U.S. DEPARTMENT OF THE INTERIOR : MISCELLANEOUS FIELD STUDIES

U.S. GEOLOGICAL SURVEY MAP MF-2226-B
SHEET 1 OF 2

162°00'
= . 159°00'
it T .’ / o 763 NACH G | O A5 = =u_ Sy ; - TR 3 101700 s — - = =T T TETE - ; —v ; = 7 ; 7 7 R R = | i/ C N\ ShA STE EXPLANATION

Isostatic gravity anomaly contour—Reduction
density 2.67 g/cm3. Terrain corrections from 0.39
km to 166.7 km. Assumed thickness of normal
crust 25 km. Assumed density contrast of crust
with upper mantle 0.4 g/cm3. Contour interval 5-
mGal. Hachures indicate gravity low. Contours
were generated based on a 2-km grid derived from
scattered gravity data

34 Gravity station—Showing anomaly value
Maximum horizontal gradients
0 0.23 to 1.3 mGal/km
) 1.3 to 3.7 mGal/km
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: f : ‘ 3 ' ‘ ' & ' : : 744 ’ . ; This report presents a complete Bouguer and an isostatic gravity map of
the Bethel and southern part of the Russian Mission quadrangles in
southwestern Alaska. This report is one part of a folio on the geological,
geochemical, geophysical, and mineral resource assessment studies of this
area prepared as part of the Alaskan Mineral Resource Assessment Program
(AMRAP) of the U.S. Geological Survey (USGS).

These quadrangles are near the mouth of the Kuskokwim River and are
bounded by 60° to 61°15 north latitude and by 159° to 162° west longitude.
Most all of the data used in producing these maps were collected as part of a
regional mineral assessment of the area.

The Bethel and southern part of the Russian Mission quadrangles map
area is divisible into three physiographically distinct areas. The west half of
the map area consists of a low-relief alluvial plain underlain entirely by
unconsolidated Quaternary deposits. The southeastern one-ninth of the map
area consists of steep, glaciated mountainous terrain with up to 1,525 m of
relief and with nearly 100 percent bedrock exposure, dissected by broad, flat-
bottomed glacial valleys. The intervening area consists of hilly to mountainous
terrain with low to moderate relief and with a semicontinuous colluvial or
frost-shattered bedrock cover, variably dissected by broad glacial, glacial
outwash, and alluvial valleys. Bedrock in this central area is exposed as
isolated knobs on ridges, on locally glaciated valley or cirque walls, and in
present-day stream cutbanks (Box and others, 1993).
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GRAVITY DATA

Approximately 419 gravity measurements were made in the study area as
part of AMRAP during 1987, 1988, and 1989. These data were added to data
from 138 gravity stations that were previously in the area.

The majority of the gravity stations were accessed with the use of a
helicopter, but some were accessed with a fixed-wing aircraft on skis, and
some with watercraft. Gravity base-station control was established with
LaCoste and Romberg gravity meters as were most of the data points. Field
gravity bases were established with ties to one or more bases in Aniak,
Anchorage, Bethel, Dillingham, and Fairbanks, and the observed gravities of
these field bases are probably good to within £0.1 mGal. About 25 stations
were measured with a Worden gravity meter, which drifts much more than
LaCoste and Romberg meters, but the data appear to be reliable. Drift control
was calculated assuming linear drift between successive base readings. The
accuracy of the observed gravities at individual gravity stations are generally
good to within +0.2 mGal for 90 percent of the data.

Elevation control, for the most part, was done with altimetry with backup
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A o processing improved the accuracy of altimeter elevations. Using barometry is
' a better technique than presuming linear drift between known elevations.
Altimeter elevations are probably accurate to within 15 m for 80 percent of the
stations, which would correlate to +3.0 mGal in the anomaly. Locations of
gravity stations were plotted on 1:63,360-scale USGS topographic maps in the
field.

