east-west direction., Tie
lines spaced at approximately 10 mi apart were flown in a north-south direc-
tion. Occasionally, if a flight line is poorly located on the map or if the
data values are shifted from those on neighboring flight lines, an elongate
east-west trending anomaly or gradient appears on the contour map. However,
there are also east-west structural trends in the area, and some of the
east-west aeromagnetic trends are undoubtedly real, but all such trends on
this aeromagnetic map need to be viewed with caution because of these possible
flight line problems.

SIGNIFICANCE OF AEROMAGNETIC ANOMALIES

Smooth, widely spaced magnetic contours, as seen over the alluvium—-filled
basin at the south end of Cadiz Lake, generally indicate a considerable depth
to magnetic rocks. (Sedimentary deposits are usually not very magnetic.)
Highly curved and closely spaced contours, as seen over the Sheep Hole
Mountains and over the Pinto Mountains, indicate chages in magnetic sources
that are located at or very near the ground surface. Changes in magnetic
sources include both changes in the strength of magnetization and variations
in geometry introduced by topography and accentuated by the problem mentioned
above of the airplane's elevation above the terrain.

Rock magnetization can be either remanent or induced (Grant and West,
1965) . Most anomalies in the study area are thought to be produced by
lithologies with rather small remanence values, so that induced magnetization
is of prime importance. At the location of the study area (34° N.), the dip
of the Earth's magnetic field vector (60° of inclination) produces an anomaly
over compact sources that consists of a high flanked on the north side by a
low of somewhat smaller amplitude. The high—low anomaly pair east of Dale
Lake labeled I3 is a good example of such a dipolar anomaly. Other circular
high anomalies, such as the one between the Sheep Hole and Calumet Mountains
labeled I,, do not exhibit an obvious flanking low on the north side. The .
absence of a low could be caused by the presence of remanent magnetization
that need not have a direction parallel to the Earth's field, or by an
appropriate geometry of the magnetic body. Outward-dipping contacts at the
top of the body could diffuse the low over such a large area that it would
become inconspicuous. The mushroom shaped top of a plutonic stock with sides
dipping outward gradually to depth is a good example of such a distributed
source.

Magnetic lows other than those flanking highs also have significance.
Broad magnetic lows over basin areas are consistent with the absence of
near—surface magnetic source rocks in these alluvium-filled depressions. The
presence of a basin can be confirmed by depth determinations, as discussed
below, and by the coincidence of. gravity lows that can imply the presence of
low density sedimentary fill. Sedimentary basins outlined on the accompanying
gravity map will be seen to have the low amplitude, small gradient aeromagnetic
anomaly pattern described above. Note, however, that the presence of this
pattern without a cqincident gravity low does not guarantee the presence of an
alluvium-filled basin, since some of the granites have quite low magnetization
values. The narrow band of low anomalies (labeled Lj) in the southwest
corner of the map trending obliquely through the Pinto Mountains probably
reflects the absence of magnetic sources within the band. Such lows can
sometimes indicate areas of alteration and mineralization in which magnetite
has been destroyed by the alteration process.

MAGNETIC GRADIENTS

Gradients in the magnetic field often mark the boundaries between areas
with different magnetic properties., At the latitude of the study area, the
gradients are somewhat displaced from the contrasts in magnetization that
cause them because of asymmetries in anomalies produced by the local
geomagnetic field direction (inclination 60°, declination 14°). If the
magnetization is assumed to be induced rather than remanent, this can be
corrected by a mathematical procedure called "reduction to the pole," which

transforms the aeromagnetic map into the equivalent map that would be obtained

in a vertical geomagnetic field with vertically directed magnetizations
(Baranov and Naudy, 1964). A further simplification of anomalies is possible
if a pseudo-gravity transform is performed. This, in effect, replaces magnetic
material by dense material from which a gravity anomaly is calculated (Baranov,
1957). The pseudo-gravity map displays simpler anomalies with fewer zero
crossings, and the horizontal gradient of the pseudo-gravity field probably
gives the best estimate of the positions of contacts, because the steepest
gradients occur nearly over the contrasts in rock magnetization that produce
the gradients (Cordell, 1979). Magnetization boundaries close to the surface
will produce steeper gradients than a more deeply buried boundary of the same
nature. Geologic contacts that do not have different magnetizations on the
two sides will, of course, not show up as magnetic anomalies or gradients.

