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A B S T h l C T 

The vertical gradient of gravity is the rate of change of gravity in 

the direction of the plumb line. For a vertical borehole interval, it is 

approximated by the ratio of the gravity difference to the height differ-

ence as measured between the end points of the interval. The borehole 

vertical gradient is strongly affected by the densities of the rocks lat-

erally adjacent to the well. Because of this useful effect, vertical 

(gravimetric) density profiles of the rooks adjacent to the borehole can 

be calculated from the borehole vertical gradients. A second useful effect, 

termed the "anomalous" vertical gradient, is caused by non-level equal-

density surfaces related to the local and regional geology. The anomalous 

vertical gradient can enhance exploration beyond the confines of the bore-

hole aithougli it is a small and commonly ngligihle effect. These two use-

ful effects are not determinable with absolute accuracy from observed 

borehole vertical gradients without independent subsurface rock density 

and (or) surface gravity information. 

In this study observed vertical gradients from high-precision, detailed 

gravity surveys made in seven shallow oil wells that penetrate a late 

Cenozoic sequence of marine and non-marine rocks in the Nidway-Sunset Oil 

Field, California, are interpreted to obtain vertical density profiles. 

These gravimetric density profiles are adjusted 1) for anomalous vertical 

gradients calculated from surface gravity maps end, alternatively, measured 

on a portable tower and 2) for small extraneous effects of surface topo-

graphy. The unadjusted and adjusted density profiles are compared with 

density measurements of core samples. 

1]. 



The unadjusted density profiles of six wells are on the average 

systematically greater than core densities by .05 g/cm3. Adjusted profiles 

3 
for the same wells agree with core densities to within .01 g/cm on the 

average. Densities of an adjusted profile of a seventh well are .15 g/cm3 

less than those of the unadjusted profile and are in better agreement with 

core densities by that amount. However, residual systematic discrepancies 

between core and gravimetric densities for this seventh well indicate a 

measurable variation of the anomalous vertical gradient with depth and 

(or) lack of representative core density data. 

Topographic effects and anomalous vertical gradients in borcholes 

are usually small and change slowly with depth but, in some instances, 

may be comparatively large and change rapidly with depth. In the former 

case, gravimetric density profiles unadjusted for these effects can be in 

error by as much as about .05 g/cm3 and, in the latter case, by as much 

3 
as several tenths of a g/cm . In both cases, relative errors between 

neighboring parts of the density profiles are much smaller. 

In cases where the anomalous vertical gradient changes appreciably 

with depth, it cannot be reliably estimated in the borehole from surface 

gravity measurements or from tower gradient measurements, which are es-

pecially sensitive to very shallow local density irregularities. At any 

borehole depth the anomalous gradient can be estimated from the difference 

between core and gravimetric densities of the same borehole interval. The 

core densities must be highly accurate and representative of the interval 

and the gra;imetrc density must he adjusted for topographic effects. 



Measured borehole vertical gradients have precisions of .00025 to 

.00050 mgal/ft (8 to 16 EavOs units) for vertical intervals as small as 

10 feet (3 meters); this meets the most stringent requirements of recog-

nized applications for borehole gravimetry. An ideal borehole density 

logging device would be an in-motion continuously recording vertical 

gravity gradiometer. 

iv 
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I N T R 0 D U C T I 0 N 

1.1 PURPOSE AND SCOPE 

The vertical gradient of gravity is the spatial rate of change of 

1 
gravity in the direction of the plumb line or local vertical. It can 

be approximately determined as an interval vertical gradicnt by 

forming the quotient tg/iz from gravity difference (Lg) and height 

difference (az) measurements made between two points on a plumbline 

(see APPENDTX A) When measured in a vertical borehole the vertical 

gradient varies principally in response to the vertical density 

variations of the laterally adjacent foru'tations (Jung, 1939) . To a 

much lesser though not always immeasurable extent, the borehole 

vertical gradient may be affected anomalously by the local and (or) 

regional geology that generates the anomalous gravity field and 

extraneously by the factors of topography and borehole irregularities 

(Smith, 1950; }Jaminer, 1950; cThi]oh, 1966) 

All useful variations of gravity in horeholes can be 

quantitatively explained by the accurate determination of the 

densities o the laterally adjacent rocks or by the delineation of the 

small anomalous effects caused by the local and (or) regional geology 

(Smith, 1950; McCulloh, 1966). However, when the anomalous effects 

'In geophysics gravity is the vector sum of gravitational and 
centrifugal acceleration and is expressed in gals (I crVsec2) or more 
commonly in milligals (1 mgal = l0 cm/sec2). One milligal is 
approximately one-millionth of the normal gravity of the earth at its 
surface. Gravity gradients usually are defined in Eót'/Os units in 
honor of Hungarian physicist Baron von Eótvös, or in mgal/ft which are 
used in this paper. One Eötvös unit = 10 cm/sec2/cm = mgal/m = 
3.048 x mgal/ft. 
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are of measurable magnitudes, they cannot be uniquely separated from 

the effects due to the densities of the adjacent rocks by analysis of 

the borehole gravity data alone (Smith, 1950; Hammer, 1950; McCulloh, 

1966). 

This paper explores, through a case study of gravity measurements 

made in seven shallow wells in the Midway-Sunset Oil Field, California, 

ways in which vertical gradients measured in boreholes can be analyzed 

in terms of the factors that cause them to vary. The need to examine 

and individually evaluate these factors arose during the late 1960's 

when high-precision borehole gravimeters were developed and 

successfully tested (Howell and others, 1966; McCulloh and others, 

1967a; Beyer, 1968). 

Hammer (1950, p. 647-648) and Smith (1950, p. 609) have suggested 

that anomalous vertical gradients calculated from surface gravity maps 

by established procedures (e. g., Evjen, 1936) could provide 

independent estimates of the small anomalous vertical gradients 

measured in boreholes thereby isolating (in the borehole gravity data) 

the vertical gradients due to the densities of the leterally adjacent 

rocks. As an alternative to this proposal, McCulloh (1966) suggested, 

on the basis of his own work and work by Hammer (1938) and others, 

that Ag/Az measurements on towers above ground also could provide 

estimates of the anomalous vertical gradients in boreholes. The 

apparent successful use of anomalous vertical gradients, estimated 

from Ag/Az derri-7k measurements, in the interpretation of borehole 

gravity measurements by McCulloh (1967d; and others, 1967b, 1968) suggests 

a more comprehensive examination of Ag/Az tower measurements would be 
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worthwhile in conjunction with anomalous vertical gradients caJculated 

from surface gravity maps. Such an analysis would illuminate the 

relative merits of each technique for estimaLing anomalous vertical 

gradients in boreholes. Consequently, as a part of the case study in 

the Midway-Sunset Oil Field, a detailed surface gravity map was 

prepared for the area surrounding the borehole gravity surveys and 

Ag/Az tower measurements were made at seventeen sites. 

A detailed local surface gravity map and regional gravity maps 

were used to calculate the areal distribution of the anomalous 

vertical gradient. Anomalous verLical gradicnLs determined from the 

Ag/Az Lower measurements were compared to this calculated vertical 

gradient map. From these comparisons depth-invariant anomalous 

vertical gradients were estimated for each well which, together with 

calculated effects due to topography, were included in the calculation 

of density logs from the borehole vertical gradient measurements. 

Approaching the problem from the opposite direction, Smith (1950, 

p. 610) and. flcCulloh (1966) suggested that. estimates of densities in 

situ, derived independently from core measurements, could be used to 

evaluate the vertical gradients due to the dcnsities of the adjacent 

rocks thereby isolating (in the borehole gravity data) the small 

anomalous vertical gradients related to the subsurface geology. Work 

by NcCulloh (1965; 1967c, p. A8; and others 1968, Figure 7) suggests that, 

with certain precautionary measures and some exceptions, core analyses 

probably provide a satisfactory knowledge of '9ensities in situ, even 

for relatively soft, highly porous rooks. Consequently, as a further 

part of the case study in the Midway-Sunset Oil Field, laboratory 
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measurements were made of the dry-bulk densities of more than 500 

samples of conventional cores originally taken from wells in the area 

by oil companies. Regression lines were determined from water-

saturated hulk-densities (calculated from these core measurements) and 

compared with the density logs calculated from the borehole gravity 

measurements. 

Two important additional objectives were connected with the 

borehole gravity logcjing phase of the case study. In order to fully 

evaluate the capabilities of the borehole gravimeter a special effort 

(described in detail in APPENDIX E, Part 3) was made to achieve a high 

level of precision in the borehole gravity and depth measurements. 

Additionally, selected sections of the borcholes were logged with small 

z intervals in order to simulate tue density log that would he 

provided by a hypothetical in-motion, continuously recording borehole 

vertical gravity gradiometer. General specifications and the obvious 

advantages of such an in-motion borehole radiometer are discussed 

briefly in the conclusions. 
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1.2 PREVIOUS WORK 

Underground gravity studies probably began with the pendulum 

measurements made during 1826, 1828 and 1854 by Airy (1856) who sought 

to determine the mean density of the earth by measuring the interval 

vertical gradient between the top and bottom of mine shafts (see 

APPENDIX B, equation B16). In order to determine the earth's mean 

density, Airy corrected the pendulum measurements for the gravitational 

effect of the rock section between the pendulum stations after 

estimating its density from laboratory measurements of bulk densities 

of hand samples collected from the shaft walls and after making 

allowances for the effect of the irregular ground surface. Experi-

ments with similar objectives, slightly different procedures and 

improved results were conducted during 1883 and 1885 by von Sterneck 

who swung pendulums at more than two levels in mine shafts and noted 

apparent non-linear changes in gravity with depth that were attributed 

partly to uncorrected temperature effects on the pendulums and 

possibly to "underground variation in density" (Poynting, 1894, pp. 

29-39). Additional work with pendulums underground during the period 

1871 to 1902 is tabulated by Rische (1957, p. 12). 

The difficulty of estimating the density (hence the attraction) 

of the intervening rocks with sufficient accuracy from density measure-

ments of rock samples, together with the inability (due to lack of 

information) to correct for anomalous vertical gradients and the 

relatively poor precisions of the pendulums and time-keeping procedures, 

precluded accurate determinations of the earth's mean density from these 

early experiments. 
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Underground gravity measurements commenced in earnest in the late 

1930's after the development of the portable gravimeter. Since that 

time gravity me.asurements have been made in mine shafts principally 

1) to deteiitiine tlie densities of adjacent rocks (Jung, 1939; Hammer, 

1950; Boclemüller, 1954; Domzalski, 1954; Whetton and others, 1957; 

McLean, 1961; Bhattacharji, 1963; Secor and others, 1962; McCulloh, 

1965; Healy, 1970), 2) to determine the mean density of the earth 

(Milicrand Innes, 1953; Domzalski, 1955b), or 3) to study anomalous 

vertical gradients caused by the large positive density contrasts 

connected with ore bodies (Rogers, 1952; Domzalski, 1955a). 

Sumner and Schnepfe (1966), using gravity maps made on different 

mine levels, constructed "vertical gravity sections" and interpreted 

the resultant veitical gradients in terms of "apparent anomalous 

density". Plouff (1961) and later Drake (1967), in a more carefully 

conducted study, measured gravity differences in and over tunnels in 

areas of extreme topography to determine the density of the 

intervening rock and horizontal variations in the vertical gradient. 

Other underground gravity studies (see e. g., Kazinskii, 1963) and 

subsurface torsion balance work (see a. g., Rische, 1957, pp. 70-81) 

that do not deal explicitly with the vertical gradient are not 

discussed here. 

A new phase of underground gravity research was initiated by the 

development of remotely operated, high-precision (in-hole precision of 

± 0.02 milligals or better) borehole gravimeters in the 1960's (How?ll 

and others, 1966; McCulloh and others, 1967a; 1967b). Recognition of 

the potential uses for such an instrument preceded the developments of 
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the 1960's by at least 20 years (Goodell and Fay, 1964, P. 774) and 

spurred the construction of a nunther of borehole gravixneters (Gilbert, 

1952; Lukavchenko, 1962; Van Melle and others, 1963, p. 475; Goodell 

and Fay, 1964) that had lower precisions and therefore were limited in 

their range of applications (McCulloh and others, 1967a, p. D92). 

Howell and others (1966) report results of borehole gravity 

surveys in three wells that penetrate sand-shale sequences and one 

that passes through a shallow piercement-type salt dome. Indivic1uaJ. 

borehole gravity stations are spaced mostly hundreds of feet aparL in 

these unidentified wells and. the interval vertical gradients are 

converted to interval densities without regard for possible anomalous 

vertical gradients. It is difficult to evaluate these data since no 

core density data, gamma-gamma logs, surface gravity data or other 

ancillary information is provided. Most of the paper is devoted to a 

description of the vibroLing string downhoie gravimeter that has a 

stated precision of about 0.01 mcjal. This instrument was licensed for 

manufacture and commercial service (Oil and Gas Journal, 1966). 

McCulloh (1967d; and others, 1967b, 1960; unpublished data) made 

gravity surveys of six oil wells that penetrate a sequence of late Tertiary 

marine sandstones and siltstones interbedded with minor conglomerates 

and shales in the Santa Fe Springs Oil Field, California. This 

pioneering effort in high-precision borehoj.e gravimetry by the U. S. 

Geological Survey was accomplished with laCoste and Romberg borehole 

gravimeter #1, the same instrument that subseciuently was used in this 

study. In these papers McCulloh discusses the factors that affect 

gravity measured in boreholes, the advantages and disadvantages of 
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borehole gravimetry relative to other types of qeophysical logs, the 

specific results of the borehole gravity surveys, and applications and. 

recommendations for future boreholo gravity work in the exploration 

for and exploitatJon of petroleum deposits0 

At the Santa Fe Springs Oil Field, the areal distribution of the 

anomalous vertical gradient was estimated from Ag/Az measurements made 

on ten to fifteen oil well derricks (McCulloh, 3970, oral 

communication). Anomalous vertical çradients were not calculated from 

surface gravity maps to compare with the ançmalous gradients estimated 

from these Ag/Az derrick measurements. Nevertheless, according to 

McCulloh calculated gravimetric density logs were in better agreement 

with core density data when the derrick-measured estimates of the 

anomalous vertical gradients were taken into account. McCulloh 

applied a "geologic correction" to the results of one borehole gravity 

survey to account for a depth-dependent variation of the anomalous 

vertical gradient. that was suggested by the systematic change with 

depth of the discrepancy between the gravimotric densities and the 

core density data (McCulloh and others, 1968, Figuce 8). Terrain 

corrections, believed to be small or negligible, were not included in 

the published papers. 

Interval densities, calculated from these surveys and corrected 

for the anoialous vertical gradient as determined from Ag/Az derrick 

measurements, genera1J.ywere in good agreement with water-saturated 

bulk densities calculated from dry-bulk density measurements of about 

800 samples of carefully selected conventional cores taken from wells 

in the Santa Fe Springs Oil Field (McCulloh and others, 196Th, Figures 



9 

3 and 4; McCulloh, 1967d, Figure 2; McCulloh and others, 1968, Figure 

7). From these comparisons with water-saturated core densities, 

anomalously low interval densities, indicative of rocks partly or 

wholly saturated with fluids less dense than water, were found in one 

well opposite known, partially depleted oil sands and opposite one 

interval that, on the basis of the borehole gravity survey, was tested 

by recompletion of a nearby well. This tested interval, found to be 

productive, yie1dd about 14,000 barrels of oil during the first ten 

months of pumping (McCulloh and others, 1968, pp. 21-22 and Figures 7, 

10 and 11) 

This successful recompletion test dramatically demonstrated that 

properly made, high-precision borehole gravity measurements, analyzed 

in conjunction with at least some independent grain density and 

porosity data, can delineate hydrocarbons (whose in situ densities are 

sufficiently lower than those of related formation waters) in rocks of 

moderate to high porosity 0.5 to 30 percent). The overall good 

correspondence between gravimetric arid core density data supports the 

earlier contentions of McCulloh (1965, 1967c, p. AS) that properly made 

bulk-density measurements of a sufficiently large number of 

representative samples of conventional cores, including those with 

moderate to high porosity, provide satisfactory knowledge of their 

porosities and densities in situ. The precise and accurate nature of 

the borehole gravimeter and depth measurements also is confirmed by the 

good correspondeice between graviliLetric and core densities and by 

repeatability tests during the surveys. 

Mikhailov (1968) compared a very general vertical density profile 

obtained from gana-gamma logging to one calculated from borehole 
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gravity measurements and attributed the discrepancies between them to 

the anomalous verticals gradient. Mikhailov's results are questionable 

because of the uncertain precision of the gravimeter used and known 

limita'tions of the gamma-gamma log as an indicator of in situ bulk 

density (McCulloh and others, 1968, pp. 15-16). 

Healy (1970) presents the results of high-precision gravity 

surveys made in three boreholes at the Nevada Test Site and one 

borehole in Hot Creek Valley, Nevada, during 1967 by the U. S. 

Geological Survey. All surveys were in Tertiary volcanic rocks and 

alluvium. The interval densities calculated from these measurements 

were used in the interpretation of surface gravity maps (Healy, 1968), 

in studies designed to predict the response of rock sections to 

underground explosions (see e. g., Lessler, 1968), and in the 

evaluation of several types of gamma-gamma "density" logging systems 

(Hearst and Carlson, 1969, Figure 10b; Healy, 1970). Anomalous 

vertical gradients were estimated from Ag/Az r)easurements made on 

headframos at two of the four sites of borehole gravity measurements. 

At the remaining two sites the anomalous vertical gradient was assumed 

to be zero in the density log calculations. No mention is made of the 

precision. or accuracy of these estimates of the anomalous vertical 

gradient and the areal distribution of the anomalous vertical gradient 

was not calculated from surface gravity maps!. Terrain corrections were 

calculated and applied to the borehole gravity observations but no 

mention is made of their magnitudes or their erfects on the calculated 

gravimetric density logs. Comparisons between the gravimetr:i.c density 

logs and saturated bulk-densities calculat,2d from a limited number of 
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core measurements appear to be either favorable or inconclusive. 

Puhlished results of high-precision borehole gravimetric 

measurements are scarce because few high-precision borehole 

gravimeters are in operation. At this writing - May 1971 - a second 

improved version of the LaCoste and Rornberg borehole gravimeter 

operated by the U. S. Geological Survey is being run by a geophysical 

contractor for a consorLiuin of six U. S. oil companies. A third 

similar gravimeter is being readied for delivery to the same 

geophysical contrdctor (LaCoste, 1970, oral corru'nunication). 

author is not aware of other high-precisiol) borehole gravity 

activities in the U. S. or abroad although similar work may be in 

progress. 
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FACTORS THAT EFFECT VERTICAL 

GRADIENTS MEASURED IN BOREHOLES 

2.1 PRACTICAL FORMULATION OF THE BOREHOLE VERTICAL GRADIENT 

Consider for the moment a non-rotating, spherical earth composed of 

concentric shells, each of constant density. Suppose gravity is measured 

in a vertical borehole at the outer and inner surfaces of the outermost 

shell of this idealized earth. Gravity at the outer surface is given by 

2 2
g = kM/R and at the inner surface by g = k(M-AM)/(R-Az) where k is
1 2 

the universal gravitational constant, M is the mass of the spherical 

earth, AM is the mass of the spherical shell bracketed by gravity measure-

ments, R is the radius of the spherical earth and Az is the thickness of 

the spherical shell. It is easily shown that the gravity difference 

between the outer and inner surfaces is 

Ag = g2 - gl = 8/3 TrkpRz - 4ukpAz (1) 

and the interval vertical gradient is 

Ag/Az = 8/3 TikpR - 47[1.:p (2) 

where p is the mean density of the spherical, non-rotating earth and p
R 

2 
is the mean density of the spherical shell. 

