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STUDIES RELATED TO WILDERNESS

The Wilderness Act (Public Law 88-577, September 3, 1964) and related
acts require the U.S. Geological Survey and the U.S. Bureau of Mines to survey
certain areas on Federal lands to determine their mineral resource
potential. Results must be made available to the public and be submitted to
the President and the Congress. This report presents the results of a
geophysical survey of the Freel and Dardanelles Roadless Areas in the Eldorado
and Toiyabe National Forests, Alpine and El Dorado Counties, California. The
Freel (5-271) and Dardanelles (4-982 and 5-982) Roadless Areas were classified
as further planning areas during the Second Roadless Area Review and
Evaluation (RARE II) by the U.S. Forest Service, January 1979.

INTRODUCTION

The Freel and Dardanelles Roadless Areas comprise 51 mi2 (132 kmz) in the
central Sierra Nevada south of Lake Tahoe. The Sierra Nevada crest passes
through the eastern part of the area. Prominent mountains include Stevens
Peak (elev 10,061 ft), Waterhouse Peak (elev 9,497 ft), and Freel Peak (elev
10,881 ft).

Two kinds of geophysical maps were prepared to aid geologic mapping and
mineral appraisal in the area of study. The Bouguer gravity anomaly map and
the associated isostatic residual gravity map reflect lateral changes in
density of the underlying rocks (fig. 1). The aeromagnetic map reflects
lateral changes in-magnetization of the underlying rocks. Densities and
magnetizations of rock samples from the collection of D. A. John and R. A.
Armin were measured for the principal rock types of the area (table 1).
Changes of these physical properties are related to changes in rock type, and,
consequently, the geophysical maps can be used to aid geologic mapping at the
surface and to infer rock types and contacts between rocks beneath the
surface. The geologic base shown on the aeromagnetic map is from John and
others (1981) and Armin and others (1981), where expanded descriptions of the
geologic units are included. Data on the geophysical maps extend beyond the
border of the roadless areas and beyond the indicated mapped geology so that
the geophysical anomalies in the area of study can be interpreted in relation
to the surrounding regional framework.

GRAVITY MAP

The datum of observed gravity for the Bouguer anomaly and isostatic
residual gravity maps (fig. 1) is that of the International Gravity
Standardization Net of 1971 (IGSN-71) (Morelli, 1974). The theoretical value
of gravity at sea level for each station was determined from the Geodetic
Reference System formula of 1967 (GRS67) <(International Association of
Geodesy, 1971). Methods used to obtain the Bouguer and isostatic anomalies
and lists of anomalies at gravity stations east of 120 degrees longitude are
in Plouff (1982). Gravity values at stations west of 120 degrees were
obtained from Snyder and others (1982) and from Blum (1979). As described by
Plouff (1982), a constant of 14.6 milligals (mGal) was subtracted from the
previous datum of observed gravity (Chapman, 1966) to convert to the IGSN-71
datum. An elementary computer program was used to change datums and to apply
the GRS67 formula needed for calculation of Bouguer gravity anomalies
consistent with the data set east of 120 degrees longitude.

The regional Bouguer gravity anomaly map (fig. 1A) is dominated by
closely-spaced, north-trending contours that generally reflect the
distribution of major crustal units associated with the Sierra Nevada
batholith. An approximate isostatic correction was subtracted from the
Bouguer gravity anomaly at each station in an attempt to reduce the gravity
gradients associated with deeper crustal changes so that perception of local
gravity anomalies related to upper crustal geology and mineral deposits would
be improved. The computer program of Jachens and Roberts (1981) was used to
calculate the gravity effect of the mass deficiency within a hypothetical,
complexly-shaped crustal downwarp ('root") that compensates for the mass above
sea level. Parameters assumed for this isostatic model are a normal crustal
thickness at sea level of 15.5 mi (25 km), _a topographic density of 2.67
g/cm’, and a density contrast of 0.4 g/cm® at the base of the crust.
Elevations for the ground surface were obtained from the same geographic 3- by
3-minute grid used for digital terrain corrections (Plouff, 1977) in the
region. The digital portion of the isostatic correction was carried to a
distance of 103.6 miles (166.7 km) from each station and the remaining
correction to the antipodes was interpolated by the computer program from the
worldwide chart of Karki and others (1961).