The positions of the steep horizontal gradients of the pseudo-gravity field
are shown on the aeromagnetic interpretation map as dashed lines. The length
of the dashes indicates in rough fashion the quality of the boundary in terms
of the steeépness and continuity of the gradient.

DEPTH DETERMINATIONS

The wavelengths of anomalies are a good indicator of the depth to magnetic
sources. Certain areas of the aeromagnetic map have broad anomalies with
gentle gradients. Magnetic sources in these areas are likely to lie at
greater depth than in areas where anomalies have narrow widths and steep
gradients. This relation has been quantified by Vacquier and others (1951)
using the gradients of anomalies. Their technique was used to estimate depths
to magnetic source bodies in the study area. The horizontal length of the
linear portion of anomaly gradients was measured from flight line profiles
supplied by the contractor. This horizontal length was then taken as a rough
estimate of a maximum possible depth to the top of the source body. Because
of the subjectivity in measuring the straight part of the gradient, and
because anomalies were not always of the ideal form required by the method,
the depth numbers displayed on the map are estimated to be uncertain by at
least 500 ft,

REGIONAL CONTEXT

The observations in this section are made with the help of the aeromagnetic
and geologic maps of the Needles 1° by 2° quadrangle (U.S. Geological Survey,
1981; Bishop, 1963) and the reader should refer to these maps for additional
information. Aeromagnetic anomalies in the present study area are rather
subdued when viewed in the larger context of the Needles 1° by 2° quadrangle;
higher amplitude anomalies and more clearly defined trends occur in areas
immediately to the north and west. The two large high anomalies north of
Cadiz Lake and other smaller circular anomalies within the study area are
similar to anomalies in neighboring ranges caused by hematite-magnetite iron
deposits produced either by the contact-metamorphic interaction of Jurassic
granites intruding Paleozoic limestone and dolomite or by the hydrothermal
deposition of iron ores as veins in igneous rocks. Small deposits have been
prospected and mined in the neighboring Bristol, Bullion, Marble, Pinto, and
Ship Mountains (Jenkins, 1948; Wright and others, 1953; Moore, 1966).  Large
iron deposits have been mined in the Eagle Mountains 10 mi south of the study
area and in the Providence Mountains 25 mi north of the study area. Several
circular aeromagnetic high anomalies within the present study area are smaller
than the highs seen over such deposits in other ranges, but might be caused by
smaller deposits., Other aeromagnetic highs in the Kilbeck Hills, the 0ld
Woman Mountains, and the Turtle Mountains (23 mi east of the study area)
coincide with mapped exposures of mafic igneous rocks (Keith Howard, oral
commun., 1982) so that the presence of an aeromagnétic high does not
necessarily indicate the presence of an iron deposit.

The northwest trend (trend 1, sheet 2) defined by aeromagnetic anomalies
and gradients on either side of the Sheep Hole Mountains is far better defined
as it continues to the northwest beyond the present map area, suggesting the
presence of an important structural boundary of regional extent.

A second linear trend at N. 60° W, (trend 2) that passes through the study
area is defined by magnetic highs occurring in the Bristol Mountains, between
the Ship Mountains and the north end of Cadiz Lake, in the southern Old Woman
Mountains, and in the southern Turtle Mountairns. Betweeen the separate highs
the continuity of this trend is not so obvious, although some of the highs in
the trend have steep gradients that also are oriented northwest-southeast.

The cause of this alinement is not clear, although it could indicate a
boundary of structural or stratigraphic significance.

There are other trends that extrapolate into the study area from the
east-northeast, though their actual extension into the study area is not
certain. A strong N. 60° E. trending magnetic gradient (trend 3) in the
northwest corner of the 0ld Woman Mountains would, if extended, pass just
north of the anomaly labeled Hy in the northern Calumet Mountains. A
subparallel linear trend within the study area is defined by the linear
east-northeast gradients running between the south end of Hy and the north
end of Hg near the north end of the Calumet Mountains.

