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80. 

as 25 percent of the gravity effects due to the vertical density 
variations. In other areas of the Midway-Sunset oil field and in 
the Kern River oil field where lateral density variations are 
believed to be small, density and porosity profiles calculated from 
borehole gravity surveys are compared to core analyses and 
conventional open-hole logs in order to maximize formation 
evaluation. Borehole gravity measurements made at equivalent 
subsurface elevations in a series of wells across the Thirty-Five 
Anticline in the Midway-Sunset oil field illustrates the change in 
form of a gravity anomaly with increasing depth. 

______ 1979, Borehole gravity study of the density and porosity of 
selected Frontier, Tensleep, and Madison reservoirs in the Bighorn 
Basin, Wyoming [abs.]: American Assoc. of Petroleum Geologists 
Bulletin, v. 63, no. 5, p. 822. 

Borehole gravity surveys in'. the Gebo, Garland, and Big Polecat 
oil fields of Wyoming uniquely assess the density and porosity of 
the reservoir and associated rocks. 

Interval density and porosity profiles determined from the 
Bighorn basin surveys were compared with gamma-gamma density logs, 
neutron porosity logs, and density and porosity measurements of core 
samples. .Discrepancies between the density and porosity methods 
arise because borehole gravity, owing to its large radius of 
investigation, measures an average porosity that includes the 
irregularly distributed component (e.g., vugular porosity· of 
reservoir rocks in the Madison· Limestone at Garland) which is less 
effectively evaluated by conventional shallow-penetration logs or 
core samples. Other discrepancies are usually due to the inherent 
limitations of one or several of the methods and are mostly 
dependent on the composition and coherence of the rocks. 

Variations in the contribution of fracture porosity to total 
porosity in the Tensleep Sandstone reservoir at Gebo are masked by 
much larger fluctuations in intergranular porosity caused by 
differences in the cementation and abundance of dolomite. Whatever 
the cause, the magnitude of fracture porosity is probably below the 
threshold of detection with borehole gravity. High-porosity (>15 
percent) and/or gas-filled sandstone �u�~�i�t�s�,� principally in the 
Frontier Formation, were easily. detected behind casing in the three 
oil fields. An abrupt and possibly widespread downward increase in 
porosity in the upper part of the Frontier Formation ·.may (1) reflect 
lithologic and mineralogic variations owing to changes in the 
depositional environment, (2) be related to a prev-iously proposed 
unconformity, and (3) have exploration significance. 

___ 1980, Benefits . of borehole . gravity studies in the San Joaquin 
Basin, and suggested future work [abs.]: Program 54th Ann. 
Meeting, Pacific Sections, AAPG-SEPM-SEG, Bakersfield, 
California, April 9-11, p. 61. 

Seventeen borehole gravity surveys and related studies made by 
the Geological Survey in five oil fields in the southern San Joaquin 
Basin have yielded the following results. Confirmation of high 
precision borehole gravity measurements and detection of dry gas and 
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81. 

oil sands behind casing were first demonstrated in 1968. Borehole 
gravity measurements were analyzed in structurally complex sections, 
where anomalous vertical gravity gradients are significant, in three 
separate studies in the Twenty-five Anticline and Santiago areas of 
the Midway-Sunset oil field and the Lost Hills oil field between 
1969 and 1975. Comparisons of density and porosity profiles, 
calculated from borehole gravity surveys, with conventional core 
analyses and open-hole logs in shallow, poorly consolidated rocks 
were completed in 1976. Results not previously shown of a borehole 
gravity survey in a northeast flank well at Elk Hills reveal shallow 
gas sands and generally low porosity in the uppermost Miocene 
section at this location. 

Future uses of borehole gravity in the San Joaquin Basin may 
profitably focus on (1) confirmation of subtle porosity changes 
associated with diagenesis and facies changes, (2) evaluation and 
calibration of conventional open-hole porosity logs in cases where 
they are insufficiently precise or unreliable, (3) monitoring of 
fluid conditions in high porosity reservoirs, and (4) in special 
cases, detection of laterally adjacent reservoirs missed by the 
drill. The maximum temperature limit of the borehole gravity meter 
(about 115°C) will continue to limit the depth to which surveys can 
be made, until a sonde is developed that will shield the gravity 
meter against higher downhole temperatures. 