Data used to make these maps (Morin, 1994) are based on the 1971 datum
(IGSN71), (Morelli, 1974, p. 18) with data reduced according to the Geodetic
Reference System 1967 (GRS 67), (International Association of Geodesy, 1971,
p. 58) with a density of 2.67 g/cm3. Terrain corrections (Plouff, 1977) were
computed for the area from 0.39 km to a radial distance of 166.7 km from each
gravity station using a digital terrain model. Map elevations at the station
locations were used for calculating the terrain corrections. Most digital terrain
data for Alaska are taken from manuscript 1:250,000-scale USGS topographic
maps made from 1:63,360-scale USGS topographic maps. At the time of the
production of these terrain files, in the 1970's, several of the 1:63,360-scale
topographic maps in the mountainous areas of the study area were not
available. These areas were filled in with the best mapping available at the
time, which were the 1:250,000-scale USGS reconnaissance topographic maps
published in the 1940's and 1950's and the, then current, aeronautical charts.
The 1:63,360-scale USGS topographic maps have since been published,
however, major discrepancies with the digital terrain are apparent. To improve
the quality of the terrain and, thus, the terrain corrections, much of the study
area with poor terrain quality was redigitized by hand using present-day
1:63,360-scale USGS topographic maps (Morin, 1993). This involved
estimating the average elevations of over 19,000 1/4-minute by 1/2-minute
compartments. Isostatic corrections were made with a modified version of a
FORTRAN program (Jachens and Roberts, 1981) that assumes an Airy-
Heiskanen model with the following parameters: density of topographic load,
2.67 g/cm?; crustal thickness at sea level, 25 km; density contrast across the
base of the model crust, 0.4 g/cm3. Taking into account the accuracy of the
terrain corrections, which are estimated to be +1.0 mGal and the elevation
accuracy, anomaly values are probably good to within +4.0 mGal for 80
percent of the data, which would justify using a 4-mGal or greater contour
interval.
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GRAVITY MAPS

Complete Bouguer and isostatic gravity maps were produced by gridding
the data using surface display with a 2-km spacing and contouring these grids
with a 5-mGal contour interval (Briggs, 1974). A 15-minute border of data to
the north and south and a 30-minute border to the east and west were used
in the gridding to control contours near the edge of the maps. About 800 data
points were used to produce the grids. The gravity anomaly values are shown
below the station location on the maps.

The isostatic gravity map is a derivative of the complete Bouguer gravity
map. Isostatic corrections are added to remove the buoyancy effect of rocks
below a certain depth. The Alaska gravity data set uses a depth of 25 km below
sea level as the arbitrary bottom of the crust. Generally, the isostatic
correction increases with elevation. The western part of the study area is near
sea level so the isostatic corrections are very small, thus the western part of
both maps look very similar. Much of the eastern part of the study area is well
5 above sea level, thus a positive isostatic correction is added. Because the

15'
complete Bouguer anomaly values are negative in this area, the isostatic
values become more positive, producing a map with a much flatter gravity field
in the mountainous areas.
MAXIMUM HORIZONTAL GRADIENTS
Maximum horizontal gradients shown on maps as hexagons and are called
max spots. They are derived from the grids used to produce the gravity
contours. Blakely and Simpson's technique (1986) calculates horizontal
gradients of the gridded data. Maximum gradients generally trace the
boundaries of different density bodies. These maps show two different size
hexagons, each represents the gradients in milligals per kilometer (mGal/km)
of the gravity field. The smaller hexagons represent gradients less than the
average gradient, which usually indicate edges of bodies of similar densities or
variations of densities within a body. The larger hexagons represent gradients
larger than the average gradients, which show larger density differences in
adjoining bodies. Many of these gradients are good indicators of faults with
major offsets. The Golden Gate, Karl Creek, and Sawpit Faults or
combinations of parts of each can be traced fairly closely to their mapped
surface locations with hexagons representing maximum horizontal gradients.
Near the center of both maps is a closed gravity low. The max spots on both
maps, but with larger hexagons on the isostatic map, generally outline the
Nukluk volcanic field indicating that these rocks have a lower density than the
surrounding rock units. Northeast of the Nukluk volcanic field near the north
edge of the map is a gravity low associated with the Nyac pluton. The max
spots encircle the northern part of the pluton, north of the Tuluksak River.
This suggests that this part of the pluton is much thicker than the southern
part. Generally, the pattern of max spots are very similar on the two maps, but
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