The magnitude of the isostatic correction is illustrated by an increase
in gravity level of 160 to 170 mGal from the Bouguer anomaly to the isostatic
residual gravity map (fig. 1). The interfering regional gradient was reduced,
as evidenced by a decrease of the anomaly range from about 50 mGal on the
Bouguer gravity anomaly map to 38 mGal on the isostatic residual gravity
map. However, strong regional interfering gradients still persist. These
gradients reflect major intra-crustal density contrasts related to the Sierra
Nevada batholith and a possible underlying zone of transition between oceanic
rocks and less dense continental rocks along a continental border of Mesozoic
age (Oliver, 1977, p. 458).

The only significant gravity anomaly that is not masked by the high
regional background in the roadless areas is a 3- by 6-mi, east-west trending
gravity low in the northern half of the Dardanelles Roadless Area (fig. 1B).
The anomaly can not be correlated with the mapped geology mostly because the
gravity coverage 1is too sparse to define adequately the edges of the
anomaly. The gravity low may reflect the lower density of a thick pluton
consisting mostly of Bryan Meadow Granodiorite that intrudes older surrounding
rocks consisting of denser diorite and metamorphic rocks. The average density
of 12 samples of granodiorite is 2.71+0.05 g/cm” in the area of study (table
D. Four samples of diorite average 2.88%£0.07 g/cm” and four samples of
metamorphic rock average 2.78+0.06 g/cm”. The contrast of 0.07 g/cm” between
granodiorite and metamorphic rock is the same as the contrast measured by
Oliver (1977, fig. 3) in comparing the densities of 418 samples of the Sierra
Nevada batholith with 121 samples of wall rocks and roof pendants. Oliver
stated that observable gravity anomalies in the Sierra Nevada result from this
small but significant density contrast.

AEROMAGNETIC MAP

The aeromagnetic survey was flown at an altitude of 1,000 ft (300 m)
above the average terrain along northeast-trending flight lines spaced at
intervals of 0.5 mi (0.8 km) (U.S. Geological Survey, 1981). A residual
magnetic intensity map was prepared by subtracting the Earth’s regional
magnetic field at each observation point from the observed magnetic field and
then adding an arbitrary constant of 5,000 nT.

Magnetic susceptibilities and remanent magnetizations were measured for
one-inch cores from some of the principal plutonic and metamorphic rocks of
the area (table 1) in order to provide a basis for interpretation of the
aeromagnetic map. The Quaternary deposits were not sampled because they are
thin, unconsolidated, and essentially nonmagnetic. The magnetic properties of
Tertiary rocks were obtained from data collected in nearby areas. The sample
data were supplemented by fluxgate magnetometer measurements, which provided
qualitative estimates of the strength and direction of magnetization of 6
metamorphic rocks collected by D. A. John in the southeast corner of the area
of study.

The sample measurements indicate that most of the rocks in the area of
study are moderately to strongly magnetic, a conclusion that can also be
inferred from the complexity of the aeromagnetic map. Two samples of
metamorphic rock from the southeast corner of the area of study were found to
exhibit strongly reversed magnetization (3 A/m) in the sense of their present
structural orientation. In contrast, the remaining 8 samples had negligible~
to-low normal magnetization. Four samples of diorite have rather strong total
magnetizations that average 4.0%£3.0 A/m, where the latter number is the
standard deviation. The 12 samples of granodiorite average 1.6+0.5 A/m and 16
samples from the Raymond Peak Roadless Area to the southeast average a
comparable 1.2+1.0 A/m in total magnetization (Plouff, 1983). The total
magnetization for 17 samples of Tertiary rocks from the Raymond Peak Roadless
Area average 8+18 A/m. This average and its wide scatter were strongly
influenced by a value of 75 A/m for an intrusive rock and four samples with
negligible magnetization.

The aeromagnetic map reflects the diversity in the magnetization of the
surface and underlying rocks. Moderate to strong magnetization of most rocks
exposed at the surface is exemplified by the pervasiveness of strong
topographic effects. That is, magnetic maxima ('highs") tend to occur over
ridges and hilltops and minima ("lows") over canyons and depressions. The
topographic effect is especially strong, because a constant ground clearance
of 1,000 ft (300 m) could not be safely maintained at normal aircraft speeds
in this area of rugged topographic relief. Therefore, the aircraft pilot
tended to fly closer to the ground over hilltops than over valleys. The radar
altimeter records indicate that the flight level ranged from less than 650 ft
(200 m) to greater than 2,300 ft (700 m) above ground level (R. H. Godson,
written commun., 1981).