Beyer, L. A., and Clutsom, F. G., 1978a, Borehole gravity survey in the 
Dry Piney Oil and Gas Field, Big Piney-LaBarge area, Sublette 
County, l.fyoming: u.s. Geological Survey Oil and Gas Investigations 
Chart OC-84, 2 pl., 12 p. 

This report analyzes rock density and porosity changes through 3,000 
ft of Paleozoic rocks and 2,000 ft of underlying Cretaceous rocks, 
separated by the Hogback thrust in western Wyoming in terms of 
lithology, age, and possible structural effects. 

Comparisons with open-hole logs are made, and a comprehensive 
explanation for the reduction and precision of the borehole gravity 
measurements is given. 

82. 1978b, Density and porosity of oil reservoirs and overlying 
formations from borehole gravity measurements, Gebo Oil Field, Hot 
Springs County, Wyoming: u.s. Geological Survey Oil and Gas 
Investigations Chart OC-88, 3 pl., 16 p. 

This report interprets rock density and porosity changes through 
5,083 ft of Pennsylvanian to Late Cretaceous rocks in the Big Horn Basin 
in terms of lithology, age, depth of burial, facies changes and probable 
pore-fluid content. 

Comparisons with open-hole logs are made, and a comprehensive 
explanation for the reduction and precision of the borehole gravity 
measurements is given. 

83. 1980, Density and porosity of Upper Cretaceous through Permian 
formations from borehole gravity measurements, Big Polecat oil and gas 
field, Park County, Wyoming: U.S. Geological Survey Oil and Gas 
Investigations Chart OC-103, 3 pl. 
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This report analyzes rock density and porosity changes through 5,359 
ft of Permian to Late Cretaceous rocks in the northern Big Horn Basin in 
terms of lithology, age, depth of burial, facies changes, presence of 
coal, and probable pore-fluid content. Comparisons with open-hole logs 
are made and a comprehensive explanation for the reduction and precision 
of the borehole gravity measurements is given. 

84. Bhattacharji, J. C., 1963, Investigation of the vertical gradients of 
gravity measured inside the Earth, .!!!. Geophysical exploration, a 
symposium·, Baroda, India, 1959: Proceedings Council of Scientific 
and Industrial Research, New Delhi, India, p. 39-46. 

Vertical gradients of gravity have been reduced from observations 
carried out with the Frost gravimeter at various depths inside the 
Nundydroog mine in the Kolar Gold Field in Mysore, in 1948. These 
results have been found to be in general agreement with those derived on 
theoretical consideration. 

Densities of finite intervals of underground rock strata have been 
determined from the measured vertical gradients. Though the results 
have shown slight discordance with the measured densities, yet these are 
likely to be more representative and as such may prove more adequate for 
the purpose of gravity prospecting than what are ordinarily obtained 
from measurements of rock samples. 

85. Bradley, J. W., 1975, The application of the. borehole gravimeter to the 
evaluation and exploration of .oil and gas reservoirs: Preprint, 
SEG 45th Annual Meeting, Denver, Colorado, 8 p., 7 fig. 

In recent years, Amoco Production Co. has evaluated approximately 
80 wells with the La Coste-Romberg borehole gravimeter. A large number 
of these surveys have been in the search for and evaluation of 
commerical hydrocarbon reservoirs. Additional surveys have provided 
background density information ~or geophysical and geological 
evaluations, including surface gravity interpretation and seismic 
modeling. 

There are two primary applications in which the BHGM has been run 
routinely with economic success. The first takes advantage of: the 
BHGM' s capability to operate in the presence of casing, distinguit:?hing 
between shallow dry gas and fresh w~ter sands·, in the Gulf Coast. The 
second application involves reservoir definition in lime reef 
environments. Fracture porosity, as well as porosity in proximity to 
the well bore, has succesfully been isolated where normal logging 
procedures have failed. This applic~tion has been especially successful 
economically. 

86. 1976a, The application of the borehole gravimeter to the evaluation 

13-a. 

and exploration of oil and gas resevoirs [abs.]: Geophysics, v. 41, no. 
2, P• 344. 

See report no. 85 for abstract. 

______ 1976b, The commercial application and interpretation of the 
borehole gravimeter, ...!!! Jantzgen, R. E., ed., Tomorrow's oil from 
today's provinces: American Assoc. Petro. Geologists, Pacific 
Section, Miscellaneous Pub. 24, p. 98-109. 
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87. 