A second more poorly defined east-northeast linear trend (trend 4) just
outside the study area passes through the southern part of the 0ld Woman
Mountains and near the north end of the Kilbeck Hills where there is an
east-northeast trending gradient interrupted by smaller circular anomalies.
The extrapolation of this trend into the study area would roughly serve to
separate the southern part of Cadiz Lake with its large depths to basement
from the northern part with its shallower basement, suggesting structure of
some sort along this trend.

Finally, the broad aeromagnetic high that encompasses the southern Calumet
Mountains seems to be part of a larger high (interrupted by the low produced
by non-magnetic sediments in the Cadiz Lake Basin) that encompasses Precambrian
basement in the Kilbeck Hills and the 0ld Woman Mountains. This suggests that
parts of the Calumet Mountains may also be floored by Precambrian basement,
while the Sheep Hole Mountains, which are not associated with a coherent broad
magnetic high, may have a different basement. Chapman and Rietman (1Y78) make
a similar suggestion based on Bouguer gravity anomalies.

MAGNETIZATION OF EXPOSED UNITS

Most of the bedrock exposed in the study area consists of Mesozoic
plutonic rocks and metamorphosed older units that form inclusions, pendants,
and septa within the plutonic bodies. Precambrian gneisses, Tertiary dikes,
and Tertiary volcanic rocks are exposed in the northern Calumet Mountains.
Detailed descriptions of the geologic units will be found in the companion
geologic report by Howard and John (1984). Of these lithologies, only the
Tertiary dikes and volcanic rocks would be expected to exhibit large amounts
of remanent magnetization. However, the mapped exposures of these Tertiary
rocks do not correlate well with the aeromagnetic anomalies (steep gradients
would be expected on the borders of these at-surface sources), so that their
remanence is not thqught to be an important factor in interpretation of any
major anomalies.

The other lithologies reported (granites, granodiorites, gneisses, etc.)
would be expected to exhibit larger induced than remanent magnetizations. The
samples available for magnetic susceptibility determinations were mostly from
the Mesozoic plutonic units. Several samples of Precambrian gneiss were also
available. The results are shown in table 1. The susceptibilities fall
within the ranges expected for igneous plutonic and metamorphic rocks (Grant
and West, 1965). Diorites are more magnetite than granodiorites, which are
more magnetic than granites. In general, the darker colored plutonic rocks
tend to be more magnetic than the lighter colored-—presumably because color,
mafic mineral content, and magnetite content are all roughly correlated.

There was considerable variability in magnetization from sample to sample of a
given unit. The few Precambrian gneiss samples measured had low to moderate
susceptibilities, but measurements from a large suite of Precambrian gneisses
from the Whipple Mountains about 70 mi to the east show susceptibility values
ranging from less than 0.1 x 10-3 to a maximum of 7.1 x 1073 cgs 'units,

Values within this range would be quite adequate to explain the observed high
anomalies over Precambrian outcrops in the study area.

Sedimentary rocks, in general, are less magnetic than igneous rocks by
several orders of magnitude (Grant and West, 1965). Basins filled with
sedimentary deposits will therefore produce low magnetic anomalies if the
surrounding bedrock is magnetic.

AEROMAGNETIC ANOMALIES IN THE STUDY AREA

Anomalies labeled I; in the southern Calumet Mountains correspond
closely with exposed bedrock rich in mafic inclusions. (These inclusions may
be metamorphosed Jurassic intrusive material.) Many of these anomalies are
ellipsoidal in shape reflecting the elongation of the mapped inclusions.
Anomalies labeled Ij are similar in character but lie over areas where mafic
inclusions are not indicated on the geologic map. The obvious inference is
that similar metamorphosed inclusions exist at depth (shallow for sharp
anomalies, deeper for more smoothed anomalies). The broader high outlined by
the 4800 gamma contour that encloses the .southern end of the southern Calumet
Mountains cannot be explained by the low susceptibility granitic rocks that
are exposed at the surface. This leads us to postulate the existence of more
magnetic sources at depth, perhaps a floor to the Cretaceous batholith made of
the more mafic (Jurassic igneous ?) materials exposed at the surface as
isolated inclusions, or perhaps an underlying Precambrian basement made of
gneisses similar to those seen in the northern Calumet Mountains and in
neighboring ranges.