2
The gravity difference and interval vertical gradient between the 

inner and outer surfaces of other internal shells with smaller radii also 
are given by (1) and (2) since the attractions of the larger, external 
shells at these points are zero (Ramsey, 1940, P. 46). However, in these 
cases pR represents the mean density of that portion of the earth whose 
radius is equal to the outer radius of the particular shell being consid-
ered. In the borehole gravity application, R >> Az and M >> AM so that 
pR can be considered constant and equal to the mean density of the earth 
and Az/R terms of second and higher orders can be omitted from (1) and 
(2). For a shell thickness of 20,000 feet, which is considerably greater 
than the maximum depth at which borehole gravity measurements presently 
can be made, Az/P is only about 1 x 10-3. 
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The first term in (2) depends oniy on the earth's mean density and 

is called the "free-air" vertical gradient. It is the interval vertical. 

gradient that would be measured between the inner and outer surfaces of 

the spherical shell when the density of the shell is zero. Because 

Az/R terms of second and higher orders are neglected, the second term in 

(1) is twice the gravitational attraction of an infinitely-extended 

horizontal slab of thickness z and density p; the second. term in (2) 

is the interval vertical gradient due to this slab. Thus, for our 

idealized model of the earth, the interval verti.cal gradient observed 

in the borehole is the difference between the free-air vertical gradient 

(a constant) and an interval vertical gradient that in practice depends 

only on the density of the infinitely-extended hori2ontal slab bracketed 

by the gravity measurements. 

The non-rotating sphere of course is not. a realistic model, of the 

earth. The ç-eodetic reference model presently used by exploration 

gravimetrists is a rotating level ellipsoid, the International Ellipsoid 

of 1930 (see, e.g., Heiskanen and Moritz, 1967, p. 79). The normal 

free-air vertical gradient at or near the surface of this ellipsoid is 

nearly constant with both latitude and elevation and, for practical 

purposes, can he set equal to 0.09406 rncjals/ft for the mid-latitudes.3 

Surface topography and non-level, equal-density surfaces in the 

subsurface constitute departures of the earth from the International 

Ellipsoid that additionally affect vertical gradients measured 

31n a recent elaboration of this fact, Hammer (1970) states that the 
normal free-air vertical, gradient varies from the equator to either pole 
by less than 0.2% and with elevation by about 0.01% per 1000 feet or 0.05% 
per kilometer (see APPENDIX B, Part 3, equations (B27) , (B28) and (B29)). 
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underground and above ground. Variations of the vertical gradient due 

to artificial mass disturbances connected with borehole irregularities 

also are possible. 

If. (2) is rewritten to include terms for these contributing effects, 

we have the practical formulation given by McCulloh and others (1968) 

for the interval vertical gradient measured in a vertical borehole over 

the interval Az 

Ag/Az P - 471145 + AC + AC AC (3)b t 

Ag/Az is the measured interval vertical gradient; F is the normal 

free-air vertical gradient, 0.09406 mgals/ft; 4ffki5 is the interval 

vertical gradient due to the laterally adjacent infinitely-extended 

horizontal slab of interval density p; ACb is the fractional part of 

the observed interval vertical gradient due to mass disturbances that 

may be caused by variations in borehole diameter, cement columns 

outside the well casing, changes in casing size or weight, casing shoes, 

or fluid columns in the borehole; is the fractional part of the
ACt 

observed interval vertical gradient due to surface topography relative 

to a. datum that usually is taken as the elevation of the top of the 

borehole; AC is the anomalous interval vertical gradient observed
9 

over Az due to local and regional non-level, equal-density surfaces 

(the geology) beneath the terrain datum. 

3 
(3) can be solved for interval density in g/cms 

39.2 
-f5 = 3.68 + { 11.9}(AC + AC + AC - Ag/Az) (4)

b
.00119 
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or for the anomalous vertical gradient 

.0255 .09406 
AC = Ag/Az + {.0838}i5 - .30861 + AC + AC) (5)b

838 3086 

where the numerical values correspond from top to bottom to vertical 

gradient units of mgals/ft, mgals/meter and Eotvbs units respectively. 

The fractional parts of the vertical gradient measured in the borehole 

due to borehole, topographic and anomalous effects have positive signs 

in (3) through (5) if they cause an increase of gravity with increasing 

depth and negative signs if they cause a decrease of gravity with 

increasing depth. 

In this paper occasional use will be made of the relationships 

between the rate of change of interval density with respect to the 

interval vertical gradient 

39.2 
dr) = { 11.9}(S(L\_c 4 Ac + Ac - Ag/Az) (6)

b t
.00119 

and the rate of change of the interval vertical gradient with respect 

to the interval density 

.0255 
(5(AC + Ac + AC --Ag/Az) = {.0838} (7)t 

838 

Today borehole vertical gradients can be measured routinely with 

precisions and accuracies of about .00025 to .00050 mgals/ft for 

vertical intervals of about 10 feet or more (see APPENDIX E, Part 3, 

Figure E7). Consequently, absolute va1u6s of interval densities can 

3
be calculated from (4) to within .01 to .02 g/cm provided the effects 



16 

of the borehole, topography, and anomalous vertical gradient are known 

with similar accuracy. Quantitative determination of anomalous vertical 

gradients ACg with the aid of (5) depends principally on the confidence 

that can he placed in independent determinations of the interval 

densities, such as those obtainable from bulk-density measurements of 

core samples. 
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2.2 EFFECTS RELATED '10 THE BOREHOLE---T1ft ACb TEFi4 

Corrections for unwanted gravitational attractions due to variations 

in borehole diameter, cement columns outside well casing, changes in 

casing size or weight, casing shoes, and fluid columns in the borehole 

have been discussed by Smith (1950, pp. 630-635 and Figures 16 and 17) 

For boreholes of conventional diameters, these effects usually are in-

significant, can be avoided by judicious selection of gravity stations 

at least 5 boreho].e diameters above or below known irregularities, or 

can be approximately evaluated using the well completion record and 

caliper log for the borehole. Effects due to the gravimeter being off-

center in the borehole are small and can be avoided by using a centraliz-

ing device on the logging tool. 
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2. 3 EFFEC1'S DUE '10 SURFACE TOPOCRAPHY--TFIE AC TERM 

Terrain corrections were calculated for mine shaft gravity 

measurements before high-precision borehole gravity measurements 

became possible (see especially, Rogers, 1952, pp. 367-369; Dornzalski, 

1954, pp. 433-434; Rische, 1957, pp. 18-42). The same basic procedure, 

employing a FORTRAN IV computer program for rapid computation, is used 

in this study (see PPEND1X E, Part 5). 

Vertical profiles of the vertical gradient due to topography are 

shown in Figure 1 for the seven borcholes surveyed in the Midway-Sunset 

Oil Field, California, and for seven additional wells located in other 

topographic settings in California, Nevada., Arizona and Colorado. In 

general, vertical gradients due to topography are small and change 

slowly and uniformly with increasing depth. Consequently, over 

hundreds or, in •many cases, over thousands of borehole feet, they are 

unimportant to the determination of correct relative interval densities 

and the recognition of anonia].ous vertical gradients. This is especially 

true at well depths in excess of several thousand feet where, in most 

cases, the terrain effects are either negligibly small or. change oniy 

very gradually with depth. The effects of topography, in terms of the 

errors they cause if neglected in the calculation of absolute values of 

interval densities,. practically always are less than 0.1 g/cm3, most of 

the time are less than 0.03 to 0.05 g/cm3, and frequently are 

negligibJe, depcc'nq cn the magnitude and proximity of the topography. 
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2.4 THE ANOMALOUS VERTICAL GRADIENT--THE AC TERM 
9 

The importance of recognizing the anomalous vertical gradient in 

borehole and shaft gravity measurements has been pointed out by numerous 

investigators (Smith, 1950; Hammer, 1950; Rogers, 1952; Domzalski, 1954; 

Lukavchenko, 1955; Thyssen-Bornemisza, 1965a; McCulloh, 1965, 1966; 

McCulloh and others, 1967b, 1968). Variations of the anomalous vertical 

gradient with depth can be an important prospecting tool beyond the 

limits of the borehole or shaft. Also, if calculated interval densities 

are to be accurate in the absolute sense, anomalous vertical gradients, 

where significant, must be taken into account. 

In theory the anomalous vertical gradient at any point in a borehole 

is caused by all non-level, equal-density surfaces in the earth, or from 

a different viewpoint, is related to the entire anomalous gravity field 

of the earth. In practice there is some effective distance beyond which 

an anomalous density distribution (or the anomalous gravity field) does 

not measurably contribute to the value of AC in the borehole. This dis-

tance is variable and depends on the angle and distance to the mass anomaly 

as well as its geometry and density contrast relative to the surrounding 

rocks. The general nature of anomalous vertical gradients in relation to 

their associated density and gravity anomalies is briefly described in 

the following two paragraphs. 

Several general relationships between anomalous vertical gradients 

and their related anomalous density distributions can be described if it 

is assumed that the density anomalies 'resemble either a point mass or an 

infinitely-extended horizontal line source. Generally speaking, the 

vertical gradient varies according to the inverse cube of its distance 
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from a finite mass anomaly; gravity varies as the inverse square of the 

distance. For a two-dimensional mass anomaly, the vertical gradient varies 

according to the inverse square of the distance; gravity varies as the 

inverse of the distance (see APPENDIX A). Hence, the vertical gradient 

diminishes much more rapidly than does gravity with increasing distance 

from the source. his explanation is somewhat complicated by the fact 

that both the sign and magniLude of the vertical gradient at a point P 

depend on the angular posi Lion of the anomalous mass relative to the 

vertical line through P. The same mass anomaly may generate a positive, 

negative or zero vertical gradient at the point, depending on its angular 

position. The greatest magnitudes of vertical gradients usually occur 

in the vertical and horizontal directions from a mass anomaly (Figure Al) 

o intuitively useful relationships between a vertical gradient 

anomaly and its associated gravity anomaly can be stated if the gravity 

anomaly is characterized by the amplitude (A) and wavelength (2) of a 

particular cosine component of a two-dimensional Fourier series. (1) rIC 

amplitude of the anomalous vertical gradient at the origin is a' function 

of the amplitude of the gravity anomaly times the inverse of its wave-

length: -2rrA/2. (Tsuhoi, 1952, 1954) . In other words, for a given gravity 

anomaly amplitude, the anomalous vertical gradient decreases as the wave-

length of the gravity anomaly increases, and vice versa. (2) At a distance 

z above the origin the amplitude of the anomalous vertical gradient is 

decreased by a factor of exp(-2z/fl; that is, the eponential decay of 

the anomalous vertical gradient with increasing height above the gravity 

anomaly depends on the ratio of the height to the gravity anomaly wave-

length. 
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Quanti tative calculations of anoralous vertical gracli ents from 

density models or gravity anomalies can be made by using the relationships 

given in the preceding paragraph, APPENDIX A and Section 3.5. Useful in 

this connection are the papers by Tsuboi (1952; 1954) and those by 'rornmer 

(1964, pp. 13--17) , Elkins (1966), Thyssen-Borneraisza (1965a) and Hammer 

(1970) 

Mueller (1961) describes the anomalous vertical gradient in terms of 

"regional" and "local' parts. It may be useful to informally adopt these 

terms in a way that is practically analogous to their use in surftce 

gravimetry. A "regional" anomalous vertical gradient may be one that 

essentially is invariant over the depth interval of the borehole gravity 

survey and therefore is unimportant as an exploration aid or in the calcu-

lation of interval densities that are correct in the relative sense. Only 

absolute values of calculated interval densities arc affected by regional 

anomalous vertical gradients. Because of the rapid diminution of the 

vertical gradient with increasing wavelength of the associated gravity 

anomaly (and with increasing distance from the anomalous density distrihu-

tion), regional gradients are always small and are unlikely to cause 

errors in absolute values of interval densities of not more than 'several• 

hundredths of a grairVcentimeter° .(Mueller, 1961, Figure 3; Tsuboi, 1954, 

Figure 1) 

"Local" anomalous vertical gradients vary significantly over the 

depth interval of the borehole gravity survey and therefore are important 

from an exploration standpoint arid in the ca].ulation of interval densi ties 

that are correct in both the relative and absolute sense. Large local 

anomalous vertical gradients occur close to, and are always associated 
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with, large density contrasts across non-level surfaces (e.g., density 

contrasts measured in at least tenths of a gram/centimeter3 such as occur 

between salt domes and surrounding rocks, ore deposits and country rock, 

dense basement rock and less dense sediments, high porosity shale and 

less porous rocks, and various types of volcanic rocks). Failure to take 

into account large local anomalous vertical gradients may cause errors 

in the absolute values of interval densities of as much as several tenths 

of a gram/centimeter3 in the most extreme cases. Errors in the relative 

values of interval densities will he somewhat less; In many instances, 

including the majority of oil field cases, the density contrasts across 

local non-level surfaces are less than 0.1 g/cin3. The associated local 

anomalous vertical gradients also are small and may not affect interval 

density calculations by more than a few hundredths of a gram/centimeter3. 

Apparently only a few vertical gradient studies have been made in 

the subsurface in which the anomalous vertical gradients are clearly dis-

tinguishable (Rogers, 1952, Figures 3 and 5; Domzalski, 1955a, Figure 7; 

NcCu]loh and others, 1G68, p. 21 and Figure 8) . The literature on 

anomalous vertical gradients estimited from Ag/Az measurements made above 

ground on towers, derricks or in buildIngs is more extensive but ranges 

widely in reliability because of the many inherent difficulties connected 

with making these kinds of measurements (see 3.4). Probably the 

anomalous vertical gradient rarely exceeds + 10% of the value of the 

normal free-air vertical gradient (+ .0094 mgal/ft or + 309 Eötvös units). 
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2.5 BOPEHOLES DEVIATED FROM 'fl-IE VERTICAL AND (OR) INCLINED 

PLANAR DENSITY UNITS 

Up to now we have considered only vertical horeholes and horizontal 

density units. The calculation of densities o' the extraction of anorn-

alous vertical gradients from interval vertical gradients measured in 

boreholes that deviate from the vertical or penetrate inclined density 

units is more difficult for several reasons. In boreholes deviated from 

the vertical, observed gravity differences may be significantly affected 

by horizontal gravity gradients (McCulloh and. others, 1968, p. 5). Also, 

measured distances arc not vertical distances (Smith, 1950, p. 635; 

Lukavchenko, 1955, p. 19). Furthermore, the attraction of an inclined 

planar density unit depends on its angle of dip. Its thickness measured 

in a vertical or deviated borehole almost always is an apparent thickness. 

The assumption that the density units are not inclined, when indeed 

they are, leads to calculated interval densities that are weighted 

averages of the densities of the pri!ncipa]. unit and the neighboring units 

stratigraphically above arid below the principal unit. If the density 

units are inclined as shown i.n Figure 2, the infinitely-extended hori-

zontal slab bracketed by gravity measurements includes parallelpiped-

shaped parts of the units above and below the principal density unit ABCD. 

The gravitational attraction at B of ABCD, the part of the principal 

density unit that is encompassed by the infinitely-extended horizontal 

slab, can be calculated using the line integral method of Hubbert (1948) 

as implemented by Talwani and. others (1959) or Corbatg (1965) . The 

formula for the attraction at point B of ABCD is shown in Figure 2 along 

with a plot of the ratio of this attraction to the attraction at B of 
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the infinitely-extended horizontal slab as a function of the angle of 

inclination a. It is evident that as the angle of inclination increases, 

less and less of the attraction of the infinitely-extended horizontal 

slab is due to the principal density unit ABCD. 

The attraction of an inclined infinitely-extended density unit 

bounded by plane aurfaces at a point on or above its surface is 

g = cosa 

where a is the angle of inclination and Az' is the true thickness of the 

unit. Expressed in terms of the thickness Az measured in a vertical 

borehole, the attraction is 

g = 2irk-PAz cos2a (8) 

(In the more general case, the borehole deviates from the vertical 

and has a random bearing relative to the bearing of the dip of the inclined 

density unit. In this case the true thickness of the density unit in 

terms of the thickness measured in the borehole is 

Az' = Az cosa (cos() - sin 0 cos (1) tana) (9) 

where 0 is the angular deviation of the borehole from the vertical and 

(P is the angle between the bearing of the borehole and the bearing of the 

dip of the density unit.) 

The interval vertical gradient measured in the vertical borehole 

that includes the effect of the inclined density unit is given by 

-
Ag/Az = F + Ac + Ac Ac - 41TkPcos2 a (10)

b t 

If (10) is solved for interval density P and the result is compared with 

(6) it is evident that for inclined density units the sensitivity of the 
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interval vcrtica]. gradient to changes in interval density is lessened by 

a factor of cos2. ifl other words, as the angle of inclinaLion increases, 

a given change in interval density causes a progressively smaller change 

in the interval vertical gradient.. Failure to take into account the fact 

that density units are inclined causes relative va].ues of the interval 

vertical gradients to be too small by a factor of l/cos2a (Boderril1er, 

1963, p. 212). A derivation of the discont.inuities in all six gravity 

gradients caused by density discontinuities across inclined surfaces is 

given by Ertel (1947) (APPENDIX C) 

If a borehole penetrates horizontal density units and is deviated 

from the vertical by an angle 0, thu true interval vertical gradient is 

Ag/Az cosa where Az is the interval distance measured in the borehole. In 

this case the interval vertical gradient expression becomes 

Ag/Az cosO (F + ACb ± AC ± AC - 4irkp) + (Az sin0)Ix/As (11) 

where A/As is the horizontal gravity gradient along the azimuth of the 

deviated borehole. The last term in (11) is a correction for possibly 

significant horizontal gravity gradients. It has a positive sign if the 

horizontal gradient causes an increase in gravity with increasing depth 

in the well, and vice versa. Generally speaking, if the effects of a 

deviated borehole are ignored, the interval vertical gradients appear to 

be less and the calcu].ated interval densities greater than if the devia-

tion is taken into account. It is possible that the cosO correction for 

obtaining the tru'e vertical distance and the correction for the horizontal 

gradient. might cancel one another. 
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Values of the normal horizontal gravity gradient (important for 

hole deviations with north-south components, Jakosky, 1950, P. 331; 

McCulloh and others, 1968, Figure 1) together with estimates of anomal-

ous horizontal gradients taken from surface gravity maps can be analyzed 

with hole azimuth and hole angle data from the well directional survey 

to determine if corrections for horizontal gradients are necessary. 

McCulloh and others (1968, P. 5) concludes that corrections should be 

made for horizontal gradient effects "of 0.008 milligals/foot or more 

per 20 feet" which corresponds to an error of .0004 mgal/ft in the 

measured interval vertical gradient (or in the anomalous vertical grad-

3
ient calculated from it) and an error of .015 g/cm in calculated interval 

densities. 

Determination of inclined density units from geologic data is com-

plicated by the behavior of equal-density surfaces in certain sedimentary 

sequences. Viktorov (1957, Figure 1), McCulloh (1960, Figure 150.3) and 

Prozorovich (1961, Figures 1 and 2) show that equal-density surfaces may 

not coincide with known geologic structure. Their procedure was to deter-

mine density as a function of depth in each of several wells' located along 

profile lines by measuring the bulk densities of cores taken from the 

wells. Lines were drawn between the density versus depth profiles of each 

well to connect points of equal density. For these three investigations 

the resultant isopycnic lines are more gentle than the known stratigraphic 

lines. 