See report 13-a for abstract. 

Cook, A. H., and Thirlaway, H.I.S., 
Bristol and Somerset Coalfields: 
107, pt. 3, P• 255-286. 

1951, A gravimeter survey in the 
Geol. Soc. London Quart. Jour., v. 

Gravity measurements in the Bristol and Somerset coalfields are 
described and discussed. Accounts are given of the methods of measuring 
gravity, of calculating the gravity anomalies and estimating the 
densities of rocks. It is shown that the variations of gravity 
correspond in a general way to the geological structure of the 
coalfields but that discrepancies in detail indicate that the anomalies 
are partly due to structures lying below the coalfields which may have 
controlled the development of sedimentation and deformation in the 
region. Detailed studies were made in the neighborhoods of Bitton, Chew 
Stoke, Stan Easton and Avonmouth with a view to assisting the planning 
of a boring programme for the development of the coalfields in these 
areas. 

17-a. Domzalski, w., 1954, Gravity measurements in a vertical shaft: Bull. 

88. 

18-A. 

Inst. Mining and Metallurgy Trans. 571, v. 63, p. 429-445. 

See report no. 17-a for abstract. 

_______ 1955a, Three dimensional gravity survey: Geophysical Prospecting, 
v. 3, no. 1, p. 15-55. 

The paper describes and discusses the results of an experimental 
gravity survey which was carried out underground on different levels of 
a mine, in the mine shafts, and on the surface above the mine workings 
in Cumberland, England. 

Gravity measurements in the shaft give attention to the particular 
problem of the terrain corrections underground. The interval densities 
from gravity measurements in the shafts are computed and adjusted in 
accordance with known geology and compared with the stratigraphical 
columns of the shafts. The effect of the ore body on the stations in 
the shaft is derived theoretically and compared with the observed one. 

The gravity contours are constructed on different levels in the mine 
workings and on the surface and are discussed in relation to the known 
extent of the ore body and known geology including faulting. 

The densities computed from the gravity measurements are compared 
with the laboratory determinations of the densities, carried out on 
samples from different parts of the mine. 

The contours on the top of the base formation are constructed from 
the information obtained from the boreholes, and are compared with the 
gravity contours on the surface above. 

A simple method of computation of the effects of slabs and blocks is 
presented as applied to the calculation of the corrections for 
underground drifts and faults. 

----~195Sb, Relative determination of the density of surface rocks and 
the mean density of the earth from vertical gravity measurements: 
Geophysical Prospecting, v. 3, no. 3, P• 212-227. 
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See report no. 18-a for abstract. 

89. Drake, R. E., 1967, A surface-subsurface measurement of an anomaly in the 
vertical gradient of gravity near Loveland Pass, Colorado: Univ. of 
California at Riverside, unpub. MS thesis, 41 p. 

90. 

The validity of using the theoretical normal value of the vertical 
gradient of gravity in the free-air correction of gravity data is 
questionable due to the magnitude of local variations in this value. 

Surface-subsurface measurements of the actual vertical gradient 
along. an 8,300 foot tunnel line at an approximate elevation of 12,000 
feet near Loveland Pass, Colorado, were made using a gravimetrically 
determined density of 2. 76 gm/cc for the intervening mass of rock. 
The results show an anomaly in the normal vertical gradient of gravity 
ranging from +0.04 to +3.7 percent. 

It is concluded that the magnitude of observed anomalies in the 
vertical gradient in the area are too great to be ignored. This is 
particularly true at high elevations, and errors introduced by these 
anomalies in: the vertical gradi.ent may be minimized by reducing 
gravity data ·to a local datum rather than sea-level, and by making 
individual vertical gradient measurements at .each gravity station. 