In the northern part of the southern Calumet Mountains, in contrast with
the southern end of this range, the magnetic anomaly field is low in value and

slowly varying. This abrupt change may indicate a change in the materials
flooring the batholith, as is suggested by the relative scarcity of mgfic
inclusions in this magnetically quiet area. Measured susceptibilities of
granitic rocks in the northern area are similar to values from granites in the
southern area and cannot explain the difference in magnetic anomaly values or
the existence of the rather steep gradient between the areas. In fact, the
absence over the Calumet Mountains of short wavelength anomalies of the sort
that can be seen over the Sheep Hole and Pinto Mountains confirms that the
near-surface granitic rocks in the Calumet Mountains have rather low magnetiza-
tion values. Geochemical anomalies and iron staining found at the surface in
the northern part of the southern Calumet Mountains (Marsh and others, 1982;
Raines, 1982) do raise the possibility that alteration has destroyed enough
magnetite at depth to produce the observed low magnetic values, but this
hypothesis does not explain the scarcity of mapped mafic inclusions in the
granite in this area,

Anomaly I3 adjacent to the southern Sheep Hole Mountains partly overlies
exposed quartz diorite rocks of Jurassic(?) age. The steep gradients on the
anomaly suggest that the magnetic source rocks are perhaps 400 ft below the
surface. If the anomaly is caused by a quartz diorite body, then the position
of this anomaly astride the inferred position of the range front fault rules
out significant horizontal or vertical motion on this strand of the fault
after the emplacement of the diorite. A second possible explanation is that
I3 marks the presence of a hematite-magnetite deposit of the sort mentioned
above that is associated with Jurassic granites and limestone. Such a deposit
occurs 4 mi to the southwest at the Iron Age mine (Wright and others, 1953).
The two small sharp high anomalies marked H) that overlie the Iron Age mine
were recorded on a single flight line and might have been missed entirely if
one flightline had not passed close over the mine. A third possible
explanation for I3 is that a young (Tertiary?) stock has been emplaced along
the range front fault. The absence of young dikes in this area makes this
possibility less likely than the first two explanations.

Anomaly I, to the west of the Calumet Range lies over mapped Cretaceous
granite, which is rich in inclusions of granodiorite gneiss, suggesting that
additional material of a similar nature beneath the surface is responsible for
this anomaly. Depth solutions (discussed below) indicate a depth of 1000 ft
to the magnetic source rocks, so that a deep source related to the mafic
material exposed at the surface is possible. Again, an iron deposit or a
younger stock are possible explanations. Hoover (written commun., 1982) has
found low electrical resistivity values in this area, suggesting the possi-
bility of alteration at depth.

Anomaly Hy near the southern end of the northern Calumet Mountains
overlies Proterozoic(?) striped granodiorite gneiss. This unit does not have
any associated anomaly where it is mapped farther to the south, so it either
includes more magnetic phases to the north, or more mafic materials exist in
the subsurface.

Anomaly Ig overlies a variety of granitoid units but is squarely
centered over a granite rich in meta-igneous inclusions, which suggests that
metamorphosed mafic material causes this anomaly.

Anomalies H3 and Hy overlie outcrops of Proterozoic augen gneiss and
of Mesozoic granitoid rocks. Tertiary volcanic dacite and dacite dikes occur
within 1 mi of each of these anomalies. The volcanic dacite has a small
magnetic spike over it on the magnetic profile records, so that it must be at
least moderately magnetic. It is possible that Hj and Hy4 indicate the
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presence of Tertiary dacite stocks at depth, but the alternate possibilities
mentioned above cannot be ruled out. There is no obvious relation between
these highs and mineralization in this area (Marsh and others, 1982).