These very Few data suggest that caution should be exercised in the 

use of structural information for estimating the inclination of density 

units. 
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CASE STUDY OF PORTION OF THE 

MIDWAY-SUNSET OIL FIELD, CALIFORNIA 

3.1 GEOLOGIC RESUME 

The Midway-Sunset Oil Field is located along the southwest margin 

of the San Joaquin Valley, Kern County, California, where it extends for 

about:. 25 miles along the foothills of the eastern edge of the Temblor 

Range and the alluvium-covered upland of the west edge of the valley 

(Figure 3). The basic structure in this area is an eastward dipping 

regional homociine with several Subordinate subparallel folds that 

gently plunge in a southeast direction toward the San Joaquin Valley. 

Generally speaking, the surface geology range.s from recent alluvium in 

the San Joaquin Valley to progressively older Cenozoic marine and 

non-marine rocks in the Temblor Range to the west. There is an 

extensive geologic literature for this region that has been compiled 

by Maher and Trollman (1968). A paper by Dibblee (in preparation) 

summarizes the regional geology. 

The Midway-Sunset Oil Field provided an ideal setting for the 

study. The shallow subsurface geology is well understood due to the 

information gained from the large number of oil wells that have been 

drilled. Many wells drilled prior to 1940 were cored and many of the 

samples are still contained in oil company core collections. A 

•considerable number of wells are shut-in or idle due to declining 

production and most older ones have casing large enough to accept the 

borehole gravimeLer. 

The specific area of investigation included the Lakeview district 

and portions of the Twenty-Nine D and Thirty-Five Anticline districts 

that are located on either side of state highway 33 between the towns 
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of Taft and Maricopa. The northern part of this area includes a 

portion of the axial region of the Spellacy Anticline. This anticline 

is bordered on the south by a small syncline that separates it from the 

Thirty-Five Anticline (see Figure 5). The southern part of the case 

study area includes part of the axial region and southern flank of the 

Thirty-Five Anticline. Although the rocks are strongly folded, they 

are not significantly faulted. 

Strati graphic columns showing oil zones and characteristic electric 

logs for the part of the section that was investigated are shown in 

Figure 4. The oldest rocks that were studied are late Miocene age and 

consist of light brown, punky, diatomaceous shales with interbedded 

silty and shaley lenticular sands. The diatomaceous shales grade 

downward into dark brown porcelaneous shales. Considerable amounts of 

oil have been obtained from locally thick, very lenticular sands and 

interbedded shale that occur in this upper Miocene section (e. g., the 

Monarch and Webster sands). These rocks belong to the McLure Shale 

Member of the Monterey Formation except possibly for the diatomite in 

the uppermost part of the Miocene section on the Thirty-Five Anticline 

that may be equivalent to the Belridge Diatomite. The McLure Shale is 

commonly referred to as the Antelope Shale in the petroleum industry. 

The Reef Ridge Shale overlies the McLure Shale on the north flank 

of the Thirty-Five Anticline but is absent or very thin on the .axis of 

the anticline in sec. 36, T. 12 N., R. 24 W. It consists of brown or 

gray, hard, occasionally semi-siliceous shale with some lenticular 

sands. The Lakeview sand, a prolific oil reservoir that is now largely 

depleted, occurs in the uppermost part of the Reef Ridge Shale on the 

north flank of the Thirty-Five Anticline. 
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The series of shallow-water marine rocks of Pliocene age found above 

the angular unconformity at the top of the Iliocene section comprises the 

Etchegoin Formation. This sequence consists of gray and greenish-gray 

siltstones with interbedded claystones, fine- to coarse-grained sands and 

occasional thin well-cemented sandstones and conglomerates. Several of 

the thin but extensive sands of this formation have yielded oil (e. g., 

the Gusher and Kinsey sands) 

Above the Etchegoin Formation and conformable with it is a series 

of gray claystones with interbedded sandstones and siltstones. These 

rocks are designated the San Joaquin Formation and they indicate that a 

gradual transition of the depositional environment from shallow-water 

marine to lacustrine conditions took place during Plio-Pleistocene time. 

The very persistent Top Oil sands are near the base of this sequence and 

a general coarsening of the sediments more or less defines the top of 

this formation. 

The youngest rocks are those of the Pleistocene Tu]are Formation. 

They are exposed in certain parts of the study area not covered by alluvium 

and consist of poorly stratified, unconsolidated to weakly consolidated 

silty and clayey sand that is locally conglomeratic. The lower part of 

the Tulare Formation is more consolidated and individual beds persist 

over wider areas. 

The Etchegoin, San Joaquin and Tulare Formations thin toward the 

southwest and the younger rocks have progressively lower angles of dip. 

The upper Miocene rocks dip at somewhat steepr angles than does the 

Etchegoin Formation, indicating that the Miocene rocks were deformed 

prior to deposition of the Pliocene sediments. 
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3.2 ANALYSIS OF "NATURAL" DENSITY AND TOTAL POROSITY OF CORE SAMPLES 

Laboratory measurements of selected mass properties (bulk density, 

grain density, porosity) of cored and hand-collected rock samples have 

provided important information for a variety of purposes (see, e.g. 

Airy, 1856; Hedberg, 1936; Nafe and Drake, 1957; Whetton and others, 

1957; McCulloh, 1965; Christensen and others, 1969; Saad, 1969). Lengthy 

bibliographies are given by Rail and Taliaferro (1949) and Manger (1963). 

In this study total porosity and "natural" density4 calculated 

from laboratory measurements of more than 500 core samples have been 

analyzed to provide d;rnsity information for comparison with interval 

densities calculated from_borehole gravity measurements. The seventeen 

wells from wilich these core samples were taken are shown in Figure 5. 

A full description of the techniques used to determine porosity and 

bulk density is given in APPENDIX F along with a tabulation of 

individual core measurements (Table Fl). 

Calculated total porosity and "natural" density for all samples 

are plotted by ioneral lithology, age and present depth of burial in 

Figures 6 and 7. The wide range in total porosity (1 to 58%) and 

3 
"natural" density (1.45 to 2.70 g/cm ) evident in these figures occurs 

over an area of only several square miles within several thousand feet 

of the ground surface in clastic and bioclastic marine sedimentary 

rocks that have been substantially folded but not significantly 

faulted. The conspicuous high-porosity, low density upper Miocene 

4"Natural" density, defined by Hedberg (1936, p. 253), assumes that 
the pore spaces are occupied by water which we assume has a density of 
1.00 g/cm3. 
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shales are diatomaceous at structurally high positions in section 35, 

T.12 N., R.24 W., and grade with increasing depth (and apparently with 

greater structural depth) into siliceous or porcelaneous shales as 

their mineralogy changes from predominantly opaline silica to 

cristobaiitc arid their porosities decrease. On an individual basis, the 

densities and porosities of the Upper Miocene rocks appear to be 

controlled by the relative abundances of opaline silica, cristobalite 

and sand. The upper 1'iiocene sandstones afld most Pliocene rocks are 

considerably less porous (more dense) than the diatomaceous shales. 

The variations in the "natural" density of the Pliocene rocks are due 

principally to porosity differences that, in turn, are caused in part 

by differences in cementation, mean grain size, degree of sorting and 

depth of burial. 

Differentiation of the Pliqce.ne rocks by lithology reveals that 

the claystones, siltstones and mudstones are more porous (less dense) 

at shallow-depths and. less porous (more dense) at greater depths than 

the sandstones (see Figures 8 through 13 and Table 1). This 

observation is in accord with the different compaction characteristics 

df arglllaceous and arenaceous sediments5. The six regression lines 

for total porosity and "natural" density from Figures 8 through 13 are 

plotted in Figures 14 & 15 where it is evident that a "cross-over" of 

these regression lines for the argillaceous rocks and the sandstones 

occurs somewhere between 2500 and 3000 feet (present depth of burial). 

5At the depositional interface on the sea floor, the initial 
porosity of the clays is higher than that of the sands. During 
subsequent burial the clays "dc-water" and compact more easily than do 
the sands. Hence, a "cross-over" of the porosity regression lines 
occurs at some depth (Weller, 1959; 4cCulloh, oral communicaion, 1968; 
Cernock and others, 1970). 

https://Pliqce.ne
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In the Los Angeles Basin, McCulloh (oral communication, 1969) found a 

porosity "cross-over." at 2100 feet (present depth of burial) for "rocks 

in basinal areas where there is no evidence of uplift or removal of 

overburden." 

The Pliocene core density data over the depth range from 1900 to 

3100 feet is compared in a later section with interval density data 

calculated from the borehole gravity measurements. Over this depth 

range the regression lines in Figure 15 for the "natural" density of 

the three lithologic groups of Pliocene rocks differ from one another 

by less than .02 g/cm3. Thus, it was deemed unnecessary to differentiate 

the core density data by lithology for comparison with the gravimetric 

ihterval densities. On the other hand, a comparison of the Pliocene 

porosity and density data by formation rather than by lithology is 

suggested by differences between the rocks of the San Joacjuin and 

Etchegoin forma.ions with respect to provenance, depositional 

environment, relative amounts of sand and. clay, clay mineralogy, and 

proximity to the Plio-Miocene unconformity. In Figure 16 the 

regression lines for the porosity of core samples of all lithologies 

from the San Joaquin and. Etchegoin ormations suggest that the more 

clayey rocks of the San Joaquin formation display a more rapid 

diminution of porosity with increasing depth than do the rocks of the 

Etchegoin formation. This is again in agreement with the different 

compaction characteristics of sand and clay, assuming all other 

possible influe.ces are equal. The rpgression lines in Figure 17 for 

the "natural" density of core samples of all lithologies from the 

Etchegoin and San Joaquin formations are compared in a later section 

with gravimetric interval densities. These regression lines differ by 
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not more than .03 g/cm3 from those based on a lithologic qrouping of 

the core density data over the depth interval from 1900 to 3100 feet. 

Due to the considerable structural relief in the subsurface and 

the fact that the cored intervals were almost always associated with 

known or suspected oil sands in particular parts of the section, the 

Pliocene cores represent a total stratigraphic interval of only about 

700 feet (see Figure 18) even though their depth of burial range i.s 

about l700 fret. As a consequence, the core density data is compared 

in a later section only to those portions of the gravimetric density 

logs that correspond stratigraphically to the part of the section 

represented by the core samples. 

In Figure 16 the Miocene sandstones appear to be slightly less 

porous than Pliocene sandstones at equivalent depths of burial. This 

may be explained by the generally poorer sorting of the Miocene sands 

and (or) y considering the upper Miocene section, which lies 

unconforinably beneath the Pliocene rocks, to have been previously 

buried at a greater depth so that the Miocene sandstones display a 

"relict" compaction with respect to their present depths of burial. 

The large density contrast between the upper Miocene shales and the 

more dense overlying Pliocenc rocks is clearly evident in Figure 17. 

This density contrast ranges from about 0.2 g/cm3 at 3000 feet to 

out 0.4 g/cni3 at 1000 feet from the north flank to the axial region 

of the Thirty-Five Anticline and has a pronounced effect on the 

surface gravity and vertical gradient distribution in the area. 
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Gravitational Effects of Topography Expressed 
as Corrections to Interval Densities in grn/trn3 
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Figure 1. See next page. 



Profile 
Number Well; Location 

Max. Radial Distance of 
Terrain Considered (miles) 

Assumed Density 
of Terrain (g/cm3) 

1 Seven wells surveyed for present study in 
Midway-Sunset Oil Field, Calif. 18 2.00 

2 S.O.Co.Calif. Jordan Comm. No. 9, 
6-3S-11W, Santa Fe Springs Oil Field, 
Calif. 104 variable 

3 S.O.Co.Calif. Baldwin 180, 6-2S-11W, 
Montebello Oil Field, Calif. 6 2.10 

4 Shell Oil Co. Vedder 431, 9-27S-28E, Mt. 
Poso Oil Field, Calif. 14 variable 

5 Well #UE19n, Pahute Mesa, NTS, Nevada 
(see Healy, 1970, Fig. 1 for location) 62 2.00 

6 Chevron Raven 1-A, 30-2N-102W Rangely 
Oil Field, Colo. 37 2.30 

7 Chevron W.P.Mellen 1-3, 16-2N-103W, 
Plngely Oil Field, Colo. 37 2.30 

8 Vertical mine shaft, Ariz. (data 
adapted from Rogers, 1952, p. 369) 12 2.60 

Figure 1. Profiles of vertical gradients due to surface topography expressed in mgal/ft, E&tv6s units, 
and as corrections to calculated interval density for 13 wells and 1 mine shaft in western U. S. 
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Figure 5. Well location map for cored wells from which samples were 
studied and for wells in which borehole gravity measurements were 
made. "N" point is nn electric log marker near the top of the 
Miocene. Structure contours are after Callaway (1968). 
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Figure 6. Total porosity versus depth for more than 500 core samples 
of Pliocene and upper Miocene rocks taken from 17 wells in the 
Lakeview and Thirty-Five Anticline areas of the Midway-Sunset Oil 
Field, California. Lithologic symbols apply to all subsequent 

figures. 
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Figure 7. "Natural" density versus depth for more than 500 core samples 
of Pliocene and upper Miocene rocks taken from 17 wells in the 
Lakeview and Thirty-Five Anticline areas of the Midway-Sunset Oil 
Field, California. 
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Figure 8. Total porosity versus depth for Pliocene sandstone core 
samples taken from the lower part of the San Joaquin Formation 
and the Etchegoin Formation. Equation for regression line is 
given in Table 1. 
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Figure 9. 'Natural" density versus depth for Pliocene sandstone core 
samples taken from the lower part of the San Joaquin Formation 
and the Etchcgoin Formation. Equation for regression line is 
given in Table 1. 
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Figure 10. Total porosity versus depth for Pliocene siltstone and 
mudstone core samples taken from the lower part of the San 
Joaquin Formation and the Etchegoin Formation. Equation for 
regression line is given in Table 1. 
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Figure 11. "Natural" density versus depth for Pliocene siltstone and 
mudstonc core samples taken from the lower part of the San 
Joaquin Formation and the Etchegoin Formation. Equation for 
regression line is given in Table 1. 
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Figure 12. Total porosity versus depth for Pliocene claystone and 
shale core samples taken from the lower part of the San Joaquin. 
Formation and the Etchegoin Formation. Equtition for regression 
line is given in Table 1. 
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Figure 13. "Natural" density versus depth for Pliocene claystone and 
shale core samples taken from the lower part of the San Joaquin 
Formation and the Etchegoin Formation. Equation for regression 
line is given in Table 1. 
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Figure 14. Total porosity versus depth fox upper Miocene core samples 
from the Reef Ridge Shale and the 1.1cLure Shale Member of the 
Monterey Formation. Regression lines for total porosity of 
Pliocene sandstones (1), siltstones and mudstones (2), an'l 
claystones and shale (3) are taken from Figures 8, 10 and 12. -
Open symbols denote shales and solid symbols indicate siltstone, 

sandy shale and sandstone. 
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Figure 15. "Natural' density versus depth for upper Miocene core samples 
from the Reef Ridge Shale and the McLure-Shale Member of the 
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Figure 16. Total porosity versus depth for core samples taken from the 

lower part of the San Joaquin Formation (solid symbols and dashed 

regression line) and the Etchegoin Formation (open symbols and solid 

regression line). 
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Figure 17. "Natural density versus depth for core 'samples taken from 
the lower part of the San Joaquin Formation (solid symbols and 
dashed regression line) and the Etchcgoin Formation (open symbols. 
and solid regression line). 
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Figure 19. Complete Bouguer gravity map of portion of Midway-Sunset 
Oil Field, Kern County, California, that encompasses area of 
borehole gravity surveys. 
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seven borehole gravity surveys in case study area of Midway-Sunset 
Oil Field. Interval densities were calculated with terrain 
corrections but without corrections for anomalous vertical 
gradients.. Mean interval density is 1.97 g/cm3. (B) Frequency 
diagram of "best" elevation factor densities determined by an 
extension of the Nettleton (1939) density profile method to three 
dimensions for 84 sets of 8 to 10 gravity stations distributed 
over the area of the surface gravity survey. Mean elevation 
factor density is 2.03 g/cm3. 
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Figure 22. Configurations for Ag/Az tower measurements used in the 
Midway-Sunset Oil Field case study. 
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Figure 25;Calculated anomalous vertical gradient map with ktomputed 
values in mgal/ft and .0002 mgal/ft contours. Also shown are 1) 
the locations of the borehole gravity surveys and cross sections 
AA' and BB', 2) the locations and values of the anomalous vertical 
gradients measured on the tower, and 3) the calculation points 
#18, #104 and 4f206 that are discussed in the text and Figures 27 
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Figure 29. Discrepancies between anomalous vertical gradients determined 
from .g/'!\Z tower measurements and anomalous vertical gradients 
calculated for the tower sites from the complete Bouguer gravity 
maps. (A) Measured anomalous vertical gradients based on gravity 
measuremertts between top and intermediate tower stations 
(z"=z=20 ft): Mean = - .0002, rms error = .0006. (B) Measured 
anomalous vertical gradients based on gravity measurements between 
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= - .0005, ms error = .0012. (c) Measured anomalous vertical 
gradients based on gravity measurements between top and bottom 
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.0009. 
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Figure 30. Comparisons between "natural" densities calculated from dry 
bulk density measurements of Pliocene core samples and selected 
interval densities calculated from borehole gravity measurements 
(A) without terrain or anomalous vertical gradients, (B) with 
terrain effects and without anomalous vertical gradients, and 
(C) with terrain and anomalous vertical gradients. Selected 
interval densities are from the Texaco Fee 28,-5.0. Co. Calif. 
104-33D, 54-33D, 302-25L, Mobil Julius 5, Fried 9A wells and are 
for stratigraphic intervals corresponsing to those represented by 
core samples. 
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Figure 31.. Differences between 72 gravimetric interval densities and 
"Datural" density predicted by the regression equations, of Table 
1 for the "natural" densities of rocks from the San Joaquin and 
Etchegoin formations. The 72 interval densities and the cases 
(A), (B) and (C) correspond to those of Figure 30. For the cases 
(A), (B) Lad (C) the mean differ6nces are .05, .02 and '\,0 g/cm3 
respectively; each has an rms error of .05 g/cm3. Differences 
involvj_ng Qravimetric densities that correspond to intervals of 
known oil sands are indicated by a separate pattern. Excluding 
these oil sand intervals, 52% of this differences are less than 
+.02 g/cm3, 73% less than ±.04 g/cm and 83% less than ±.06 
g/cm3. 
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core samples and gravimetric interval densities that correspond 
to known oil sands- Interval densities are corrected for 
topographic and anomalous vertical gradients. 
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Figure 33. Interal density profiles calculated from borehole gravity 
measurements made in A.P.C. 76 well and "natural" densities of 
Pliocene and upper Miocene core samples from nearby wells (see 
Figure 5 for locations of these cored wells). Interval density 
profile A was calculated without consideration for topographic 
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borehole depth midway between the sensors. Interval density is 
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core density measurements and electric log for three.different in situ pore fluid densities 
in a portion of an oil well in the Ten Section Oil Field (Hluza, 1967), Kern County, California. 
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GRAVITATIONAL ATTRACTION OF RIGHT CIRCULAR 
CYLINDER AS PERCENTAGE OF ATTRACTION OF IN-

FINITELY EXTENDED HORIZONTAL SLAB 

10 30 50 70 90 
io5 I I. 'I I F 1 5 0 

22'7c 48% 

7-ft. assumed max. _ 
radius of investigation of 

acoustic velocity log 

2. investatnig io of CO
___1 

gamma7gamma log cm 

lo' CI: 

Figure 36. This figure shows that the radius of investigation (or the 
rock volume sampled) of a borehole gravity gradiomet<Ir with a. 
sensor spacing of 10 feet is considerably greater than that 
provided by either the gamma-gamma log or the acoustic velocity log. 
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Figure 37. AA' is a longitudinal section along the north flank of the 
Thirty-Five Anticline. It includes four wells that penetrate the 
upper Miocene rocks near -2300 feet. The Fee 28 and 54-33q wells 
were drilled during the late 1930's and the 104-33D and 302-25L 