Farlay, D. G., 1971, Application of the downhole gravity 
porosity determination: Preprint, Libyan Assoc. of 
Technologist 7th Annual Meeting, p. 1-20. 

meter for 
Petroleum 

A high precision downhole gravity meter developed by Esso Production 
Research Co. has been run in a number of Esso Libya wells in an attempt 
to improve the reliability and accuracy of porosity determinations in 
vuggy limestone and fr~ctured quartzite reservoirs. In general, 
porosities determined from the gravity meter were higher than -those 
determined previously from sonic logs using conventional interpretation 
relationships. When a relationship between porosity values and sonic 
log readings--established with density data--was used in calculating the 
sonic logs, porosities for specific intervals sometimes gave poor 
agreement with those from the downhole gravity meter, but the average 
thickness-weighted values gave good agreement. · 

91. Fausset, N. E., and Butler, David, 1979, Computer modeling of the 
theoretical borehole gravity response in the vicinity of the Aneth 
Field, Paradox Basin [abs.]: Ge~physics, v. 44, no. 3, p. 370. 

Borehole gravimetry has prove~ useful as a petroleum reservoir 
evaluation tool in that calculations from precise gravimeter 
measurements yield accurate determinations of average rock density in 
situ. However, independent knowledge of rock densities throughout a 
penetrated section may permit separation of gravitational effects 4ue to 
rocks intersecting the borehole and rocks remote from the borehole. In 
this manner, the borehole gravimeter may be used as a remote sensing 
tool and provide unique opportunities in geophysical exploration. 

By adapting Talwani's algorithm for computer use, the gravitational 
effects of various shaped 3-D bodies may be easily calculated. 

The Aneth field of the Paradox basin was chosen as a model because 
of the sharp lateral density contrast between the reservoir and the 
surrounding country rock. 
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Due to the small relief and the large areal extent of the reservoir, 
it was modeled as two abutting semi-infinite sheets. The vertical 
component of attraction was then calculated in hypothetical boreholes at 
various distances from the reservoir edge. Results from this idealized 
model indicate the Aneth field may be detected by borehole gravimetry up 
to 450 ft from its boundary. 

Although these results show that the borehole gravimeter is not 
significantly affected by bodies at large distances from the wellbore, 
they also show that the remote sensing of anomalous masses is possible 
for concise bodies marked by large density contrasts. 

92. Gibb, R. A., and Thomas, M. D., 1980, Density determinations of basic 
volcanic rocks of the Yellowknife supergroup by gravity measurements 
in mine shafts--Yellowknife, Northwest Territories: Geophysics, v. 
45, no. 1, p. 18-31 • 

21-a. 

Gravity measurements were made in two gold mine shafts sunk in the 
Archean Yellowknife greenstone belt to determine the in-situ densities 
of basic volcanic rocks of the Kam format ion, Yellowknife supergroup. 
Densities were computed using the terminology of borehole gravimetry 
with appropriate corrections for surface terrain and underground voids 
such as shafts, drifts, and stopes. These values are compared to values 
from rock samples. 

Hammer, Sigmund, 
measurements: 

1950, Density determinations by underground gravity 
Geophysics, v. 15, no. 4, p. 637-652. 

See report no. 21-a for abstract. 

93. Head, W. J., and Kososki, B. A., 1979, Borehole gravity: a new tool for 
the ground-water hydrologist [abs.] : Trans. American Geophysical 
Union, v. 60, no. 18, p. 248. 

The basic principles that have made the borehole gravity meter 
useful to the energy industry can also be applied to ground-water 
investigations. 

The results of borehole-gravity surveys in the Madison Limestone of 
northeast Wyoming and in an alluvial aquifer at the Nevada Test Site 
provide two examples that illustrate the value of BHGM logging 
techniques. In the Madison Limestone, the neutron .log recorded zones of 
relatively high porosity, which borehole televiewer logging indicated 
were the result of secondary porosity development. In some instances, 
on the basis of borehole gravity data, the authors concluded that this 
secondary porosity was only of local extent and did not represent zones 
of high water production. This conclusion was subsequently supported by 
flow tests. 

In the alluvial aquifer, the invasion of drilling fluids and hole 
rugosity seriously degrade the quality and hence the interpretation of 
conventional wire-line logs. In this case, the BHGM with its relatively 
large radius of investigation, which minimizes the effects of near­
borehole conditions, proved to be a superior logging tool. 
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94. Healey, D. L., 1970, Calculated in situ bulk densities from subsurface 
gravity observations and density logs, Nevada Test Site and Hot 
Creek Valley, Nye County, Nevada .!!!.. Geological Survey Research 
1970: U.S. Geological Survey Professional Paper 700-B, p. B52-B62. 

28-a. 

66-b. 