Perhaps the most prominent feature on the aeromagnetic map is a complex
magnetic high approaching 5 mi in diameter, which is located in the southern
half of the Freel Roadless Area and the northern tip of the Dardanelles
Roadless Area. Most of this large magnetic high is enclosed by a 5,000 nT
magnetic contour. Although individual maxima and minima within the large high
are strongly shaped by topography, the overall impression is one of coalescing
anomalies bounded by fairly continuous peripheral gradients suggesting that a
large mafic pluton underlies this complex magnetic high. The anomaly reaches
its highest amplitude over a geologic unit mapped as quartz diorite and
diorite. Highly magnetic sample 14A (table 1; map) has been identified as a
gabbro by D. A. John (oral commun., 1981). The second most intense local high
occurs over an outcrop of the granodiorite of Waterhouse Peak, which is
described as containing locally abundant inclusions of diorite (John and
others, 1981). If a single mafic pluton exists beneath this large magnetic
high, its age relation to the other units is unclear, however, because the
hypothetical body would incorporate exposed geologic units with various
intrusive relations.

Two magnetic highs centered just south of Freel Peak and 2 mi to the
northwest overlie the granodiorite of Freel Peak, which contains abundant
mafic inclusions (John and others, 1981). The highs mostly are a topographic
effect. They are separated from the large high to the southwest by a west-—
northwest-trending magnetic low along the topographically low Trout Creek,
which flows over glacial deposits of negligible magnetization.

A west-northwest-trending zone of subdued anomalies occurs just south of
the complex large magnetic high. This irregular zone is about 2 mi wide at
the eastern border and extends throughout the western half of the Dardanelles

Roadless Area. The shapes of the enclosed anomalies and magnetic gradients
are strongly affected by topography. The zone generally reflects the
relatively low level of magnetization of the extensive outcrops of the Bryan
Meadow Granodiorite and the Lovers Leap Granodiorite of Loomis (1981). The
location of this zone generally coincides with that of the prominent gravity
low.

A prominent 3- by 5-mi magnetic low is located at the southeast corner of
the Dardanelles Roadless Area. The 4,600-nT contour of this low probably
outlines most of the mass of a deep-seated body of metamorphic rocks.
Substantial exposures of metamorphic rocks occur within the low along the edge
of the roadless area and one mile to the east as shown on the geologic map of
the Markleville quadrangle (Armin and others, 1981). A similar complex
magnetic low 15 mi to the south-southwest (Plouff and McKee, 1981) also
reflects the low magnetization of metamorphic rocks compared to the moderate
to strong magnetization of the surrounding plutonic rocks.

Laboratory measurements (table 1) and supplementary fluxgate magnetometer
measurements of hand samples indicate some variation in the magnetization
within the metamorphic rocks, but 8 of 10 samples exhibit very low
magnetization. The rather elliptical shape of the low is interrupted by rocks
of higher magnetization only at Stevens Peak, which consists of a Tertiary
andesite plug, and near the West Fork of the Carson River, where the Carson
Pass Tonalite of Parker (1961) crops out (Armin and others, 1981). The
andesitic lahars that crop out at Red Lake Peak and to the west and along the
south and east edges of the magnetic low are evidently not very thick or have
low magnetization, because the magnetic contours are not appreciably deflected
near topographic highs. Narrowing of the magnetic low at Red Lake Peak and
along a ridge crest 2.5 mi to the southeast (hilltop 8268 ft), however,
indicates possible accentuation of the magnetic low by local accumulations of
reversely magnetized metamorphic rocks. The minimal magnetic effect of the
Burnside Lake Adamellite of Parker (1961) near the east end of the low and
farther to the north reflects its lower magnetization compared to other
sampled plutonic rocks. The outcrops of this pluton seem too extensive to be
a thin veneer in the area between the large magnetic low and the smaller
magnetic low near the line between the Burnside and Cal-Pine mines where
metamorphic rocks crop out.

A fairly simple model that represents three underlying bodies with
contrasting magnetizations could account for the observed magnetic low
(fig. 2). A two-dimensional model that shows good agreement with the observed
anomaly consists of plutonic rock of higher than normal magnetization (2.5
A/m) at the southwest part of profile A-A’, metamorphic rocks of negligible
magnetization near the center, and weakly magnetized (0.5 A/m) plutonic rocks
to the northeast. Unlike the metamorphic rocks near the center of the
profile, the metamorphic rocks at the southwest end of the profile are likely
to have a relatively high magnetization, because they consist of metadiorite
and metagabbro (McKee and Howe, 1980). Though other configurations and
combinations of contrasts in magnetization could achieve comparable agreement
with the observed anomaly, the following constraints are suggested by this
model. The primary cause of the magnetic low is a large body of metamorphic
rocks that extends thousands of feet beneath the ground surface. Though two
samples have strongly reversed magnetization, the overall magnetic low can be
fit by assuming generally very weak magnetization and locally inconsistent
directions of remanent magnetizations. The base of the metamorphic rocks may
be near sea level as shown, may extend at least 4,000 ft deeper as indicated
by other models not shown here, or may be—-with a more complex combination of
model parameters--somewhat shallower.