. wells were drilled during the 1950's. For each well the electric 
log and gravimetric density profile is shown. Dashed regression 
lines of "natural" density versus depth also appear with the density 
profiles. These are for rocks of the San Joaquin and Etchegoin 
Formations and are taken from Figure 17. The "natural" densities 
of core samples from the Murphy Fee 8 well (solid circles) are 
plotted with the density profile for the Fee 28 well. The lower 
than normal interval densities labeled "A" correspond to known . 
oil sands and may be due to higher than normal porosity, partial 
saturation with pore fluids significantly less dense than water, i 
and (or) partial depletion of pore fluids. The normal or higher 
than normal interval densities labeled "B" suggest sands that are 
water saturated and (or) have lower than average porosity. Other 
observations include: 1) a distinctive "shale" that has a relatively 
high interval density in the 104-33D well (at about 2450 feet) 
and in the .54-33D well (at about 2100 feet); 2) relatively low 
density units in the Etchegoin Formation just below the Kinsey 
sand; and 3) a general increase in the density of the Etchegoin 
Formation near the top of the Lakeview sand. 
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Figure 33. BB' is a transverse section that extends from the axial 
region down the north flank of the Thirty-Five Anticline. The 
A.P.C. 76 well was drilled in 1954, the MOCO 35-148 well in 
1969, and the Fried 9A and Julius 5 wells in the 1940's. For 
each well the electric log and gravimetric,density profile is 
shown except in the case of the MOCO 35-148 well where the gamma-
gamma log and caliper log (hole diameter) are pictured. The 
dashed regression lines and labels "A". and "B" have the same 
meaning as in Figure 37. In the Fried 9A, 302-251, and Julius 
5 wells a correlated "shale" unit was logged with practically 
identical interval density values. This "shale' unit occurs 
at the tops of the density profiles. 
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-X < 

Figure Al. Contours of equal values of (1/kM)(ag/az) (dashed lines) 
and (1/kM)(Ag/Az) (solid lines) for point mass M (right quadrant) 
and infinitely-extended horizontal line source of mass M/unit 
length (left quadrant). Values of (1/kM)(ag/az) were calculated 
at the origin and values of (1/kM)(Ag/Az) are based on gravity 
differences calculated between points gl and g2. Divisions along 
the x and z axes arc in units of Az/2. 
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Figure Dl. Representation of the region W that is externally bounded 
at infinity and internally bounded by the spherical surfaces S 
and E. 
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Figure E2. Photograph of equipment dispoition during borehole gravity 
measurements in Mobil Oil Corp., Julius 5 well, 34-32S-24E. Left 
to right: tractor-trailer with cable winch and precision ,cable 
measuring sheave at the rear; tool truck and instrumentation van 
from which gravimeter is controlled and read and which houses a -
5 kilowatt generator; crane truck used to assemble the 18-foot 
logging tool and to support the two cable lead-in sheaves during 
the well logging operation. 
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Figure E4. Observed gravimeter drift curve and movement profile for 
the borehole gravity survey in the Standard Oil Co. of Calif., well 
104-33D, 33-32S-24E, Midway-Sunset Oil Field, Kern County, Calif. 
The observed drift curve is constructed from all sets of two or 
more repeated surface and subsurface borehole gravity observations. 
The height of each solid rectangle along the drift curve represents 
the uncertainty in determining the gravity reading from the analog 
readout. The width of each rectangle denotes the time over which 
the reading was averaged. The horizontal lines in the movement 
profile indicate the intervals of time that the gravimeter was 
stationary at each station. The letter D denotes the contribution 
of one borehole base station. Theoretical tidal gravity is 
adjusted for latitude and local time. 
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Figure E5. Gravimeter drift after removal of tidal gravity for seven 
wells in wh2ch gravity measuremerits were made. Straight lines. 
are fitted by least squares to the sets of repeated readings (dots). 
Dashed curves are estimates of systematic drift. Tares are evident 
in drift curves for the Fried 9A and 302-251, wells; micrometer 
screw counter synchronization was momentarily lost toward the end of 
the survey in the A.P.C. 76 well. 
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Figure E6. Determinacion of calibration factor for measuring sheave by 
use of driller's depth information and hand-chained cable length 
measurements. (A) Discrepancies between measuring sheave depths 
and cumulative hand-chained cable length. (B) Average of 3 
discrepancies between measuring Sheave depths and driller's depths 
to plugs or tops of liners at approximately equal depths 3n 3 wells 
in the Midway-Sunset Oil Field, California. (C) Discrepancy 
between measuring sheave depth and driller's depth to top of liner 
in one well in the Santa Fe Springs Oil Field, California. 
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Figure E7. Interval thickness z.versus precision of interval vertical 
'gradient measurements expressed in mgals/ft, Eotvos units, and 
calculated interval density. (A) ,Ag to nearest .008 mgals with 
maximum observed vertical gradient (.0476 mgals/ft) and Lz to 
nearest .01 ft. (B) Ag to nearest .012 mgals with minimum 
observed vertical gradient (.0331 mgals/ft) and Az to nearest .01 
ft. (C) Ag to nearest .008 mgals with mE'ximum observed vertical 
gradient and Az to nearest 0.1 ft. (D) Ag to newfest .012 mgals 
with minimum observc.d vertical gradient and Az to nearest 0.1 ft. 
Three repeated interval vertical gradient measurements made ir 
the 302-25L well are denoted by u. 
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'igure E8. Truck-tower .system for measuring free-air interval vertical 
gradients. Tower can be erected and secured in ten minutes. The 
gravimeter is raised and lowered with a rope and pulley. Height 
difference shown here is 37.71 ± .01 feet between the upper and 
lower stations. Inner instrument tower stands independently of 
truck and outer tower that supports the observer. Plastic 
shielding wrapped around the outer tower protects the inner tower 
from wind. Truck-tower system was designed for topographic 
surveying (Loving & Sappington, 1966). 
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Figure E9. Repeated gravity measurements (minus tidal gravity influences) 
made at three stations on tower at A. P. C. 76 well and plotted 
for the determination of gravity differences: 3.308 mgals between 
top and bot'om stations, 1.410 mgals between intermediate and 
bottom stations, and 1.898 mgals between top and intermediate 
stations. 
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Figure E10. Terrain corrections for tower, surface and borehole 
gravity measurements. 
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Figure Ell. Terrain correction versus well depth for individual 
Hayford-Bowie zones B2 through L for Texaco Fee 28 well, 32-32S-24E, 
Midway-Sunset Oil Field, Kern County, California. The total 
terrain correction out through zone L at any given depth iq the sum 
of the values given by the curves. The profiles were drawn from 
BGTC output in which terrain corrections were _calculated at 
50-foot intervals to a depth of 4000 feet. 
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TABLE 1 

REGRESSION EQUATIONS FOR THE SETS OF TOTAL POROSITY AND "NATURAL" DENSITY VERSUS DEPTH SHOWN IN FIGURES 
8-13, 16 AND 17. THESE EQUATIONS ARE APPLICABLE ONLY TO THE DEPTH INTERVALS SHOWN AND SHOULD NOT BE 

EXTRAPOLATED TO'OTHER DEPTH RANGES. 

REGRESSION EQUATIONS 

Lithology/Formation of Depth Range Porosity ((p) in percent "Natural" Density (p) in g/cm3 
Pliocene Core Samples in feet versus Depth (z) in feet versus Depth (z) in feet 

All lithologies 
San Joaquin Formation 1700 - 2900 (P.= 38.6 - ..0043z o = 2.044 + .000062z 

All lithologies 
Etchegoin Formation 1900 - 3300 ¢ = 36.1 - .0026z p = 2.045 + .000050z 

Sandstone 
San Joaquin & Etchegoin 

Formations 2050 - 3300 ¢ = 31.8 - .0013z c = 2.136 + .000021z 

Siltstone, Mudstone 
San Joaquin & Etchegoin 

Formations 1700 - 3300 ¢ = 36.8 - .0031z c = 2.060 + .000049z 

Claystone, Shale 
San Joaquin & Etchegoin 

Formations 1800 - 3300 ¢ = 38.9 - .0038z o = 2.036 ± .000057z 
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TABLE 2 

PARAMETERS USED FOR THE NUMERICAL INTEGRATION OF THE INTEGRAL EQUATION 
THAT EXPRESSES THE ANOMALOUS VERTICAL GRADIENT AT A POINT ON A PLANE 
SURFACE IN TERMS OF VALUES OF THE ANOMALOUS GRAVITY FIELD GIVEN ON 
THAT SURFACE. PART A: NUMERICAL MODELS A, B, AND C CONSTRUCTED FROM 
THREE COMPLETE BOUGUER GRAVITY MAPS AND USED TO PROVIDE VALUES OF 
Ag. in (14). PART B: NUMBER n OF Agi VALUES PER ANNULUS AND 
1 ANNULI RADII USED TO NUMERICALLY INTEGRATE (13). 
*****A***********************************************************A***AWA 

PART 

Grid Size 
in feet 

Lambert Coordinates (Calif. 
zone 5) of northwestmost 

grid point in feet 
Array Dimensions 

E-W 

A 
B 
C . 

300 x 300 
2000 x 2000 
loom x 10000 

592,600 N 
616,900 N 
700,000 N 

1,570,000 E 
1,546,400 E 
1,460,000 E 

67 
35 
25 

66 
35 
25 

Note: 300-foot grid values picked from 1:12,000 scale complete Bouguer 
gravity anomaly map contoured at 0.1 mgal interval. 2000-foot grid values 
picked from 1:24,000 scale complete Bouguer gravity anomaly map contoured 
partly at 0.5 and partly at 5.0 mgal intervals. 10,000-foot grid values 
pickcd from 1:2,50,000 scale complete Bouguer gravity anomaly map contoured 
at 5. and 10 mgal intervals. 

*****4********************************************************************* 

PART B 
Annulus Radii in feet Number of Digitized Point Valu3s of Complete 

RI R2 Bouguer Gravity Used to Determine Average 
inner outer Annulus Value of (g.-Ag) in eq.p 

300 600 12 
600 900 20 
900 1200 24 
1200 1500 36 
1500 1800 44 ft )4 
1800 2100 40 

432100 2400 52 w 0 
2400 2700 60 o o

0 4-4
X2700 3000 68 

3000 3300 72 
3300 3600 68 
3600 3900 92 
3900 4200 96 

4200 6200 17 + 3 
6200 8200 23 + 3 
8200 10200 30 + 5 
10200 12200 36 + 4 
12200 14200 41 + 2 cn 
14200 16200 48 + 4 4) 
16200 18200 54 + 4 0 0 

W 0 

18200 20200 61 + 7 01 
4-1 

20200 22200 66 + 4 >.-4 

022200 24200 64 + 6 0) 

24200 26200 81 76 
26200 27690 58 + 10 

27690 37690 21 + 3 
37690 47690 27 + 3 $.4 

47690 57690 34 + 4 
57690 67690 41 + 3 
67690 77690 46 + 4 DI 44 

0 I77690 87690 53 + 5 oo zo87690 97690 58 + 6 
97690 108000 66 T 5 • 

a.************************1,x****A***************************************** 
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TABLE 3 

ERRORS IN THE CALCULATED ANOMALOUS VERTICAL GRADIENT THAT RESULT FROM 
NEGLECT OF THE COMPLETE BOUGUER GRAVITY FIELD BEYOND A RADIAL DIS-
TANCE OF (A) 1 MILE, (B) 5 MILES, AND (C) 20 MILES. THE ERRORS IN 
TERMS OF INTERVAL DENSITY IF THE RESULTS WERE USED IN LIE ANALYSTS 

OF BOREHOLE VERTICAL GRADIENTS ARE GIVEN IN PARENTHESES. 

Calculation (A) (B) (C) 
Point mgal/ft g/cm3 , mgal/ft g/cm3 mgal/ft g/cm3 

# 18 ,.00092 (.036) .00082 (.32) .00015 (?) (.006) (?). 

# 104 .00090 (.035) .00069 (.027) .000]5 (?) (.006) (?) 

# 206 .00189 (.074) .00084 (.33) .00015 (?) (.006) (?) 
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TABLE 4 

EFFECTS IN TERMS OF INTERVAL DENSITY OF USING MEASURED ANOMALOUS 
VERTICAL GRADIENTS INSTEAD OF THE CALCULATED ANOMALOUS VERTICAL 

GRADIENTS IN THE ANALYSIS OF THE BOREHOLE GRAVITY DATA 

Well 

Difference in calculated interval 
density 'caused by use 'of measured instead 
of calculated anomalous verticar gradient 

(g/cm3) 

Julius 5 .01 
.06 

- .03 

. 302725L -- 0 
- .02 
- .01 

54-33D .0] 
- .03 
- .01 

A.P.C. 76 - .06 
- .04 
- .05 

104-33D - .01 
—0 
—0 

Fee 28 .01 

Note: Three values for five of six wells refer from top to bot-
tom to vertical gradients measured between top and inter-
mediate stations, intermediate and bottom stations, and 
top and bottom stations. . 
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TABLE El 

DATA FROM SURFACE GRAVITY SURVEY 

GRAVITY SURVEY OF PORTION OF MIDWAY-SUNSE1 OIL FIELD 

S17. LAMBERT CODRDS. LATITUDE ELEVATION OBSERV. THLORETICAL FREE-AIR TERRAIN BOUGUER 
(CALIF. ZONE 5) NORTH (FEET) ' GRAVITY GRAVITY(1) ANO1ALY(2) CORR.(3) ANOMALY(4) 

. 

•X (FEET) Y (DEG) (MGALS) (MGALS) (MGALS) (MGALS) (MGALS) (5) 

1 1570077. 596120. 35.1290 881.5 979615.75 979756.53 -57.86 0.73 -79.66 A-3 
2 1572685. 596226. 35.1300 840.6 979618.11 979756.56 -59.38 0.61 -80.25 A-5 
3 1575317. 595984. 35.1294 788.3 .979620.97 979756.51 -61.39 0.56 -80.97 A-7 
4 1578040. 596338. s35.1305 710.4 979626.29 979756.61 -63.49 0.54 -81.10 A-9 
5 1580728. 596085. 35.1299 622.3 979632.07 979756.55 -65.95 0.58 -81.27 A-11 
6 1586068. 593447. 35.1228 556.5 979634.06 979755.96 -69.55 0.57 -83.20 C-15 
7 1583435. 593472. 35.1228 618.9 979630.18 979755.95 -67.56 0.57 -82.81 C-13 
S 1580752. 533413. 35.1226 667.7 979627.00 979/55.93 -66.12 0.56 -82.62 C-11 
9 1579140. 543329: 35.1223 717.5 979623.64 979755.91 -64.78 0.57 -82.54 C-10 
10 1578005. 573479. 35.1226 740.3 979622.35 979755.94 -63.96 0.59 -82.28 C-9 
11 1576824. 593231. 35.1219 800.5 979618.28 979755.88 -62.30 0.60 -82.16 C-8 
12 1575432. 593441. 35.224 8,!1.3 979615.85 979755.92, -60.94 0.60 -81.83 C-7 
1? 1573991. 593457. 35.1224 889.9 979612.86 979755.92 -59.36 0.64 -81.46 C-6 
F. 1572761. 593293. 35.1219 937.0 979609.77 979755.88 -57.98 0.69 -81.22 C-5 
15 1570117. 593454. 35.1223 1028.9 979604.02 979755.91 -55.10 0.75 -80.64 C-3 
16 1567348. 543505. 35.1223 1150.8 979596.22 979755.91 -51.44 0.80 -80.05 C-1 
17 1571464. 592328. 35.1192 1050.9 979601.63 979755.65 -55.17 0.73 -81.29 D-4 
18 15/2587. 592394. 35.1194 957.1 979607.91 979755.67 -57.73 0.70 -81.49 0-5 
19 1573844. 592001.. 35.1184 911.9 979610.46 979755.58 -59.34 0.64 -82.00 0-6 
20 1575227. 592173. 35.1189 870.7 979613.12 979755.63 -60.61 0.62 -82.23 0-7 
21 1576513. 592118. 35.1188 827.8 979615.85 979755.62 -61.91 0.61 -82.45 0-8 
22 1578072. 592233. 35.1192 762.0 979620.15 979755.65 -63.83 0.59 -82.70 D-9 
23 1579569. 592239. 35.1193 719.6 979622.81 979755.65 -65.16 0.57 -82.98 0-10 
24 1580711. 592132. 35.1190 693.9 979624.43 979755.63 -65.94 0.56 -83.11 0-11 
25 1588666. 590785. 35.1156 499.3 979635.99 979755.35 -72.39 0.58 -84.56 E-17 
26 1585940. 590678. 35.1152 560.2 979631.97 979755.31 -70.65 0.58 -84.38 E-15 
27 1583412. 590886. 35.1157 628.2 979627.77 979755.35 -68.50 0.57 -83.97 8-13 
28 1581954. 590893. 35.1157 668.3 979625.20, 979755.35 -67.28 0.57 -83.79 8-12 
29 1580709.'59.0812d 35.1154 705.2 979622.86 979755.33 -66.13 0.56 -83.59 8-11 
30 1579421. 590903. 35.1156 740.3 979620.85 979755.34 -64.86 0.58 -83.19 8-10 
31 1578035. 590938.. 35.1157 772.0 979619.0.2 979755.35 -63.72 0.58. -82.86 E-9 
32 1576829, 590981. 35.1157 822.4 979615.72 979755.35 -62.28 0.61 -82.67 8-8 
33 1575256. 590903. 35.1154 882.1 979611.57 979755.33 -60.79 0.63 -82.69 8-7 
34 1573956. 591119. 35.1160 936.6 979608.18 979755.38 -59.09 0.66 -82.36 E-6 
35 1572812. 590923. 35.1154 983.7 979605.41 979755.33 -57.39 0.68 -81.84 E-5 
36 1571384. 590870. 35.1152 1027.6 979602.67 979755.31 -55.98 0.71 -81.53 8-4 
37 1567428. 591045. 35.1155 1290.8 979585.30 979755.34 -48.62 0.86 '-80.74 8-1 
38 1569998. 599563. 35.1116 1061.2 979600.09 979755.00 -55.09 0.81 -81.39 F-3 
39 1571312. 580507. 35.1115 1054.9 979600.22 979754.99 -55.55 0.83 -81.67 F-4 
40 1572867. 509715. 35.1121 933.5 979608.33 979755.04 -58.91 0.72 -82.03 F-5 
41 1574385. 589629. 35.1119 895.6 979610.33 979755.03 -60.47 0.66 -82.68 F-6 
42 1575529. 589623. 35.1120 856.6 979612.87 979755.03 -61.60 0.63 -82.85 F-7 
43 1576627. 589519. 35.1117 828.5 979614.65 979755.01 -62.44 0.61 -82.99 F-8 
44 1578210. 589497. 35.1117 789.9 979616.84 979755.01 -63.88 0.63 -83.43 F-9 
45 1579490. 589595. 35.1120 733.6 979620.52 979755.04 -65.51 0.64 -83.62 F-10 
46 1580834. 569419. 35.1116 673.0 979624.45 979755.00 -67.25 0.61 -83.84 F-11 
47 1502001. 569570. 35.1120 649.8 979625.73 979755.04 -68.18 0.59 -84.19 F-12 
48 1583409. 5895)4. 35.1120 617.8. 979627.71 ,979755.03 -69.21 0.58 -84.41 F-13 
49 1584966. 589893. 35.1131 580.5 979630.26 979755.13 -70.26 0.59 -84.50 1-14 
50 1591384. 588159. 35.1085 477.1 979634.93 979754.74 -74.93 0.57 -86.55 0-19 
51 1590102. 588162. 35.1085 498.0 979633.84 979754.74 0.56 -86.22 6-18 
52 1588637. 588144. 35.1084 524.4 979632.39 979754.73 -73.01 0.56 -85.86 6-17 
53 1587215. 5.98181. 35.'1084 544.5 979631.13 979754.73 -72.39 0.57 -85.74 6-16 
54 1566032. 558174. 35.1084 562.4 979630.18 979754.73 -71.65 0.58 -85.44 6-15 
55 1584711. 588191. 35.1084 582.3 979629.12 979754.73 -70.84 0.59 -85.12 6-14 
56 1583368. 588193. 35.1083 603.9 979627.91 979754.72 -70.00 0.60 -84.83 6-13 
57 1581819. 506201. 35.1083 636.9 979626.13 979754.72 -60.68 0.63 -84.33 6-12 
50 1580622. 568448. 35.1089 662.2 979624.88 979754.77 -67.62 0.64 -83.89 0-11 
59 1579402. 588164. 35.1081 708.1 979621.81 979754.71 -66.28 0.67 -83.70 6-10 
60 1578210. 587972. 35.1075 768.4 979617.77 979754.66 -64.61 0.71. -83.53 G-9 
61 1576633. 588164. 35.1080 867.1 979611.36 979754.70 -61.77 0.64 -83.28 6-8 
6.2 1575361. 588164. 35.1079 890.3 979610.03 979754.69 -60.92 0.65 -83.02 G-7 
63 1574028. 588165. 35.1079 938.0 979607.10 979754.69 -59.36 0.70 -82.63 G-6 
64 1572783. 586115. 35.1077 1006.7 979602.82 979754.67 -57.16 0.76 -82.12 6-5 
65 1571492. 588172. 35.1078 1061.0 979599.51 979754.68 -55.37 0.80 -81.68 0-4 
66 1569944. 588166. 35.1077 1074.5 979598.85 979754.67 -54.75 0.84 -81.36 G-3 
67 1567388. 588191. 35.10/7 1159.0 979593.74 979754.67 -51.91 0.95 -80.57 6-1 
68 1570005. 587043. 35.1046 1106.8 979596.38 979754.41 -53.92 0.89 -81.31 11-.3 
69 A571037. 586872. 35.1042 1071.6 979598.50 979/54.38 -55.09 0.81 -81.65 4-.4 
70 1572752. 586894. 35.1043 1005.0 979602.73 979754.37 -57.13 0.72 -412.08 H-5 
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GRAVITY SURVEY OF PORTION OF MIDWAY-SUNSET OIL FIELD 