At the Nevada Test Site and Hot Creek Valley a borehole gravity 
meter was used to log four holes, and standard gravity meters were used 
to log five 48-inch-diameter holes and a vertical shaft. Three holes 
(Ue2y, test well B, and UCe-18) and the US! shaft penetrated alluvium, 
and six holes penetrated Tertiary volcanic. rocks on Pahute Mesa. The 
weighted average densities determined in the holes and shaft in alluvium 
are 1.94, 1.69, 2.22, and 2.05 g/cc, respectively; the density 
determined in five of the six holes in Tertiary volcanic rocks ranged 
from 1. 98 to 2. 06 g/cc. One hole (UE19n) penetrated a thick ash-flow 
tuff that averaged 1.51 g/cc. Density logs were taken in 10 additional 
holes. In Yucca Flat the mean density of more than 7,000 feet of 
alluvium is 2. 01 g/ cc, and in Hot :Creek Valley the mean of more than 
18,000 feet is 2.18 g/cc. 

Hearst, J. R., and McKague, H. L., 1976, Structure elucidation with 
borehole gravimetry: Geophysics, v. 41, no. 3, p. 491-505. 

See report no. 28-a for abstract. 

Heintz, K. 0., and Alexander, M., 
hole and surface gravity [abs.]: 

1979, Sulfur exploration with core 
Geophysi~s, v. 44, no. 3, P• 370. 

See report no. 66-b for abstract. 

95. _Jung, Heinrich, 1939, Dichtebestimmung in anstehenden Gestein durch 
Messung der Schwerebeschleunigung in verschiedenen Tiefen unter 
Tage: Zietschr. Geophysik, v. 15, p. 56-65. 

Density determinations in the solid rock through measurement of the 
gravity acceleration at differing depths beneath the surface. 
Me·asurements were made in the Wilhelms Shaft near Clausthal, Germany. 

96. McCulloh,. T. H., 1965, A· confirmation by gravity measurements of an 
underground density profile based on core densities: Geophysics, v. 
30, no. 6, P• 1108-1132. 

Accurate laboratory measurements of dry bulk densities of 79 samples 
. of Paleozoic sedimentary rocks from a 2, 851-ft deep core hole near 

Barberton, Ohio, are the basis of a vertical profile of "natural" 
density which differs on the average 0.013 gm/cm3 or less from a profile 
of· in-situ density calculated from :gravity variations observed using a 
LaCoste and Romberg grayimeter in , an adjacent 2, 247-ft-deep vertical 
mine shaft. Both profiles agree well with the most meaningful Barberton 
core sample densities reported by Hammer (1950, Fig. 3; report no. 21-
a), but are significantly lower than in-situ interval densities 

I 

calculated by Hammer from gravity variations observed in the shaft using 
a Gulf gravimeter. The 0·.13 gm/cm3 average discrepancy between the old 
and new in-situ density· profiles is probably attributable to a 12-
percent error in calibraf~on of the Gulf gravimeter. 
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41-a. 

The close agreement between the new profiles of "natural" and in­
situ density suggests that changes in bulk volume of compact sedimentary 
rocks that occur during or following the coring process are probably 
ordinarily so small that properly constructed core sample density 
profiles are reproducible and reliable even when small numbers of 
samples of aged cores are used. 

McCulloh, T. H., Kandle, J. R., and Schoellhamer, J. E., 1968, 
Application of gravity measurements in wells to problems of 
reservoir evaluation: SPWLA 9th Annual Logging Symposium Trans., p. 
01-029. 

See report no. 41-a for abstract. 

42-a. Miller, A. H., and Innes, M. J. S., 1953, Application of gravimeter 
observations to the determination of the mean density of the earth 
and of rock densities in mines: Canada Dominion Observatory, Ottawa 
Pubs., v.16, no. 4, p. 3-17. 

See Report no. 42-a for abstract. 

97. Plouff, Donald, 1961, Gravity profile along Roberts Tunnel, Colorado: 
u.s. Geological Survey Professional Paper 424-C, p. C263-C265. 

This report discusses density determinations from gravity data 
collected in and above the Harold D. Roberts Tunnel east of Dillon, 
Colorado. This study is part of a regional gravity survey of the 
Colorado Rocky Mountains. 