These small highs connect by way of a saddle in the aeromagnetic anomaly
field with the much larger highs labeled Hs, Hg, and Hy that occur north
of Cadiz Lake. Anomaly H7 is actually clearly defined and separated from
Hg if the aeromagnetic map is reduced to the pole (see above). All of these
anomalies are quite smooth and give depth solutions greater than 2000 ft. As
noted above, these anomalies lie on a N. 60° W. trend defined by a series of
magnetic highs in the ranges to the northwest and southeast. In the ranges to
the northwest, the anomalies may be associated with iron deposits of hematite
and magnetite produced by the intrusion of Jurassic granites into Paleozoic
limestone. This raises the possibility that highs Hg, Hg, and H7 may
also mark iron deposits at depth. There are small deposits of this type in
the northern Ship Mountains about 10 mi to the northeast (Lamey, 1943).
However, highs along trend to the southeast seem to be related to exposures of
mafic intrusive rocks, and such a source could also explain the anomalies
under discussion. The shape and gradients on these anomalies are not
inconsistent with a laccolithic geometry.

Anomaly Hg in the Kilbeck Hills is a high that overlies a Jurassic
diorite and amphibolite unit. Slightly to the south, the high Hyg overlies
alluvium and is close to a variety of metamorphosed Paleozoic metasedimentary
and Jurassic meta-igneous units and small exposures of iron ore.

To the southwest of the study area in the Pinto Mountains, a belt of lows
labeled Ly, which is roughly outlined by the 4600 gamma contours, seems to
correlate rather well with the presence of mines and prospects. This low belt
seems to continue to the north and northwest under the alluvium on the north
side of the Pinto Mountains. The cause of this low magnetic intensity belt is
probably alteration associated with mineralization which has destroyed
magnetite,

Somewhat similar appearing lows labeled Ly and L3 occur in the northern
Sheep Hole Mountains. Mines and prospects and gold-silver mineralization
(Marsh and others, 1982) do occur along the range front fault roughly parallel-
ing the northeast margin of L. These lows could be marking alteration in
the rocks associated with mineralization, and, in fact, alteration has been
noted in these areas (Raines, 1982). They are part of a larger system of
elongate lows going off to the northwest (along trend 1), which is one of the
most prominent features on the aeromagnetic map of the Needles 1° by 2° sheet
(U.S. Geological Survey, 1981), These lows bear no obvious relation to mapped
surface geology, although the gradients on either side of the lows are parallel
with mapped northwest-trending structures (Bishop, 1963). The lows are
exaggerated in many places--such as in the northern Sheep Hole Mountains--by
the airplane's terrain-clearance problems. However, the existence of a real
area underlain by low magnetization values is not in doubt, and would seem to
require either a (structurally emplaced ?) sliver of low magnetization rocks
between more magnetic units or a structurally controlled zone of alteration in
which magnetite has been destroyed. The presence of alteration would seem to
argue for the second possibility, but in Sheep Hole Pass the low Lj is
largely underlain by the felsic Cretaceous granite of Sheep Hole Pass, which
is not very magnetic, and is flanked by more ‘mafic Jurassic granites (a
porphyritic granite and an undivided granitoid unit) and by Mesozoic(?)
metasedimentary rocks, both of which are more magnetic. Thus original
differences in the magnetizations of rock units seem to contribute in part to
the low anomaly values, at least in the Sheep Hole Pass area.

The character of aeromagnetic anomalies over the valleys and depth
solutions obtained in valley areas suggest the following observations:

1% Dale Lake basin to the southwest of the Sheep Hole Mountains appears
to extend to depths of several thousand feet, consistent with seismic
refraction depths reported by Stierman (1982). Depth solutions vary quite a
bit, but this may reflect magnetic sources at various depths within trhe
magnetic basement or faulting of the basement producing different basement
elevations. ]

20 In the valley between the Sheep Hole Mountains and the southern
Calumet Mountains the basement appears to be quite shallow--probably not more
than a few hundred feet at most. However, gravity data does indicate a small
graben-like basin close to the Sheep Hole side of this valley under Dry Lake,
the basin containing 1000 ft or more of sedimentary fill.

3. The northern end of the same valley between the Sheep Hole and
northern Calumet Mountains has depth solutions ranging from 1400 to 2300 ft.
There is also a well-defined gravity low in this area that suggests several
thousand feet of sedimentary fill in a basin which may be a southward
extension of the Bristol Lake basin.