STA lt,MBEKI GOURDS. LATITUDE ELEVATION 08SERV. THEORETICAL FREE-AIR TERRAIN BOUGUER 
(CALIF. ZONE 51 NORTH (FEET) GRAVITY GRAVITY(1) ANOMALY(2) CORR.(3) ANOMALY(4) 
X (FEET) Y (DEG) (MGALS) (MGALS) (MGALS) (MGALS) (MGALS) 11 

71 1573990. 586935. 35.1045 963.4 979605.23 979754.40 -58.56 0.70 -82.47 H-6 
72 1575431. 586814. 35.1042 914.2 979608.13 979754.38 -60.26 0.68 -82.93. H-7 
73 1576705. 586858. 35.1044 870.0 979610.71 979754.39 -61.85 0.68 -83.40 H-8 
74 1578025. 506977. 35.1048 811.0 979614.36 979754.42 -63.78 0.79 -83.71 H-9 
75 1579742. 586425. 35.1033 682.4 979622.70 979754.30 -67.41 0.70 -84.14 H-I0 
76 1580633. 586707. 35.1041 660.9 979624.10 979756.37 -68.11 0.68 -84.32 H-11 
77 1581903. 586778. 35.1044 646.8 979624.56 979754.39 -68.99 0.64 -84.87 H-12 
78 1583359. 586655. 35.1041 627.5 979625.33 979754.37 -70.02 0.61 -85.44. H-13 
79 1584589. 586837. 35.1046 604.8 979626.68 979754.41 -70.84 0.60 -85.70 H-14 
86 1586000. 586848. 35.1047 578.8 974628.25 979754.42 -71.72 0.58 -85.93 H-r5 
81 1587006. 586877. 35.104$ 560.7 979629.33 979754.43 -72.36 0.57 -86.11 H-16 
82 1591451. 586789. 35.1048 490.5 979633.10 979754.42 -75.19 0.56 -87.16 H-19 
83 1591346. 585564. 35.1014 500.8 979631.84 979754.14 -75.19 0.57 -87.42 1-19 
84 1589889. 585392. 35.1009 526.2 979630.26 979754.09 -74.34 0.58 -87.21 1-18 
85 1588706. 535426. 35.1009 540.9 979629.50 979754.10 -73.72 0.58 -86.96 1-17 
86 1587387. 58546. 35.1009 550.5 979629.29 979754.10 -73.03 0.60 -86.19 1-16 
87 /586150. 585475. 35.1010 576.6 979627.67 979754.10 -72.20 0.60 -86.33 1-15 
88 1584806. 585485. 35.1009 610.4 979625.60 979754.10 -71.08 0.60 786.07 1-14 
89 -1583361. 585456. 35.1008 639.6 979624:08 979754.09 -69.85 0.61 -85.57 1-13 
90 4 1582017. 585657. 35.1013 665.1 979622.60 979754.13 -68.97 0.64 -85.32 1-12 
91 1580664. 585629. 35.1012 683.1 979621.88 979754.12. -67.98 , 0.67 -84.76 1-11 
92 1579459. 585746. 35.1014 712.6 979620.23 979754.14 -66.88 0.72 -84.36 1-10 
93 1578242. 585714. 35.1013 778.5 979615.92 979754.13 -64.99 0.83 -84.05 1-9 
94 1576924. 585612. 35.1010 851.6 979611.08 979754.10 -62.92 0..76 -83.91 1-8 
95 1575464. 565600. 35.1009 913.9 979607.29 979754.09 -60.85 0.70 -83.49 1-7 
96 1574402. 585757. 35.1013 946.1 979605.22 _979754.13 -59.91 0.74 -83.34 1-6 
97 1572810. 585620. 35.1008 1054.3 979597.94 979754.09 -56.99 0.82 -83.10 1-5 
98 1571310. 585786. 35.1012 1108.4 97994.94 979754.12 -54.93 0.94 -82.30 1-4 
99 1569936. 585742. 35.1011 1139.0 979593.3'9 979754.11 -53.58 1.00 -81.69 1-3 
100 1567381. 585759. 35.1010 1372.5 979579.03 979754.10 -45.97 0.93 -80.11 1-1 
101 1571403. 5342,47. 35.0970 1114.6 979593.39 979753.77 -55.54 0.99 -83.0.? 3-4 
102 1572871. 584296. 35.0972 1025.5 979598.72 979753.78 -58.61 0.90 -83.91 3-5 
103 1574115. 584487. 35.0978 942.6 979604.23 979753.83 -60.94 0.82 -84.20 J-6 
104 1575531, 584421. 35.0977 870.6 979608.84 979753.82 -63.10 0.78 ' -84.56 3-7 
105 1576690. 584403. 35.0977 831.8 979611.34 979753.82 -64.24 0.73 -84.76 3-8 
106 1578226. 534142. 35.0970 766.5 979615.34 979753.76 -66.33 0.77 -85.14 J-9 
107 1579451. 584372. 35.0977 740.8 979617.00 979753.82 -67.14 0.68 -85.39 J-10 
108 1580721. 584254..35.0974 712.4 979618.66 979753.80 -68.12 0.65 -85.68 J-,11 
109 1582167. 584398. 35.0979 676.0 979621.09 974'753.86 - -69.16 0.64 -85.79 J-12 
110 1583319. 584383. 35.0979 651.1 974622.57 979753.84 -70.02 ,0.62 -86.03 j-13 
111 1584472. 536383. 35.0979 622.9 9i79624.38 979753.84 -70.87 0.62 -86.17 J-14 
112 1585505. 584127..35.0972 610.5 979625.13 979753.78 -71.22 , 0.66 -86.16 3-15 
113 1587286. 584196. 35.0975, 572.7 979627.69 979753.81 -72.25 0.60 -86.27 3-16 
114 1588592. 584205. 35.0976 .558.6 979628.27 979753.81 -73.00 0.59 -86.68 J-17 
115 1591308. 583880. 35.0968 5618.9 979629.93 979753.74 -75.01 0.60 -87.67 J-19 
1/6 1591325. 582805. 35.0938 528.8 979628.71 979753.50 -75.05 .62 -87.94 K-19 
117 1588577. 582869. 35.0939 567.3 979626.36 979753.50 -73.78 0.60 -87.67 K-17 
118 1587362. 582918. 35.0940 586.2 979625.34 979753.51 -73.03 0.62 -87.39 K-16 
119 1586227. 582879. 35.0938 601.0 979624.58 979753.50 -72.39 0.62 -87.12 K-15 
120 1583240. 532948. 35.0939 646.4 979621.83 979753.50 -70.88 0.69 -86.70 K-13 
121 1581835. 582490. 35.0926 700.2 979617.78 979753.39 -69.75 0.68 -86.96 K-12 
122 1580789. 582994. 35.0939 716.7 979617.38 979753.51 -68.71 0.67 -86.35 K-11 
123 1579308. 583019. 35.0939 754.4 979614.99 979753.51 -67.56 0.70 -86.14 K-10 
124 1577581. 582955. 35.0937 804.9 979612.00 979753.49 -65.78 0.74 -85.60 K-9 
125 1576629. 583057, 35.0939 834.6 979610.27 979753.51 -64.73 0.78 -85.27 K-8 
126 1575378. 582986. 35.0937 954.7 979601.97 979753.49 -61.71 0.86 -85.24 K-7 
127 1574300. 583196. 35.0942 964.6 979601.65 979753.53 -61.14 0.84 -84.95 K-6 
128 1572840. 583176. 35.0941 1037.4 .979597.14 979753.52 -58.79 1.11 -84.19 K-5 
129 1570251. 532597. 35.0924 1212.7 979586.59 979753.38 -52.73 1.08 . -82.63 K-3 
130 1567737. 583452. 35.0947 1439.4 979571.60 979753.57 -46.59 1.14 -82.22 K-1 
131 1573203. 582329. 35.0918 1045.5 97%596.07 979753.33 -58.92 0.95 -84.67 L-5 
132 1574244. 581824. 35.0905 1041.9. 979595.37 979753.21 -59.83 1.14 -85.31 1-6 
133 1575583. 581873. 35.0907 938.6 979602.32 979753.23' -62.61 0.93 -85.67 1-7 
134 1576806. 581563. 35.0899 809.9 979610.66 979753.16 -66.32 0.95 -86.06 L-8 
135 1577848. 581980. 35.0910 833.1 979609.32 979753.26 -65.57 080 -86.06 1-9 
136 1579608. 591809. 35.0906 748.0 979614.26 979753.22 -68.61 0.71 -87.01 1-10 
137 1580569. 581779. 35.0906 729.3 979615.35 979753.22 -69.28 0.69 -87.22 1-11 
138 1582408. 581776. 35.0907 676.4 979618.50 979753.23 -71.10 0.70 -87.68 1.-12 
139 1583333. 561728. 35.0906 655.1 979619.80 979753.22 -71.81 0.67 -87.87 1-13 
140 1584804. 5E11558. 35.0901 634.2 979620.80 979753.18 -72.73 0.66 -88.27 1-14 
141 1586314. 581600. 35.0903 614.5 979621.95 979753.20 -73.45 0.64 -88.51 1-15 
142 1587267. 591551. 35.0902 601.7 979622.66 979753.19 -73.94 0.63 -88.68 1-16 
143 1588609. 581528. 35.0902 584.0 979623.92 979753.19 -74.33 0.62 -88.63 1-17 
144 1589957. 581519. 35.0902 562.7 979625.60 979753.19 -74.67 0.62 -88.42 1-18 
145 1591310. 581775. 35.0910 539.7 979627.36 979753.25 -75.13 0.63 -88.29 1-19 
146 1591351. 580107. 35.0864 560.6 979624.47 979752.87 -75.66 0.64 -89.35 14-19 
167 1588561. 580248. 35.0867 601.1 979621.35 979752.89 -75.00 0.63 -89.73 14-17 
148 1587398. 560163. 35.0864 619.3 979619.98 979752,87 -7.4.63 0.65 -89.81 M-16 
149 1586175. 58.0137. 35.0863. 635.9 97961b.72 979752.86 -74.33 0.66 -89.92 : M-15 
150 1534705. 589358. 35.0869 654.8 979617.70 979752.90 -73.62 0.67 -89.67 M-14 
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GRAVITY SURVEY OF PORTION OF MIDWAY-SUNSET OIL FIELD 

STA LAMBERT conikos. LATITUDE ELEVATION OBSERV. THEORETICAL FREE-AIR TERRAIN BOUGUFR 
(CALIF. ZONE 5) 
X (FEET) Y 

NORIH 
(DEG) 

(FEET) GRAVITY 
(('(GALS) 

GRAVIIY(1) ANUMALY(2) CORR.(3) 
(MGALS) (MGALS) (MGALS) 

ANOMALY(4) 
(MGALS) (5) 

151 1583409. 580317. 35.0867 670.9 979616.72 979752.89 -73.07 0.67 -89.54 M-13 
152 1581975. 580316. 35.0866 692.9 979615.60 979752.88 -72.11 0.71 -89.11 M-12 
153 1580662. 580284. 35.0865 729.1 979613.63 979752.87 -70.66 0.77 -88.52 ('(-Ii 
154 1579285. 580435. 35.0869 782.4 979610.72 979752.90 -68.59 0.77 -87.80 M-10 
155 1578111. 580474. 35.0869 848.4 979606.94 979752.91 -66.17 0.90 -86.94 M-9 
156 1576422. 580786. 35.0877 910.7 979603.45 979752.98 -63.86 1.02 -86.11 M-8 
157 1575386. 580636. 35.0872 933.8 979602.21 979752.94 -62.89 0.92 -85.82 M-7 
158 1574408. 580703. 35.0874 910.5 979604.28 979752.95 -63.02 1.10 -85.19 M-6 
159 1575662. 578959. 35.0827 969.0 979599.85 979752.55 -61.55 0.82 -85.48 N-7 
160 1577086. 578747. 35.0821 956.2 979599.87 979752.50 -62.69 0.78 -86.34 N-8 
161 1578360. 579139. 35.0833 911.7 979601.53 979752.60 -65,31 0.96 -87.64 N-9 ' 
162 1579170. 579109. 35.0832 '832.0 979606.12 979752.59 -68.22 0.89 -88.58 N-10 
163 1580958. 578911. 35.0827 732.5 979611.35 979752.551 1-72.30 0.85 -90.17 N-I1 
164 1582085. 579078. 35.0332 701.7 979613.48 979752.60 -73.11 0.74 -90.30 N-12 
165 1583504. 578861. 35.0827 695.1 979613.38 979752.55 -73.78 0.68 -90.87 N-13 
166 1584740. 57021. 35.0832 673.8 979614.76 979752..59 -74.45 0.66 -91.00 N-14 
167 1586171. 578805. 35.0826 655.3 979616.15 979752.55 -74.75 0.66 -90.84 N-15 
168 1567366. 578652. 35.08. ' 639.5 979617.18 979752.51 -75.18 0.64 -90.87 N-I6 
169 1568555. 576714. 35.0825 618.3 979618.90 979752.53 -75.48 0.64 -90.64 N-I? 
170 1591280. 578879. 35.0830 573.7 979622.57 979752.58 -76.04 0.64 -90.06 N-19 
171 1591245. 576421. 35.0763 601.9 979619.26 979752.01 -7,6.14 6.67 -90.84 P-19 
172 1589934. 576560. 35.0766 621.5 979617.69 979752.04 -75.89 0.67 791.10 P-I8 
173 1588609. 576623. 35.0767 637.3 979616.77 979752.05 -75.33 0.67 -90.94 P-17 
174 1587544. 576548. 35.0765 660.6 9796,15.25 979752.03 -74.64 0.67 -90.84 P-16 
175 1586139. 576518. 35.0764 . 690.7 979613.02 979752.01 -74.03 0.67 -91.00 P-15 
176 1584897. 576525. 35.0763 710.9 .979611.82 979/52.01 -73.32 0.68 -90.80 P-14 
177 1583483. 576609. 35.0765 733.3 979610.31 979752.03 -72.75 0.69 -90.79 P-13 
176 1582349. 576591. 35.0764 754.0 979609.29 979752.02 -71.80 '0.70 -90.37 P-12 
179 1580805. 576606. 35.0764 776.4 979608.67 979752.02 -70.32. 0.76 -89.40 P-11 
180 1579291. 576840. 35.0770 891.6 979602.04 979752.07 -66.17 0.84 -88.11 P-I0 
181 1577817. 576744. 35.0767 873.2 979604.57 979752.04 -65.34 0.84 -86.81 P-9 
182 1576783. 577036. 35.0774 944.5 979600.87 979752.10 -62.39 0.84 -85.69 P-8 
. 183 1575419. 576874. 35.0769 975.1 979599.36 979752.06 -60.98 0.91 -84.98 P-7 
184 1580686. 575347. 35.0729 794.9 979608.06 979751.72 -68.90 0.75 -88.46 Q-11 
185 1586123. 575183. 35.0727 702.2 979612.55 9797,51.70 -73.11 0.68 -90.36 Q-15 
186 1591253. 575034. 35.0725 615.2 979617.80 979751.69 -76.01 0.71 -91.02 0-19 
187 1591244. 573768. 35.0690 622.9 979617.19 979751.39 -75.61 0.73 -90.79 R-I9 
188 1589564. 573813. 35.0691 656.6 979615.02 979751.40 -74.61 0.7? -90.66 R-18 
189 1588513. 573839. 35.0691 674.8 979613.80 979751.40 -74.11 0.71 -96.64 R-17 
190 1587355.. 573883. 35.0692 698.1 974612.32 979751.40 -73.41 0.73 -90.52 R-I6 
191 1586107. 573894. 35.0692 723.4 979610.84 979751.40 -72.51 0.71 -90.29 R-15 
192 1584768. 573938. 35.0692 742.1 979610.00 979751.41 -7k.60 0.71 -89.85 R-I4 
193 1583220. 574011. 35.0694 778.1 979608.20 979751.4? -70.04 0.71 -89.20 R-13 
194 1582174. 574001. 35.0693 802.0 979606.92 979751.41 -69.06 0.73 -88.82 R-I2 
195 1580821. 574078. 35.0695 823.3 979606.11 979751.43 -67.88 0.75 -88.16 R-11 
196 1578151. 575057. 35.0720 910.6 979601.53 979751.65 -64.47 0.77 -86.96 R-9 
197 1577072. 574543. 35.0706 937.2 979600.32 979751.52 -63.05 0.82 -86.17 R-8 
198 
199 