98. Rasmussen, N. F., 1975, The successful use of the borehole gravity meter 
in northern Michigan: The Log Analyst, v. 16, no. 5, p. 3-10. 

47-a. 

Borehole gravity surveys have been used in Northern Michigan to make 
producers out of otherwise dry holes. lvells which are drilled in thick, 
tight, salt-plugged reefs may have encountered a very restricted, tight 
facies. The borehole gravity survey can be used to detect nearby 
porosity. Such porosity zones can be entry beds to the main 
reservoir. The basis for qualitative interpretation is to determine the 
sidewall lithology and then evaluate which rock parameters could vary 
laterally to change bulk density. Porosity changes produce distinct low 
density deflections on gravity log plots. The bases for quantitative 
evaluations are the results of computer models or of simple cylindrical 
models. The maximum distance to a porous zone can be calculated using a 
cylindrical or ring-shaped model. 

Rische, Hans, 1957, Dichtebestimmungen im 
Gravimeter und Drehwaagemessungen unter 
Forschungshefte, C35, 84 P• 

See report no. 47-a for abstract. 

Gesteinsverband durch 
Tage: Freiberger 

99. Robbins, s. L., 1979, Density determinations from borehole gravity data 
from a shallow lignite zone within the Denver Formation near 
Watkins, Colorado: SPWLA, 20th Annual Logging Symposium Trans., p. 
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JJ1-JJ20. 
Two 50- to 55-meter-deep test holes near Watkins, Colorado, 

penetrate through an 8-meter-thick lignite zone within the upper 
Cretaceous and Paleocene Denver Formation. These test holes were 
surveyed using a borehole gravity meter and the principal facts along 
with a summary of data-interpretation relationships and data accuracies 
are presented. Conclusions derived from the BHGM data and comparisons 
of these data with gamma-ray and gamma-gamma logs are as follows: 
(1) The lignite densities are in the 1.3- to 1.4-g/cm3 range, with 
differences between the BHGM density values and gamma-gamma density 
values for these zones ranging from 0.2 to 0.3 g/cm3 higher for the 
gamma-gamma values. (2) These differences are probably caused by both 
mud invasion into parts of the lignite seams and a (Z/ A) ratio in the 
gamma-gamma log reduction that is too low. (3) Porosities for the 
clastic sediments are between 27 and 42 percent. ( 4) Water saturation 
of these sediments above the water.· table at the time of the survey was 
about 70 percent. ( 5) Since the ·gamma-ray logs proved to be a poor 
method in this area for ash content determination and the density values 
from the gamma-gamma logs were too high, care must be used when 
interpreting logs from radiation sensitive tools in wells containing 
organic material. 

100. Rogers, G. R., 1952, Subsurface gravity measurements: 
17, no. 2, p. 365-377. 

Geophysics, v. 

Gravity data were obtained at approximately 100-foot intervals in a 
vertical mine shaft 2, 916 feet deep in Arizona. The shaft passed 
through a region of high positive d~nsity contrast, and a local anomaly 
was observed of plus 14.0 gravity units to minus 17.9 gravity units. 
Calculations for Bouguer densities were carried out with the gravity 
measurements. A theoretical sphere that closely approximates the 
observed data and known conditions ts derived from the gravity data. 

101. Schmoker, J. w., 1977a, Density variations in a quartz diorite 
determined from borehole gravity measurements, San Benito County, 
California: The Log Analyst, v. 18, no. 2~ p. 32-38. 

In situ bulk densities were determined in the Stone Canyon 
Experimental No. 1 well, San Benito County, California, using the U.S. 
Geological Survey-LaCoste and Romberg borehole gravity meter. The well 
penetrates granitic rocks of the Gabilan .Range which are highly 
fractured, presumably from the tectonic effects of the nearby San 
Andreas fault. Densities measured in the well varied by 0.30 g/cc. A 
particularly disturbed zone between 497 and 673 ft (151-205 m) was 
found. The borehole gravity method for determining in situ density 
variations appears particularly useful in highly fractured rocks such as 
these found in the Stone Canyon well·. 

102. 1977b, A borehole gravity survey to determine density variations 
in the Devonian shale sequence of Lincoln County, West Virginia: 
U.S. Dept. Energy, Energy Research Center, MERC/CR-77/7, 15 P• 

In situ bulk densities of the Devonian shale section penetrated by 
the Columbia Gas Transmission Corp. 20402 well, Lincoln County, West 
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103. 