4, The Cadiz Valley basin area between the Calumet Mountains and the
Kilbeck Hills-Iron Mountains appears to be shallow to the northwest and
possibly 2400 ft deep to the southeast, implying some structural boundary
running roughly east-west across the lake. These observations are generally
consistent with the gravity data, except that a gravity low at the northwest
end of Cadiz Lake seems to imply greater depths to basement than the magnetic
depth estimates. This suggests that debris slides of magnetic material from
the Calumet Mountains or volcanic flows may occur as layers within the
lacustrine sequence, or possibly that igneous sills and dikes might have
invaded the lake deposits. The rather sharp lows labeled L4 and L5 are
intriguing. There appears to be a volume of material at a roughly estimated
depth of 400 to 600 ft that is either reversely magnetized or less magnetic
than the surrounding materials. This could imply a thickening of the sedimen-
tary section, a reversely magnetized igneous body in the sedimentary section,
or an area altered perhaps by circulation of geothermal waters. However,
because low L4 connects with a belt of lows running south-southwest through
the southern Calumet Mountains, the presence of some lithology with very low
original magnetization values juxtaposed against a more magnetic basement to
the south is also possible.

CONCLUSIONS

1. Most of the lithologies within the study area are not very magnetic. Mafic
metamorphosed inclusions within the granites and small outcrops of Jurassic
diorite can be correlated with some aeromagnetic highs. Other highs are
thought to be caused by similar material not exposed at the surface, or
possibly by covered magnetite—hematite deposits of the sort found in neighbor-
ing ranges to the south, west, and north.

2. Magnetic lows in the northern Sheep Hole Mountains, in the northern part
of the southern Calumet Mountains, and to the west of the center of Cadiz Lake
may be related to alteration of the rocks destroying magnetite, but other
explanations are possible in all three areas. The most likely alternate
possibility is that these lows are produced by relatively non-magnetic
lithologies being juxtaposed against or surrounded by more magnetic
lithologies in the subsurface.

3. Depth solutions based on the technique of Vacquier and others (1951)
indicate that sedimentary fill exceeds 1000 ft in the Dale Lake basin, in the
southern part of the Cadiz Lake basin, and in an unnamed basin that lies
between the northern Sheep Hole Mountains and the northern Calumet Mountains.

4, The northern and southern ends of the Calumet Mountains are overlain by a
broad aeromagnetic high outlined by the 4700 gamma contour, which extends to
the east and joins this range to the Kilbeck Hills, the Iron Mountains, and
the 01d Woman Mountains, all of which-'expose Precambrian rocks. The absence
of a similar broad coherent high over the Sheep Hole Mountains suggests that
this range has a different basement than the Calumet Mountains and the ranges
to the east, and that the edge of the Precambrian basement may fall somewhere
in the valley between the Sheep Hole and Calumet Mountains.

5. Northwest-trending magnetic gradients and elongate low anomalies that
flank the northern Sheep Hole Mountains continue to the northwest of the study
area at least as far as the edge of the Needles 1° by 2° quadrangle. They
probably mark a structural boundary of regional importance. Many other
gradients within the study area probably overlie structures and igneous
contacts of local significance.

Table 1.—--Magnetic susceptibilities

[Measured by Richard Knox and Robert Simpson]

Number of Range Average
Unit samples (x 10-3 cgs units)
Granodiorite of southern Calumet Mountains (Kca) 6 0.4-0.9 0.6
Granodiorite of Cadiz Lake (Kel) 4 0,6-0..8 0.6
Granodiorite of Clarks Pass (Kcp) 7 0.5-1.3 1.0
Granite and granodiorite (Kg) 35 0:0-1.% 0.4
Granodiorite of Green Scorpion mine area (Kgs) 19 0.0-1.0 0.4
Granite of Sheep Hole Pass (Ksp) 3 0.0-0.3 0.1
Diorite and amphibolite (Jd) B 1.0 -
Granitoid rocks, undivided (Jg) 3 0.1-2.9 1.5
Porphyritic granite (Jgp) 6 052=1.5 A=
Quartz diorite (Jqd) 2 0.2=1.3 0.8
Augen gneiss (Bag) 6 O52=1 1 045
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Location map showing the boundary of the Sheep Hole-Cadiz
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