1575512. 574177. 35.0695 
1575360. 589145. 35.1106 

1016.3 
863.0 

979596.35 
979612.20 

979751.43 .-59.49 
979754.92 -61.54 

0.89 
0.66 

-p4.56 
-82.93 

R-7 
Fl-7 

200 1578386. 588826. 35.1099 793.8 979616.31 979754.86 -63.88 0.68 -83.48 Fl-'? 
201 1576653. 588747. 35.1096 869.5 979611.42 979754.83 -61.63 0.66 -83.19 F1-8 
202 1580872. 587432. 35.1061 648.7 979625.23 979754.54 -68.30 0.67 -84.20 6111 
203 1578339. 587488. 35.1062 761.6 979618.08 979754.54 -64.83 0.68 :83.60 61-9 
204 1575202. 587538. 35.1062 907.5 979608.74 979754.54 -60.44 0.65 -82.97 61-7 
205 1576646. 587533. 35.1062 852.4 979612.21 979754.55 -62.16 0.68 -83.26 61-8 
206 1574129. 587520. 35.1061 941.5 979606.64 979754.54 -59.34 0.69 -82.70 61-6 
207 1588318. 506935. 35.1051 536.4 979630.75 979754.45 -73.24 0.57 -86.38 H-17 
208 1581794. 586155. 35.1027 657.3 979623.50 979754.24 -68.92 0.64 -85.07 H112 
209 1579050. 586702. 35.1041 724.8 979620.08 979754.36 -66.10 0.71 -83.92 114-9 
210 1576923. 586046. 35.1022 847.9 979611.66 979754.20 -62.79 0.71 -83.74 111-8 
211 1579280. 586228. 35.1027 768.0 979617.05 979754.25 -64.96 0.71 -83.88 H1-9 
212 1575391. 586233. 35.1026 908.0 979608.28 979754.24 -60.56 0.69 -83.06 H1-7 
213 1573895. 586241. 35.1026 465.3 979604.51 979754.24 -58.93 0.72 -82.87 H1-6 
214 1586068. 586191. 35.1029 578.2 979627.96 979754.27 -71.92 0.59 -86.10 1-4115 
215 1583397. 586068. 35.1025 630.8 979624.79 979754.23 -70.11 0.61 -85.61 11113 
216 1584672. 586237. 35.1030 606.0 979626.22 979754.27 -71.05 0.60 -85.93 11114 
217 1583280. 585085. 35.0998 645.2 979623.60 979754.00 -69.71 0.62 -85.57 1113 
218 1579266. 585175. 35.0999 719.0 979619.32 979754.01 -67.06 0.71 -84.72 1110 
219 1582095. 584964. 35.0994 672.8 979621.77 979753.97 -68.92 0.64 -85.47 1112 
220 1580716. 584849. 35.0990 704.5 979619.75 979753.94 -67.92 0.65 -85.27 1111 
221 1578257. 584721. 35.0986 778.8 979614.97 979753.90 -65.67 0.73 -84.84 12-9 
222 1578187. 585190. 35.0999 800.4 979513.90 979754.01 -64.82 0.85 -84.41 11-9 
223 1584819. 584915. 35.0991 614.4 979625.31 979753.94 -70.84 - 0.61 -85.93 1114 
224 1583268. 583926. 35.0966 646.3 979622.56 979753.73 -70.38 0.64 -86.25 J113 
225 1575586. 583614. 35.0954 864.1 979608.62 979753:63 -63.74 0.93 -84.99 J1-7. 
226 1580702. 583813. 35.0962 714.9 979618.18 979753.70 -6E1.27 0.66 -85.87 J111 
227 1576455. 583673. 35.0956 846.4 979609.94 979753.65 -64.20 0.75 -85.07 J1-8 
228 1579377. 583609. 35.0956 755.7 979615.39 979753.64 -87.17 0.68 -85.80 J110 
229 1589846. 584133. 35.0974 540.3 979628.85 979/53.80 -74.12 0.59 -87.34 J-18 
230 1581854. 583713. 35.0960 686.3 979619.8_8. 979753.68 -69.25 0.68 -86.10 J112 
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GRAVITY SURVEY OF PORTION OF MIDWAY-SUNSET OIL 1--1) 

STA LAMBERT COORDS. LATITUDE ELEVAIION OBSERV. THEORETICAL FREE-AIR liKRAIN BOUGUER 
(CALIF. 201E 5) NORTH (FEET/ GRAVITY GRAVITY(I) ANOMALY(2) CORR.(3) ANOMALY(4) 
X (FEET) Y (DEG) (MGALS) (MGALS) (MGALS) (MGALS) (MGALS) (5) 

231 1582175. 533308. 35.0949 687.8 979619.46 979753.58 -69.43 0.68 -86.32 J212 
' 232 1583335. 583416. 35.0952 632.0 977623.21 979753.61 -7d.96 0.68 -86.42 J213 

233 1584388. 583726. 35.0947 625.2 979623.40 979753.57 -71.36 0.65 -86.68 J214 
234 1584374. 584085. 35.0971 1625.3 979623.99 979753.77 -70.96 0.63 -86.31 J114 
235 1586360. 584012. 35.0969 580.8 979626.96 979753.76 -72.17 0.62 -86.39 J115 
236 1584778. 582267. 35.0921 622.6 979622.45 979753.35 -72.34 0.65 -87.59 K114 
237 1581872. 581881. 35.0909 721.0 979.615.69 979753.25 -69.74 0.68 -87.48 KAl2 
238 1578532. 583074. 35.0941 773.8 979613.96 979753.52 -66.77 0.72 -85.82 KA-9 
239 2580458. 582402. 35.0923 722.4 979616.47 979753.37 -68.95 0.68 -86.72 K111 
2'.0 1579465. 582534. 35.0926 747.6 979615.01 979753.39 -68.07 0.71 -86.46 K110 
241 1583320. 582324. 35.0922 663.2 979619.97 979753.36 -71.00 0.70 -87.24 K113 
242 1578628. 591780. 35.0905 771.4 979613.00 979753.22 -67.66 0.78 -86.59 14-9 
243 1550565. 551069. 35.0886 742.2 979613.68 979753.06 -69.57 0.70 -87.83 L111 
244 1579665. 581178. 35.0889 754.3 979613.20 979753.08 -68.93 0.73 -87.47 1110 
245 1584779. 580808. 35.0891 645.8 979618.97 979753.01 -73.29 0.67 -89.12 L114 
246 1583413. 560992. 35.0885 662.5 979618.29 979753.05 -77.44 0.68 -88.69 1113 
247 15062!.9. 580891. 34.0E184 623.9 979620.52 979753.03 -73.83 0.65 -89.12 1115 
248 1551950. 579788. 35.0352 692.8 979614.83 979752.76 -72.77 0.73 -89.74 $1112 
249 1581076. 579792. 35.0852 710.0 979613.96 979752.76 -72.02 0.77 -89.38 MIII 
250 1586105. 579499. 35.0845 646.8 979617.29 979752.71 -74.58 0.65 -90.45 M115 
251 1584712. 579771. 35.0852 662.4 919616.41 979752.77 -73.99 0.67 -90.25 M114 
292 1562206. 578398. 35.0814 715.3 979611.97 979752.44 873.19 0.72 -90.75 NI12 
25) 1580798. 5:6333. 35.0811 770.7 979608.62 979752.42 -71.31 0.81 -90.19 N111 
254 1580933. 577/61. 35.0796 793.4 979606.99 979752.29 -70.67 0.81 -90.13 N211 
255 1553527. 571408. 35.0737 718.8 979610.96 979752.21 -73.65 0.67 -91.34 N213 
256 1577665. 5/9699. 35.0791 898.3 979603.25 979752.26 -64.51 0.84 -86.62 N1-9 
257 1583478. 578-051. 35.0805 710.5 979611.71 979752.36 -73.82 0.67 .-91.30 N113 
298 1562399. 517590. 35.0792 729.7 979610.66 979752,.25 -72.96 0.72 -90.88 N212 
259 1584786. 577651. 35.0794 695.4 979612.65 979752.27 -74.21 0.67 -91.31 N214 
260 1586150. 577406. 35.0790 676.1 979614.07 979752.23 -74.57 0-.67 -91.18 N115 
261 1583357. 574812. 35.0716 765.5 979609.01 979751.61 -70.60 0.71 -89.45 P213 
262 1580721. 55934. 35.0746 788.1 979608.29 979751.86 -69.45 0.75 -88.83 P111 
263 1592311. 5/5722. 35.0740 769.3 979608.68 979751.82 -70.78 0.71 -.89.71 P112 
264 1579970. 576102. 35.0750 801.3 979607.90 979/51.90 -68.62 0.77 -88.32 P110 
265 1585518. 5/5828. 35.0744 747.3 979609.76 979751.84 -71.79 0.69 -90.19 P113 
266 1582160. 574719. 15.0713 780.1 979607.74 979751.58 -69.53 0.72 -88.99 Q112 
267 1560564. 574699. 35.0712 815.4 979606.65 979751.57 -68.23 0.76 -88.30 Q111 
268 1579475. 575146. 35.0723 820.6 979606.80, 979751.67 -67.69 0.80 -87.85 0-10 
269 1581794. 5/3100. 35.0668 816.9 979605.99 979751.20 -68.37 0.74 -88.50 S-11 
270 1582645. 583110. 35.0470 800.5 979606.76 979751.22 -69.18 ,0.73 -88.89 S-12 
2/1 1584474. 584597. 35.0985. 624.7 979624.50 979753.89 -70.63 0.61 -85.98 CO-2 
27e 1584294. -591170. 35,0891 645.6 979619.62 979753.09 -72.74 0.67 -88.57 0014 

.273 1582325. 576487. 35.0761 756.2 979609.27 979751.97 -71.60 0.71 -90.21 0015 
274 15823/8. 570639. 35.0820 709.9 979612.49 979152.49 -73.23 0.71 -90.66 QD11 
275 1581330. 580008. 35.0855 706.0 979614.46 979752.81 -71.94 0.76 -89.22 0010 
276 1585533. 561623. 35.0903 625.2 979621.34 979753.20 -73.05 0.64 -88.38 0012 
277 15E6522. 583003. 35.0942 596.5 979624.86 979753.52 -72.54 0.62 -87.16 0013 
278 1586179. 582234. 35.0521 608.5 979623.24 979755.35 -72.87 0.63 -87.78 K115 
2/9 1586131. 583498. 35.0955 589.8 979625.91 979753.64 -72.26 0.63 -86.70 J215 
280 1586173. 584783. 35.0991 586.8 979627.01 979753.94 -71.73 0.60 -86.13 1115 
281 1579174. 579769. 35.0850 762.0 979610.11 979752.75 -69.08 0.78 -88.28 M110 
282 1579583. 57/923. 35.0800 877.1 979602.52 979752.32 -67.31 0.91 -88.80 N210 
283 1572800. 576522. 35.0767 1081.6 979592.59 979752.04 -57.72 1.20 -84.14 P-5 
284 1580623. 586734. 35.1028 667.6 979623.35 979754.26 -68.11 0.68 -84.49 Hill 
285 1582329. 581046. 35.0887 780.4 979616.07 979753.06 -71.11 0.68 -88.32 L212 
206 1581555. 577410. 35.8786 758.7 975609.06 979)52.21 -71.78 0.74 -90.42 MJ76 
287 1583970. 593884. 39.0965 632.2 979623.41 979753.72 -70.84 0.64 -86.36 JUL5 
288 1583800. 5824(12: 35.0926 636.2 979621.96 979753.39 -71.59 0.67 -87.17 S302 

(I) BASED ON 181ERNATIONAL GRAVITY FORMULA(1930) 
(2)BASED ON TH:ORETICAL FREE-AIR VERTICAL GRADIENT 
(3)BASED ON 2.00 G/CC TERRAIN DENSITY 
141 BASED ON SLAB DENSITY 2.00 6/CC - TERRAIN CORRECTION INCLUDED 
(5) CROON') SURVEY E MAP DESIGNATION OF STATION 
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TABLE E2 

DATA FROM BOREHOLE GRAVITY SURVEYS 

BOREHOLE GRAVITY SURVEY 
OPERATORMASERELL/1"0/: S. O. CO CALIF Anti% PACIFIC CORP 676 3525 FT 
LOCATION: 36-12N-24W15.8.8.E11.1 MIDWAY-SUNSET OIL FIELD KERN CO CALIF 

STA STATION ELEVATION DE8TH NIL ELECTRIC RELATIVE TERRAIN DELIA DELTA INTERVAL VERT GRAD INTERVAL DENSITY 
WELL HCAD LOG DEPTH GRAVITY CORRITC1 G Z IMGALS/FT1 IG/GC1

I1EETI (METERS) (FEET) (FEET) 1MGALSI 1MGALS1 IMGALSI (FEET) w/0 IC W/ IC W/0 TC W/ IC 404, 

757.7 230.94 0.0 4.9 0.0 0.854 
0.417 8.40 0.04964 0.05036 1.74. 1.713 1.624 

2 749.3 228.38 9.4 13.3 0.417 0.860 
0.04011 0.04100 2.115 2.080 1.99/ 

3 656.3 200.05 101.4 106.3 4.146 0.942 3.729 92.96 
6.515 164.52 0.03960 0.04076 2.1,35 2.089 2.0C. 

4 491.8 149.92 265.9 270.8 10.661 1.133 
1.251 4.288 113.43 0.03780 0.03884 2.205 2.164 2.076 

5 378.4 115.33 379.3 384.2 14.94c 
.1.85E 50.09 0.03709 0.03809 2.233 2.194 2.105 

6 326.3 100.06 429.4 434.3 16.80; 1.301 
2:671 77.21 0.03459 0.03560 2.331 2.291 2.203 

7 25/.1 76.53 506.6 511.5 19.478 1.379 
2.782 79.52 0.03498 0.03597 2.316 2.277 2.189 

8 111.5 52.29 586.1 591.0 22.260 1.457 
0.348 10.13 0.0,3435  0.03534 2.340 2.302 2.213 .9 161.4 49.20 ' 596.3 601.2 22.608 1.467 
0.925 27.93 0.03312 0.03412 2.389 2.349 2.261 

10 137., 40.69 624.2 629.1 23.533 1.495 
1.697 49.45 0.03430 0.03527 2.343 2.305 2.216 

11 84.5 25.61 673.7 678.6 25.230 1.543 
0.772 19.29 0.04002 0.04101 2.118 2.080 1.991 

12 6,.7 19.71 693.0 697.9 26.00, 1.562 
1.422 4e.85 0.03481 0.03579 2.322 2.284 2.195 

13 23.9 7.2,1 733.8 738.7 27.424 1.602 
0.907 23.65 0.03835 0.03932 24484 2.146 2.057 

14 0.5 0.07 757.5 762.4 28.3?! 1.625 
3.241 82.7q 0.03919 0.04016 2.151 2.1.13 2.02, 

:5 -12.5 -25.14 840.2 845.1 31.57. 1.705 
(474e 20.65 0.03022 0.03719 2.267 2.229 2.141 

16 -103.1 -31.43 860.8 865.7 32.320 1.725 
0.462 12.03 0.03840 0.03940 2.182 2.14g 2.064 

11 -115.7 -35.10 872.8 877.7 32.732 1.737 
0.762 21.35 0.03569 0.03663 2.288 2.251 2.163 

18 -116.5 -41.61 33.544 1.757 
1.257 27.49 0.04573 0.04667 1.895 1.857 1.769 

19 -164.0 -44299 921.7 926.6 34/601 1.703 . 
3.687 81.71 0.04757 0.04853 1.822 1.785 1.696 

20 -2,5.7 -74.85 1033.4 1008.3 31.658 1.861 
3.687 81.95 0.04499 0.04594 1.923 1.886 1.797 , 

21 -327.7 -99.87 1065.3 1090.2 42.375 1.939 
3.570 82.31 0.04347 0.04441 1:983 1.946 1.858 ,22 -410.0 -124.96 1167.6 1172.5 45.951 2.015 
3.596 81.71 5.C401 0.04493 1.9o2 1.926 1.837 

23 -491.7 -149.87 124c.4 1754.3 49.549 2.091 
3.774 82.40 0.04580 0.04672 1.897 1.855 1.767 

24 -504.1 -1/,..98 1331.8 1336.7 53.323 2.117 
3.650 61.6i 0.04472 0.04563 1.934 1.898 1.810 

25 -65'.7 -199.06 1413.4 1418.3 56.973 2.291 
6.008 164.22 0.04146 0.04236 2.062 2.027 1.938 

26 -819.3 -149.91 1577.6 1982.1 63.781 2.389 
6.650 164.01 0.04055 0.04142 2.098 2.063 1.975 

27 -903.9 -299.90 1741.6 1746.5 70.431 2.533 
1.560 42.51 0.03670 0.03757 2.248 2.214 2.126 

28 -1021.4 -312.86 174.1 1769.0 71.991 2.570 
4.001 99.76 0.04312 0.04098 2.114 2.081 1.992 

29 -1126.2 -343.27 1803.9 1898.8 75.993 2.656 
1.000 29.51 0.03389 0.03477 2.359 2.324 2.236 

30 -1155.7 -352.26 1913.4 1918.3 76.993 2.682 
6.102 157.03 0.03886 0.03971 2.164 2.131 2.042 

31 -1312.7 -409.12.. 2C70.4 2075.3 83.095 2.815 
3..446 83.61 0.04122 0.04205 2.071 2.039 4.950 

32 -1196.3 -425.61 254.0 2158.9 86.541 . 2.885 
3.366 80.21 0.04197 0.04280 2.042 2.009 1.921 

33 -1476.5 -450.06 2,34.2 2239.1 89.907 2.952 
.3.C99 81.9l 0.04272 0.04354 2.017 1.980 1.892 

34 -1558.5 -475.02 2316.1 2321.0 93.406 3.019 
3.504 81.91 0.04278 0.04360 2.010 1.978 1.889 

35 -1640.4 -459.99 2398.0 2402.9 96.910 3.086 

8451 SIA AT CSC. FLANGE: 919609.06 MGALS 757.7 FTGRAV 
8 5/8 I4CH :5G HOLE DEVIATION NEGLIGIBLE ELECTRIC LOGI19548591 58-3525 FT 
00A WITH CORRECTIONS FOR TERRAIN 6 -.00222 MCAL/FT ANOMALOUS VERTILAL GRADIENT 

CALCULATED 18061 COMPLETE BOUGUER GRAVITY MAP. 

https://919609.06
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BOREHOLE GRAVITY SURVEY 
OPERATEWLEASE/5ELL/T0/: STANDARD OIL CO CALIFORNIA 6106-33D 3291 fI 
LOCA110%: 13-325-2461M.D.8.6M.1 MIDWAY-SUNSE1 OIL FIELD KERN CO CALIF 

$TA 58A:109 ELEVATION DEPTH REL ELFCT4IC RELATIVE TERRAIN DELTA DELTA 1N1ERVAL VERT GRAD INTERVA6 GENSIVY 
WILL HEAD LOG DEPTH GRAVITY CORRI1C1 G 2 IMGALS/FT1 I0/CC1 

(FEET) 16ETERS1 (FEET) (FEET) (MGALS) IMGAL51 IMGALS1 (FEET) W/O TC W/ TC W/O TC W/ IC 660 

1 736.8 223.95 0.0' ' 6.3 0.0 0.715 
I . 0.430 8.40 0.05119 0.05238 1.680 1.634 1.609 

2 /26.3 221.39 6.4 14.7 0.430 0.725 
3.144 69.72 0.04581 0.04686 1.891 1.850 1.824 

3 656.6 200.14 76.1 84.4 3.624 0.798 
1.486 35.11 0.04232 0.04341 2.028 1.985 1.960 

4 621.5 189.44 . 113.7 119.5 5.110 0.836 
2.829 70.04 0.04039 0.04149 2.104 2.061 2.0?5 

5 551.5 168.09 183.3 189.6 7.939 0.913 
2.586 58.96 0.04399 0.04500 1.966 1.923 1.8%7 

6 4/2.5 150.12 242.2 248.5 10.527 0.973 
6.918 163.61 0.04228 0.04336 2.029 1.987 1.961 

7 328.9 100.25 405.8 412.1 17.445 1.154 
6.040 164.10 0.03693 0.03796 2.239 2.199 2.173 ' 

8 164.8 50.23 569.9 576.2 23.505 1.123 
5.965 164.01 0.03637 0.03736 2.261 2.223 2.197 

9 0.8 0.24 733.9 740.2 29.470 1.485 
6.140 164.10 0.03742 0.03836 2.220 2.183 2.157 