The near—surface 1location of the contact between the main mass of
metamorphic rocks and the surrounding plutonic rocks 1s in a zone between the
4,600-nT magnetic contour, which is located between Brewers mine and Alhambra
mine, and 0.3 mi northeast of the 4,600-nT contour as indicated by outcrops
along profile A-A’. Therefore, though concealed beneath volcanic rocks, the
main mass of metamorphic rocks extends about 2 mi into the Dardanelles
Roadless Area. Furthermore, the contact between the metamorphic and the
surrounding plutonic rocks probably is located between the 4,600- and 4,700-nT
magngtic contours, which enclose the prominent magnetic low.
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Table l.--Densities and magnetizations of rock samples

[NC, number of cores from sample. DEN, bulk density in g/cm3. K, magnetic
susceptibility in Standard International Units (siu) times 1,000. S, standard
deviation of preceding number. J; (=KH), induced magnetization in amperes per
meter (A/m), assuming that H, the Earth’s normal magnetic field is 41.5 A/m
(equivalent to 0.522 oersted). J., remanent magnetization in A/m. Jp = J4 +
Jp, total magnetization in A/m, assuming J, is parallel to Earth’s magnetic
fielde Q = Jr/Ji' D, declination of remanent magnetization. I, inclination
of magnetization. Remanent magnetization measurements by K. S. Grafft and R.
F. Sikora.]

Sample Geologic
locality Map
on map unit NC DEN K s Ji S Jr S Jr Q
Cretaceous plutonic rocks
1 Kwp: i 22575 418 1.3 1572 005 041 0.11 2.1 0.2
2 Rgl 2 2.80 25.1 0.0 1.04 0.00 0.07 0.00 1.1 0.1
3 Rbm | 202573 ¢ BT 0.5 1.32 0.02 1.09 0.06 2.4 0.8
4 Rbm @1 2,63 9.8 0.41 1.15 1.6 2.8
5 Kbm: 250 2574 2040 048 0:83 ~ 008 - 0:64 0,07 1:5 0.8
6 Kbmi~ 722573 . 3354 1.0 1.39 0.04 0.23 0.06 1.6 0.2
7 Kbm 1 2.74 28,7 1.19 0.36 1.6 103
8 Kbm -2 = 2,70" ' 22,0 0.4 091 0.02  0.17  0.00 1:1 . 0s2
9 Kb =2 2481 ~ 45:1 1.8 ' 1587 0.08 - 0.29 0,16 2.2 0:2
10 Kel: "2 12068 17k 4.3 0.71 . 0418 030 0417 1:0.0:4
1t Kel 2 - 2.70+ 182 03 :0+76 001 0.07 0.01 0.8 0.1
12 KEp =~ 2 772568 « 13253 1,7 1.34  0.07 0.35  0.04 1.7 0.3
13 REp w2 2568123051 120" 10898 004" " 0:14 04027 1.1 0.l
144 Kqd L 296 9157 3.81 4,32 8.1 1.1
143 Kad = 1w 290 7349 3.07 0.73 3.8 0.2
15 Kqd' =2 2485 © 60.2 1.9 . 2:50° 0.08° 0.51 0.11 ‘3.0 0:2
Metamorphic rocks
16 Mm-Sl 2T, 3.4 0.14 -3.10 =3.0 22.
(D =63, I =-51")
17 Mzm ' 2 . 2.85 0:6. 03 - 002 10401 - 0,46  0.59 0.5 20.
(D = 103" + 6%; I = 26"+ 8")
18 Mzm ' 4 2,70 1.4 0.2 0.06 0.01 =3.20 0.59 -3.1 56.
(D= 306° & 1My T==24 4 2%)
19 Mzm 3 -2.79 0.6 0.1 0.02 0.00 0.05 0.02 0.1 2.1
(D = 334" + 13°; 1L =61%%3")
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magnetization in the direction of the Earth’s normal field, which is indicated by an
arrow.
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