Virginia, were determined using the U.S. Geological Survey-LaCoste and 
Romberg borehole gravity meter. Densities from two gamma-gamma logs, 
run by different companies, were also available. A cumulative 
difference of 0.034 g/cm3/1000 ft (0.112 g/cm3/km) exists between the 
two gamma-gamma logs. The two intervals of lowest density derived from 
the borehole gravity data show higher densities on both gamma-gamma 
logs, possibly indicative of the deeper investigation radius of the 
borehole gravity meter. In most intervals, higher gamma-ray intensity 
correlates with lower density, indicating that organic content is the 
primary variable affecting both bulk density and uranium concentration. 

_____ 1979, Interpretation of borehole gravity surveys in a native­
sulfur deposit, Culberson County, Texas: Economic Geol., v. 74, p. 
1462-1470. 

Borehole gravity surveys to determine formation densities were 
conducted by the u.s. Geological Survey in four exploratory wells 
penetrating the native-sulfur deposit at the Duval Culberson property, 
Culberson County, Texas. The borehole gravity meter has a depth of 
penetration comparable to the recovery radius of the Frasch process for 
mining sulfur, which is an advantage for evaluating the sulfur content 
of heterogeneous deposits. Mineralized zones are treated as three­
component systems--bioepigenetic limestone, interstitial sulfur, and 
water-filled pores. A ternary diagram relating combinations of these 
components to borehole gravity densities, together with empirical data 
relating sulfur content and water-filled porosity, are used to estimate 
sulfur volumes from the borehole gravity data. Estimated sulfur 
contents range from 0 to 33 percent. Comparisons with the amount of 
sulfur observed in core and cuttings from the four study wells and from 
surrounding wells show both the positive benefits of a greater range of 
investigation and the negative effects of relying solely on formation 
density as a measure of sulfur volume. Estimates of sulfur content 
based on borehole gravity data can supplement conventional analyses of 
core, as well as standard geophysical surveys of boreholes. 

104. in press, Effect upon borehole gravity data of salt structures 
typical of the WIPP Site (northern Delaware Basin), Eddy County, New 
Mexico: u.s. Geological Survey Oil and Gas Investigations Chart 
oc-. 

This report presents the feasibility of detecting and defining salt 
structures at the WIPP site with borehole gravimetry. Since the gravity 
signal due to salt structures is small and falls off rapidly with 
distance, the meter is not very effective here. 

105. Sumner, J. s., and Schnepfe, R. N., 1966, Underground gravity surveying 
at Bisbee, Arizona~ Mining Geophysics, v. 1, case histories: SEG, 
Tulsa, Oklahoma, p. 243-251. 

During the past fifteen years Phelps Dodge Corporation has actively 
used underground gravity surveying at Bisbee, Arizona. The method has 
proven to be quite useful for purposes of locating and assisting in the 
development of massive sulfide bodies within the district. Host rocks 
for replacement sulfides are fairly uniform in density, being in the 
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range 2.65 to 2.70 gm/cm3• Average densities of sulfide bodies reach as 
high as 4.00 gm/cm3, providing a strong density contrast. 

In development of the gravity station network it was necessary to 
make extensive topographic corrections in order to compensate for nearby 
and overlying mountainous terrain. 

Because of the complex nature of the mine workings, results are 
interpreted quantitatively without regard to corrections for underground 
openings. 

Raw gravity readings are corrected and reduced by applying the free 
air correction, the Bouguer correction, a combined correction, and a 
"sigma" correction. 

Residual gravity values are plotted on level plan maps and these 
values are contoured. 

Vertical sections of gravity data are prepared from level maps. 
These sections are contoured and then interpreted to give a measure of 
"apparent density" by relating vertical gravity gradient to density, 
using the departure from the assumed Bouguer density value. 
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D. Reports containing only basic gravity data and reductions with some 
preliminary density and porosity determinations. 

106. Beyer, L. A., in press, Narrative and basic data of the u.s. Geological 
Survey borehole gravity program (1963-197S): u.s. Geological Survey 
Open-file Report 80-

This report describes the development of the first reliable and 
durable high-precision borehole gravity meter. Also included are basic 
borehole gravity data for 21 surveys made in California and Wyoming 
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