10 -163.3 -49.77 898.0 904.3 35.610 • 1.640 
6.217 163.86 0.03.794 0.03884 2.200 2.164 2.118 

11 -327.2 -99.72 1061.9 1068.2 41.827 1.788 
6.168 163.96 0.03750 0.03837 2.217 2.183 2.157 

1? -671.1 .-146.70 1225.9 1232.2 47.9/5 1.931 
6.053 164.2 0.03685 0.03769 2.242 2.210 2.184 • 

13 -655.4 -199./6 1390.1 1396.4 54.02E 2.068 
. 6.067 163.96 0.03700. 0.03781 2.216 2.205 2.179 

14 -819.3 -249.73 1554.1 , 1560.4 60.095 2.200 
6.063 166.06 0.03696 0.03774 2.238 2.208 2.182 

15 -981.4 -259.74 1718.1 1724.4 66.158 2.328 
6.116 164.15 0.03726 0.03,01 2.226 2.197 2.171 

ke -1147.5 -146.77 1887.3 1863.0 72.274 2.451 
5.980 163.81 0.03651 0.03724 2.256 2.227 2.201 

17 -1311.3 -199.70 2046.1 2052.4 78.264 2.571 
5.986 164.10 0.03648 0.03719 2.257 2.229 2.203 

IC -1475.6 -46s.72 2210.2 2216.5 84.240 2.688 
5.991 164.11 0.03651 0.03720 2.256 2.229 2.203 

19 -1639.6 -499.74 2374.3 2380.6 90.231 2.802 
2.051 0..e6 0.03766 0.03834 2.711 7.154 2.15F 

20 -1694.0 -516.34 2421.1 2435.1 92.282 2.639 
0.212 23.06 0.01121 0.03591 2.101 24279 2.254 

21 -1717..1 -523.37 2451.6 2458.1 93.094 2.855 
3.182 86.50 0.03679 0.03746 2.245 2.219 2.193 

22 -1803.6 -546./4 2538.3 2544.6 96.276 2.913 
2.784 76.51 0.03639 0.03704 2.261 2.235 2.209 

23 -1680.1 -573.06 2614.8 2621.1 99.060 2.963 
2.114 58.63 0.03606 0.03672 2.2?4 2.240 2.222 

24 -1938.7 -590.93 2671.5 2679.8 101.174 3.002 
0.403 10.72 0.03759 0.03625 2.213 2.188 2.162 

25 -1949.4 -594.20 2686.2 2690.5 101.577 3.009 
1.062 28.11 0.03707 0.03771 2.234 2.209 2.163 

26. -1977.5 -602.76 2712.3 2718.1 102.619 3.027 
1.761 41.37 0.03641 0.03107 2.260 2.234 2.208 

27 -2025.9 -617.51 2760.7 2767.0 104.360 3.059 
0.338 8.10 0.04173 0.04235 2.051 2.027 2.001 

28 -2034.0 -619.98 2768.8 2775.1 104.716 3.064 
1.857 50.45 0.03681 0.03744 2.244 2.219 2.191 

29 -2086.5 -635.35 2219.2 2825.5 106.57!, 3.096 
1.869 49.94 0.03742 0.03807 2.220 2.195 2.169 

30 -2134.4 -650.58 2869.2 2875.5 108.446 3.128 
2.03/ 55.13 0.03695 0.03758 2.239 2.214 2.188 

31 -2189.5 -667.38 2924.3 2930.6 110.481 3.164 
1.595 44.02 0.03673 0.03687 2.267 2.242 2.216 

32 -2213.6 -680.60 2968.3 2974.6 112.076 3.191 
1.597 43.89 0.03639 0.03700 2.261 2.237 2.264 

33 -2277.4 -694.18 3012.2 3076.5 11 3.673 3.218 
0.645 12.15 0.03663 0.03729 2.251 2.225 2.200 

34 -2289.6 -697.68 3024.3 3037.6 114.118 3.226 
1.074 30.80 0.03487 0.03549 2.120 2.296 2.273 

35 -2320.4 -707.27 3055.1 3061.4 115.192 3.745 

GRAY C ELEV BASE STA AT (SO FLANGE: 979618.57 MGALS 734.8 FT 
8 5/8 INCH CSG HOLE DEVIATION NEGLIGIBLE ELECTRIC 1.00I19581 90-3290 FT 
8.8 WITH CORRECTIONS FOL TERRAIN C -.00066 MGAL/FT ANOMALOUS VERTICAL GRADIENT 

CALCULATED FROM COMPLETE BOUGUER GRAVITY MAP. 

https://979618.57
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BOREHOLE GRAVITY SURVEY 
OPERATOR/LEASE/WELL/10/: STANDARD OIL CO CALIFORNIA 8302-251 3175 FT 
LOCATION: 25-12N-24w(S.11.8.Cm.) MlOwAY-SUNSLT OIL FIELD KERN CO CALIF 

STA STATIO\ ELEV4TION DEPTH REL EdECTRIC RELATIvE TERRAIN DELTA DELTA INTERVAL VERI GRAD INTERVAL DENSITY 
WELL HEAD LOG 0081u GRAVITY CO88RITC1 G 2 (MGALS/F1) (C/CC)

(FEET) (METERS) (FEET) (FEET) (MGALS) IMGALS) (MGALS) (FEET) WO IC WI TC W/U IC W/ TC *4 * 

I 636.7 194.07 0.0 .1.3 0.0 0.654 
0.31k 8.40 0,03750 0.03881 2.217 2.166 2.140

2 628.3 191.51 8.4 11.7 0.315 0.665 
12.709 300.28 0.04232 0.04365 2.028 1.976 1.950 

3 328.0 99.98 308.7 312.0 13.024 1.064 
9.412 246.82 0.03813 0.03927 2.192 2.140 2.122

4 81.2 24.75 555.5 558.8 22.436 1.344 
3.03) 81.21 0.03735 0.03841 2.223 2.181 2.156 

-0.0 -0.01 636.7 640.0 25.461 1.430 
1/.251 298.60 0.03766 0.03868 2.210 2.171 2.145 

6 -298.6 -91.02 935.3 938.6 36.720 1.730 
1.088 29.53 0.03684 0.03783 2.243 2.204 2.178 

7 -328.1 -100.02 964.8 968.1 37.808 1.75 
0.363 9.33 0.03891 0.03987 2.162 2.124 2.098 

8 -33/.5 -102.87 974.2 977.5 38.171 1.76P 
11.948 318.77 0.03748 0.03841 2.218 2.181 2.156 

9 -656.3 -200.03 1292.9 1296.2 50.119 2.063 
4.482 122.23 0.03667 0.03755 2.250 2.215 2,189

-778.5 -237.28 1415.2 1418.5 54.601 2.171 
7.631 205.82 0.03708 0.03794 2.234 2.200 2.174 

11 -90..3 -300.02 1621.0 1624.3 62.23.2 2.34e 
10.005 270.06 0.03706 0.03789 2.234 2.202 2.176 

12 -1254.4 -382.33 1891.0 1894.3 72.240 2.573 
0.611 16.98 0.03645 0.03722 2.253 2.228 2.202 

13 -1271.3 -387.51 1908.0 1911.3 72.859 2.586 
1.495 41.11 0.03637 0.03719 2.261 2.229 2.203 

14 -1112.4 -400.04 1949.1 1952.1 74.354 2.620 
_ 4.270 116.13 0.03677 0.03757 2.246 2.214 2.188 

-1428.6 -435.44 2065.3 2068.6 78.624 2.713 
4.766 129.69 0.03675 0.03754 2.246 2.216 2.190

16 -1553.3 -474.97 2195.0 2138.3 83.390 2.815 
0.494 •13.06 0.03/82 0.03859 2.204 2.174 2.148 

17 -1571.3 -470.95 2208.0 2211.3 83.884 2.825 
1.398 38.12 0.03667 0.03746 2.249 2.219 2.193 

18 -1605.4 -490.57 2246.) 2249.4 85.202 2.855 
6.530 13.82 0.03535 0.01915 2.184 2.852 2.127 

19 -1623.3 -494.78 2260.0 2263.3 85.812 2.066 
0.665 17.36 0.03946 0.04021 2.140 2.111 2.085 

-1640.6 -500.07 2277.3 2280.6 86.497 2.079 
3.65u 96.47 0.03790 0.03866 2.261 2.171 2.143 

21 -1737.1 -529.47 2373.8 23770 90.153 2.953 
1.456 17.97 0.03835 0.03911 2.184 2.154 2.123 

22 -1775.1 -541.05 2411.8 2415.1 91.609 2.9e, 
3.715 83.01 0.03873 0.03949 2.169 2.139 2.111 

73 -1858.1 -566.35 2494.8 2498.1 94.824 3.0,5 
7.1125 78.82 0.03711 0.01786 2.232 2.203 2.177 

24 -1936.9 -590.37 2573.6 2576.9 97.749 3.104 
3.421 91.48 0.03740 0.03814 2.221 2.192 2.166 

-2028.4 -618.26 2665.1 2668.4 101.170 3.172 
0.3.9 9.00 0.03655 0.03733 2.254 2.224 2.198 

26 -2037.4 -621.00 2674.1 2677.4 101.499 1.173 
4.288 114.84 0.03734 0.03807 2.223 2.195 2.169 

27 -2152.2 -656.00 2788.9 '2792.2 105.787 3.263 
3.393 93.09 0.03645 0.03717 2.258 2.210 2.204 

28 -2245.3 -684.38 2882.0 2885.3 109.180 3.330 
0.514 14.02 0.03666 0.03738 2.250 2.222 2.196 

29 -2259.3 -688.65 2896.0 2899.3 109.694 3.343 
0.365 10.00 0.03680 0.03760 2.244 2.213 2.187 

-2269.3 -691.70 2906.0 2909.3 110.062 3.348 
3.074 83.98 0.03660 0.03732 2.252 2.224 2.198 

31 -2353.3 -717.30 2990.0 2993.3 113.136 3.408 
2.130 59.06 0.03607 0.03676 2.273 2.246 2.220 

32 -2412.4 -735.30 3049.1 3052.4 115.266 3.449 
1.133 30.75 0.03685 0.03756 2.243 2.215 2.189"' 

33 -2443.1 -744.67 3079.8 3003.1 116.399 7.471 

GAAV 6 ELEV BASE STA Al CSG FLANGE: 979621.96 MGALS 636.7 81 
8 5/ 8 INCH CSG HOLE DEVIATION NEGLICARLE ELECTRIC 100(1950) 40-3175 FT 
••• w1TH CORRECTIONS FOR TERRAIN E -.00066 MGAL/FT ANOMALOUS VERTICAL GRADIENT

CALCULATED FROM COMPLETE BOUGUER GRAVITY MAP. 

https://979621.96
https://25-12N-24w(S.11.8.Cm
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BOREHOLE GRAVITY SUP.VEY 
OPERAInk/LEASE/WEL1/T0/: M00IL OIL CORP JULIUS 05 2871 FT 
LOCATION/ 34-325-24EIM.D.8.Cm.1 MIDWAY-SUNSET OIL Nur, KERN CO CALIF 

514 STAI10'4 ELEVATION 
' 

IFEETI MITERS! 

DEPTH REL 
WELL HEAD 
I1-1E11 

ELTCTRIC 
LOG DEPTH 
(FEET) 

RELATIVE kTERRA.IN DELTA 
GRAVITY CORWC/ G 
IMGALS1 IMGALS1 IMGALSI 

DWA INTERVAL VERT GRAD 
2 IMGALS/FT1 

(FEET) 1./u IC MI IC 

INTERVAL DENSITY 
• IC/CC) 

W/O IC W/ IC 0,44. 

632.? 192.70 0.0 6.3 0.0 0.651 
0.311 8.40 0.03702 0.03714 2.236 2.231 2.209 

2 623.8 190.14 8.4 14.7 0.311 0.652 
5.891 131.76 0.04471 0.04535 1.934 1.909 1.887 

3 492.1 '149.98 140.2 146.5 6.202 0.736 
7.617 179.56 0.04353 0.04446 1.980 .1.944 1.922 

4 312.5 95.25 319.7 .126.0 14.019 0.901 
8.696 232.94 0.03733 0.03825 2.225 2.187 2.165, 

5 ''79.6 24.25 552.7 559.0 22.715 1.110 
3.003 79.61 0.03778 0.03870 2.206 2.170 2.148 

6 -0.0 -0.02 632.3 636.6 254.723 1.11 
6.155 164.1? 0.03750 0.03839 2.217 2.182 2.160 

7 -164.2 -50.04 796.4 802.7 31.878 1.337 
6.206 163.91 0.03726 0.03873 2.203 2.169 2.147 

8 -328.1 -100.00 960.3 966.6 38.084 1.460 
6.211 164.12 0.03784 0.03870 2.204 2.170 2.148 

9 -492.2 -150.02 1124.1. 1130.7 44.295' 1.620 
6.143 163.98 0.03746 0.03830 2.218 2.186 2.164 

19 -656.2 -200.01 1208.4 1244.7 50.436 1.757 
6./64 163.98 0.63759 0.03841 2.213 2.181 2.159 

11 -820.2 -249.99 L452.4 1458.7 5o.602e 1.89, 
6.138 184.08 0.03741 0.03822 2.221 2.189 2.167 

12 -984.2 -300.00 1616.5 1622.8 62.740 2.024 
6.112 163.92 0.03729 0.03608 2.225 2.194 2.172 

i3 -1148.2 -349.96 17LO., 1786.7 68.65: 2.154 
5.97c 164.25 0.03638 0.03716 2.261 2.230 2.200 

14 -1312.4 -400.03 1944.6 1950.9 74.827 2.282 
6.01: 164.00 0.03668 0.03745 2.249 2.219 2.197 

15 -1476.4 -450.0? 2106.6 2114.9 80.842 2.409 
5.947 164.01 0.03626 0.03702 2.266 2.236 2.214 

16 -1640.4 -500.01 22:72.6 2278.9 66.789 2.533 
6.930 189.05 0.03666 0.03741 2.250 2.221 2.199 

17 -1829.5 -557,63 2461.7 2468.0 93.715 2.675 
0.802 22.16 0.03619 0.03691 2.268 2.243 2.218 

16 -1851.6 -564.38 2483.8 2490.1 94.521 2.091 
2.514 6/.92 0.03701 0.03775 2.236 2.207 2.185 

19 -1919.5 -585.09 2551.8 2558.1 97.035 2.741 
2.512 69.02 0.03640 0.03713 2.260 2.231 2.209 

20 -1988.6 -606.12 2620.8 2627.1 99.547 2.792 
0.4E1 14.02 0.03431 0.03502 2.342 2.314 2.292 

21 -2002.6 -610.40 2634.8 2641. 1 100.026 2.802 
1..341 37.01 0.01629 0.03702 2.265 2.236 2.214 

22 -2039.6 -621.68 2671.8 ' 2678.1 101.371 2.829 
1.687 48.49 0.03479 0.03551 2.323 2.295 2.273 

23 -2088.1 -636.46 2720.3 2726.6 103.058 2.864 
1.337 36.63 0.03650 0.03724 2.256 2.227 2.205 

24 -2124.7 -647.62 2756.9 2763.2 104.395 2.891 
0.602 17.89 0.03365 0.03438 2.368 2.339 2.317 

25 -2142.6 -653.08 2774.8 2781.1 104.997 2.904 
1.048 28.04 0.03738 0.03809 2.222 2.194 2.172 

26 -2170.6 -661.62 2802.9 2009.2 106.045 2.924 
0.623 15.78 0.03948 0.04018 2.139 2.112 2.090 

27 -2186.4 -666.43 2818.6 2824.9 106.668 2.935 

GMAV 6 ELEV BASE STA AT CSC FLANGE; 979623.31 MGALS 632.2 FT 
6 5/8 INCH CSG MULE DEVIATION NEGLIGIBLE ELECTRIC 100I19451 50-2871 FT 
••• WITH CORRECTIONS FUR TERRAIN 8 -.00056 MGAL/FT ANOMALOUS VERTICAL GRADIENT 

CALCULATED FROM COMPLETE BOOGUER GRAVITY mAP. 

https://979623.31
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BOREHOLE GRAVITY SURVEY 
OPERATOR/LEASE/wELL/TD/: STANDARD OIL CO CALIFORNIA 854-330 3215 FT 
LOCATION: 33-325-24EIM.D.B.C4.1 MIDWAY-SUNSET OIL FIELD KERN CO CAUE 

STA STATION ELEVATION DEPTH REL ELECTRIC RELATIVE TERRAIN DELIA DELIA INTERVAL VERT GRAD INTERVAL DENSITY 
WELL HEAD LOG DEPTH GRAVITY CORRITC1 G I IMGALS/FTI (G/CC) 

(FEET) (METERS) (FEET) (FEET) (MGALS) IMGALSI (MGALS) (FEET) W/0 7C W/ IC W/0 IC W/ IC is* 

1 704.6 214.76 0.0 4.4 0.0 0.666 
0.361 8.40 0.04298 .0.04226 2.002 2.030 2.002 

2 696.2 212.20 8.4 12.8 0.361 0.660 
1.964 39.99 0.04911 0.04876 1.762 1.776 1.740 

3 656.2 200.02 48.4 52.8 2.325 0.646 
4.733 110.04 0.04301 0.04346 2.001 1.983 1.956 

4 546.2 166.47 158.4 162.8 7.058 0.695 
4.691 108.74 0.04314 0.04384 1.996 1.969 1.941 

5. 437.4 133.31 267.2 271.6 11.744 0.7/ 1 
4.538 109..35 0.04150 0.04225 2.060 2.031 2.003 

6 328.1 100.00 376.5 380.9 16.287 0.053 
4.280 109.44 0.03911 0.03988 2.154 2.124 2.096 

7 218.6 66.64 486.0 490.4 20.567 0.938 
4.144 109.25 0.03793 0.03871 2.200 2.170 2.142 

8 109.4 33.34 595.2 599.6 24.711 1.023 
.4.100 109.44 0.03746 0.03824 2.218 2.188 2.160 

9 -0.0 -0.02 704.6 709.0 21.811 1.108 
,.205 109.34 0.03849 0.03927 2.178 2.148 2.120 

10 -109.4 -33.34 814.0 818.4 33.019 1.19% 
4.11" 109.43 0.03763 0.03841 2.212 2.181 2.154 

11 -218.8 -66.70 923.4 927.8 37.13/ 1.270 
4.083 109.52 0.03728 0.03806 2.226 2.195 2.167 

12 -328.3 -100,1E 1012.9 1037.3 41.220 :.364 
4.131 109.23 0.03782 0.03860 2.204 2.174 2.146 

13 -437.6 -133.37 1142.2 1146.6 45.351 1.449 
4.110 109.42 0.03756 0.03834 2.215 2.184 2.156 

14 -547.0 -166.72 1251.6 1256.0 49.461 1(534 
4.098 109.42 0.03745 0.03322 2.219 2.189 2.161 

15 -656.4 -200.08 1361.0 1365.4 53.559 1.618 , 
4.054 109109 0.03716 0.03793 2.230 2.200 2.172 

16 -765.5 -.231.33 1470.1 1404.5 57.613 1.702 
4.047 109.47 0.03697 0.03774 2.238 2.208 2.150 

17 -875.0 -266.69 1579.6 1584.0 61.660 1.786 
4.041 109.49 0.03691 0.03767 2.240 2.211 2.1S3 

15 -984.5' -300.1)7 1689.1 1693.5 65.'01 1.869 
4.014 109.27 0.03673 0.03749 2.247 2.217 2.120 

lc -10)3.7 -333.37 1798.3 1802.7 69./15 1.952 
4.022 109.49 0.03673 0.03748 2.247 2.218 2.190 

21 -1203.2 -366.75 1907.8 1912.2 73.737 2.03.-
3.286 89.89 0.03656 0.03730 2.254 2.225 2.197 

21 -1293.1 -194.14 1997.7 2002.1 77.023 2.101 
0.643 17.35 0.03706 0.03701 2.234 2.205 2.177 

22 -130.5 -390.43 2015.1 2019.5 77.666 2.114 
3.250 86.10 0.03775 0.03849 2.207 2.17e 2.150 

23 -1396.6 -425.66 2101.2 2105.6 80.016 2.178 
0.877 18.83 0.035,69 0.03638 2.288 2.261 2.233 

24 -1:15.4 -43e.42 2120.0 2124.4 81.588 2.19, 
,.303 115.83 0.03715 0.03788 2.231 2.202 2.174 

25 -1531.2 -466.72 2235.5 2240.7 85.891 2.276 
,..283 119.02 0.03599 0.03672 2.276 2.248 2.220 

26 -1650.2 -503.00 2354.6 235-.2 90.17; 2.353 
1.581 42.98 0.03678 0.03751 2.245 7.217 2.189 

22 -1693.2 -516.10 2397.8 2402.2 91.755 2.,i4 
1.e15 40.09 0.03774 0.03847 2.238 2.179 2.151 

28 -1741.3 -530.76 2445.9 2450.3 93.570 7.42 , 

1.012 27.94 0.03622 0.03694 2.267 2.239 2.21/ 
29 -1769.3 -539.27 2473.8 2478.2 94.582 2. ,.; 

1.325 35.71 0.03710 0.03781 2.232 2.205 2.177 
30 -1805.0 -550.16 2509.6 2514.0 95.907 2.47, 

0.723 17.91 0.04037 0.04109 2.105 2.076 2.04E 
31 -1822.9 -555.62 2527.5 2531.9 96.630 2.487 

2.362 63.85 0.03699 0.03771 2.237 2.209 2.181 
32 -1886.7 -575.08 2591.3 2595.7 98.992 2.533 

0.141 14.02 0.03896 0.03964 2.160 2.133 2;105' 
33 -1905.7 -580.68 2610.3 2614.7 99.733 2.546 

0.502 13.93 0.03604 0.03676 2.274 2.246 2.218' 
34 -1919.7 -585.12 2624.3 2628.7 100.235 2.556 

GRAV t ELEV BASE STA AT CSG FLANGE: 979618.49 MGALS 704.6 FT 
8 5/8 P.CH CSG HOLE DEVIATION NEGLIGIBLE ELECTRIC LOG(1936661) 1505-3139 FT 
••• WITH CORRECTIONS FOR TERRAIN 6 -.00071 MGAL/FT ANOMALOUS VERTICAL GRADIENT 

CALCULATED FROM COMPLETE BOUGUER GRAVITY MAP. 

https://979618.49
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BOREHOLE GRAVITY SURVEY 
OPERA.TOR/LEASE/./ELL/TD/: MOBIL OIL CORP FRIED (ALFORD) 89 3059 FT 
LOCATION: 25-174-21W(S.8.8.CM.) MIDwAY-SUNSET OIL FIELD KERN CO CALIF 

STA STATION ELEVAIMN DEPIH REL ELECIRIC RELATIVE TERRAIN DELTA DELTA INTERVAL VERT GRAD INTERVAL DE::SITY 
WELL HEAD LOG DEPTH GRAVITY CORR(TC) 0 I (MGALS/FTI (6/CC) 

(FEET) (METERS) (FEET) (FEET) (MGALS) (MGALS) ImGALS1 (FEET) W/0 IC W/ IC W/O IC W/ TC o.,:e 
, 

I 668.2 203.67 0.0 2.8 0.0 0.681 
0.256 5,40 0.03071 0.02917 2.483 2.544 2.51, 

2 659.8 201.11 8.4 11.2 0.758 0.668 
7.288 167.68 0.04346 0.04377 1.983 1.911 1.942 

3 492.1 150.00 176.1 178.9 7.546 0.719 
7.043 163.99 0.64295 0.04396 2.003 1.964 1.914 

4 328.1 130.02 340.1 142.9 14.589 0.885 
6.276 164.00 0.03827 0.0392/ 2.1e7 2.148 7.116 

5 164.1 50.03 504.1 506.9 20.865 1.049• 
6.175 164.35 0.03757 0.03853 2.214 2.177 2.14: 

6 -0.7 -0.01 668.4 671.2 27.040 1.70, 
6.212 164.14 0.03785 0.03877 2.203 2.167 2.138 

7 -164.4 -50.10 832.6 835.& 13.152 1.357 
. . 6.141 163.74 0.03750 0.03839 2.217 2.182 2.152 

8 -328.1 -100.01 594.3 959.1 39.393 1.502 
6.155 164.13 0.03750 0.03837 2.217 2.183 2.153 

9 -492.2 -150.03 1160.4 1163.2 45.548 1.645 
0.948 24.74 0.03832 0.03917 2.185 2.15Z 2.122 

lu -517.0 -157.57 1105.2 1186.0 46.496 1.666 
5.125 139.02 0.03687 0..03771 2.242 2.209 2.17q 

11 -656.0 -199.,15 1324.2 1321.0 51.621 1.783 
6.013 164.27 0.03663 0.03746 2.251 2.218 2.16J 

17 -820.3 -250.02 1438.5 1491,3 57.639 1.919 
5.981 163.86 0.03651 0.03732 2.256 2.224 2.19, 

13 -984.1 -299.96 1657.3 1655.1 63.621 2.052 
6.317 170.58 0.03703 0.03783 2.235 2.204 2.174 

14 -1154.7 -351.96 1f77.: 1825.7 69.938 2.188' 
0.723 19.93 0.03628 0.03708 2.265 2.233 2.10, 

15 -1164.6 -358.03 1842.8 1845.6 70.661 2.204 
1.931 52.92 0.03649 0.03726 2.257 2.226 2.1.5 

16 -1227.5 -374.16 1895.7 1890.5 72,592 2.246 
2.21, 59.93 0.03728 0.03806 2.226 2.195 2.16,-

17 -1287.5 -312.43 1955.7 1950.5 74.826 2.293 
1.146 33.12 0.03460 0.03536 2.331 2.301 2.271 

18 -1320.6 -402.52 1980.0 1991.6 75.9:2 2.318 
2.433 68.05 0.03575 0.03653 2.285 2.255 2.22, 

19 -1308.6 -423.27 2056.8 2059.6 78.405 2.371 
1.204 32.90 0.03660 0.03736 2.252 2.223 2.193 

20 -1421.5 -433.29 2669.7 2092.5 79.609 2.396 
1.063 27.11 0.03921 0.03999 2.150 2.17C 2.090 

21 -1448.7 -41.56 2116.9 2119.7 00.672 2.417 

C.Av C ELEv BASE IRA AT CSG FLANGE: 479619.70 MGALS 668.2 FT 
8 5/9 INCH CSG HOLE DEVIATION NEGLIGIBLE ELECTRIC LC:3(1940) 210-2839 F/ 

W;TH CORRECTIONS FOR TERRAIN C -.00076 MGAL/FT ANOMALOUS VERTICAL GRADIENT 
CALCULATED FROM COMPLETE BOUGUER GRAVITY MAP. 

https://479619.70
https://25-174-21W(S.8.8.CM
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BOREHOLE GRAVITY SURVEY 
OPERATOR/LEASE/W:LL/TD/: TEXACO INC Am:RICAN OILFIELDS FEE 128 3272 FT 
LOCATION: 32-325-25F(M.D.8.CM.) MIDWAY-SUNSET OIL FIELD KERN CO CALIF 

514 STATION ELEVATION DEPTH RE!. ELECTRIC RELATIVE TERRAIN DELTA DELTA INTERVAL VERT GRAD INTERVAL DENSIIY 
WELL HE41: 10G DEPTH GRAVITY CO:tR(TC) G 2 IMGALS/F11 (0/CC) 

(FELT) (METERS) (FEET) (FEET) 1MGALS) (MGALS) (MGALS) (FEET) W/O IC W/ IC W/O TC W/ IC III 

1 879.0 267.94 0.0 7.0 0.0 0.720 
0.347 8.40 0.04131 0.04000 2.068 2.119 21099 

2 870.6 265.3? 8.4 15.4 0.347 0.709 
2.356 50.41 0.04674 0.04565 1.855 1.898 1.876 

3 820.2 250.01 58.8 65.8 2.703 0.654 
7.721 164.27 0.04700 0.04647 1.845 1.865 1.845 

4 656.0 199.94 223.1 230.1 10.424 0.567 
7.153 163.81 C.04367 0.04350 1..75 1.98; 1.962 

5 492.2 150.01 386.9 393.9 17.577 0.539 
0.750 17.06 0.04396 0.04390 1.964 1.966 1.946 

6 .7'.1 144.61 403.9 410.9 18.327 0.537 
0.337 8.72 0.03865 0.03865 2.172 2.172 2.152 

- 466.4 142.15 412.7 419.7 lr.644 0.538 
1.762 45.40 0.03881 0.03881 2.166 2,166 2.146 

8 421.0 126.38 458.1 465.1 20.426 0.538 
3.416 9a.81' 0.03678 0.03886 2.245 2.242 2.222 

9 325.1 100.01 550.9 557.9 23.842 0.546 
5.971 163.82 0.03645 0.03663 2.258 2.251 2.231 

10 144.3 50.07 714.8 721.1 29.813 0.5(6 
6.066 163.96._ 0.03700 0.03727 2.237 2.226 2.206 

11 0.3 0.10 878.7 885.7 35.879 0.621 
2.201 57.12 0.03853 0.03887 2.177 2.163 2.143 

12 -56.8 -17.31 935.6 942.8 38.080 0.640 
2.009 52.03 0.03861 0.03896 2.173 2.160 2.140 

13 -108.8 -33.17 987.9 994.9 40.0E9 0.58 
2.040 55.02 0.03724 0.03760 2.227 2.213 2.193 

14 -163.8 -49.94 1042.9 1049.9 42.136 0.67 8 
12.209 328.28 0.03719 0.03760 2.229 2.213 2.195-

II -492.1 -150.CO 1171.2 1178.2 54.347 0.012 
6.182 164.12 0.03767 0.03812 2.210 2.193 2.173 

14 -656.3 -?00.03 1535.3 1542.3 60.529 0.886 
6.261 163.96 0.03819 0.03666 2.190 '2.172 2.152 

17 -820.2 -250.CO 1699.1 1706.3 66.790 0.963 
6.120 164.02 6.03731 0.03780 2.224 2.205 2.185 

IP -984.2 -300.00 1863.3 1870.3 72.910 1.043 
6.171 164.02 0.03762 0.03812 2.212 2.193 2.173 

19 -1148.3 -349.99 2027.3 2034.3 79.081 1.12, 
6.172 164.01 0.03763 0.03814 2.212 2.192 2.172 

20 -1312.3 -399.98 2191.3 2196.3 85.253 1.207 
6.024 164.12 0.03670 0.03/21 2.248 2.228 2.208 

21 -1476.4 -450.01 2355.4 2362.4 91.277 1.240 
6.040 164.16 0.03692 0.03743 2.240 2.220 2.200 

22 -1640.5 -500.04 2519.6 2526.6 97.337 1.374 
6.152 164.07 0.03750 0.03800 2.217 2.197 2.171 

/3 -1PO4.6 -550.05 24:63.7 /640.7 103.489 1.457 
1.007 27.48 0.03664 0.03715 2.251 .2.231 2.211 

24 -1832.1 -558,43 2711.1 2718.1 104.496 1.471 
1.073 29.05 0.03694 0.03744 7.239 2.219 2.19 , 

2'. -1861.1 -567.28 2740.2 2747.2 105.55' 1.486 
0.400 11.04 0.03623 0.03678 2.267 2.245 2.225 

26 -1872.2 -570.65 2751.2 2758.2 105.969 1.492 
1.289 35.93 0.03588 0.03638 2.281 2.761 2.241 

27 -1908.1 -581.60 2787.2 2794.2 107.258 1.510 
0.590 16.75 0.03522 0.03576 2.306 2.215 2.26: 

78 -1924.9 -586.70 2803.9 2810.9 107.848 1.519 
3.742 99.17 0.03773 0.03824 2.208 2.188 2.147 

29 -2024.0 -616.93 2903.1 2910.1 111.590 1.569 
4.138 108.29 0.03821 0.03872 2.189 2.169 2.144 

30 -2132.3 -649.94 3011.4 3018.4 115.728 1.624 
2.408 7 1.26 0.03659 0.03709 2.253 2.233 2.213 

11 -2203.6 -671.67 3082.6 3009.6 118.336 1.660 

GRAY 6 ELEV BASE STA Al CSG FLANGE: 979610.04 ((GALS 879.0 FT 
8 5/8 INCH CSG HOLE DEVIATION NEGLIGIBLE ELECTRIC 100119371 50-3240 FT 
ess WITH CORRECTIONS FOR TERRAIN C -.00051 MGAL/FT ANOMALOUS VERTICAL GRADIFNT 

CALCULATED FROM COMPLETE BOUGUrR GRAVITY MAP. 

https://979610.04
https://32-325-25F(M.D.8.CM
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TABLE E3 

1g/Az TOWER MEASUREMENTS WITH TWO TOWER GRAVITY STATIONS. 
ASTERISKS INDIcATE TERRAIN CORRECTED INTERVAL GRADIENTS. 

Observed Interval Gradient , 
Tower Site , in mgal/ft 

QD -3a .0900 
.0907* 

.0929 

.0937* 

Q -Oh .0928 
.0947* 

QD-10 .0909 
.0927* 

QD-11 .0899 
.0912* 

Qn-12 .0917 
.0927* 

QD-13: .0923 
.0933* 

QD-14 .0915 
.0925* 

QD-15 .0912 
.0921* 

QD-16 .0942 
.0940* 

Pee 28 well .0954 
.0939* 

Precision t .0002 

aBelieved to be erroneously low value for unknown reasons. 

b elieved to be too high possibly because measurements were 
made directly above an old asphalt roadway that had a 
higher density than surrounding alluvium. 
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TABLE E4 

Ag/Az TOWER MEASUREMENTS WITH THREE TOWER GRAVITY STATIONS. 
ASTERISKS INDICATE TERRAIN CURIZECTED JN'IERVAL GRADIENTS. 

-^ 
Observed Interval Gradients in mgal/ft 

Tower 
Site 

I
s 

Top-
ntermediate 
Stations 

Intermediate-
Bottom 

Stations 
Top-Bottom 
Stations 

QD-2 .0932 .0909 .0923 
.0938* .0917* .0929 

302-251, .0919 .0913 .0917 
well .0937* .0932* .0935* 

Julius 5 .0926 ,0936 .0930 
well .0937* .0950* .0943* 

104-33D .0913 .0917 .0915 
well .0933* .0936* .0935* 

54-33D .0934 .0919 .0927 
well .0938* . .0926* .0933* 

A.P.C. 76 .0899 .0894 .0892 
well .0904* .0908* .0906* 

Precision ± ..0005 ± .0008 ± ,0302 
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C 

TABLE E5 

FORTRAN IV COMPUTER PROGRAM FOR 
CALCULATING TERRAIN CORRECTIONS 

FOR CLOSELY—SPACED SURFACE GRAVITY STATIONS 

CA*);'EnRTRAN IV PROGRAM FOR CALCulATING 1FRRAIN CORRECTIONS Hy CA-W.4AM ML1H00 

REAL Xn,Yn,CD,DFL,FE 
DImFNSION S1A(300),XSTA(300),YSTA(300),ZSTA(300),R2(10),R1(10),FT1 
X(70),FS(300) •
INTEGER NSTA,NGPD,HFA1)(70),NRG,H,N,NX,NY,NG(300) 
D(1WALE PRECISION G,GRI100) 

•COmmoN/ER/E(100,100),RI10o,1001 
C***NSTA=Num4ER OF GRAVITY STATIONS,NGRD=NuMBER ELEVATION ARRAYS 

READ(5,300)HFAn,NSTA,NGRD 
,READ GRAv STA NAmF,FLEV.X-Y GOORDS. 

READ(5,105)ISTA(H),7STA(H),XSTA(H),YSTA(H),H=1,NSTA1 
on 10Q K=1.NGRD 

c***Nx,NY=ARRAY DIMENSIONS,DFL=LENGTH SIDE ELEV SQUARE 
c*xn,Yn=x-Y COORDS oF poiNT ONE DEL NORTH & WEST OF CENTER OF NW ELEV SQUARE 
c***C1)=HNIF(IRM TFRRA1N DENSITY 
C***CD=0 MEANS VARIABE DENSITY TO RE READ IN FOR INDIVIDUAL ELEV SQUARES 

REAn(5,310)Nx.NYIx00(0,DEL,CD,FT1 
IF(Cn)?5,25,73 

23 Do 24 I=I,NX 
RFAD(5,EIME(I,J),Jwi,NY) 

76 CONTINUE 
Dl) 243 I=1,NX 
nn 243 J=I,TY 

714 R(I,J)=Co 
6n TO 7.8 

25 DO 261=1,NX 
RFA015,FT1)(F(J,J),R(I,J),J=I,NY) 

76 CoNTINHE 
. .

7P CONTINUE 
c*xx*NRG=NIIMiiFR ANNULAR RINGS . . 

kEhD(.5.37i(1) NRG 
Do 100 L=1.NRG 

C***R?.R1=DUTF4-INNFR ANNULUS RADII 
REAn(5.335) R2(L).R1(1.) 
wRITE(6,360)HFAD,RICLI,R7ALY,DEL,DEL 
IF(CD.En.0) WRITF(6,350) 
iF(C.0.67.0) wR1TE(6,355) CD-
wRITF(6,360) 
nn Ion H=1.NSTA 
CALL TRANINX.,NY,X0tYn,DEL,XSTA(H),YSTA(H),ZS1A(H),R2IL),RI(L),N,G 

X,EF) 
NG(H)=N 
G(H)=G 
FS(H)=FE 
WRITF(6,370) sTA(H),GR(H),NG(u),ES(H) 

100 CnNTTNHE . 
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300 FoRmAT(20A4/213) 
305 FpRmAT(IX,A4,17X,F7.2,19x.F8.0./sX,F7.0) 
310 FORmAT(13.7X,I3,2X,ER.0,2x,F7.0.2x,F5.e/F4.7/20A4) 
375 FORNAT1R(FI-0,1X,F4.7.1X)1 
440 FoRmAT(1?) 
33s FoRmATI?Fr;.0) 
340 FoRmATP1',20A6/ 1 0,„CIRCHLAR ANNuLuS RANI ARE 1 ,F7.c., AND ,,F7.0 

WEEETsi, GRID SAvARES ARE,,F7.0,, BY 1 ,F7.0,, FEET') 
350 FoRmATp TERRAIN DENSITY IS VARIABLE AND GIVEN BY GRID COmPARTmENT 

X 

355 FORmAT('0,,TERRAIN DENSITY = 1 ,E4.2,# G/CC0 ). 
360 FoRmAT1 5.0,.12X,ITERRAIN,,5X,,NumBER AVERAGE,/, STATION COk-

1RECTInN GRID PTS. ANNULUS HT.,/, 1,12W(MGALS) SAMPLED REL 
2. STA.') 

370 F.ORmAT(I 1 .A4,6x,F7.4,6X,16,6x,F5.0) 
RETuRN 
END 

G***TRAN CHECKS IF COORDS ELEV SOUARE WITHIN ANNULUSIIF SO CALCULATES TERR CORR 
SuRRouTINE TRAN(Nx,Ny.Xn,yO,DEL.xST4,ySTA,ZSTA,R2,R1,N,G,EF) 
DOukLF PKECISION S,G,00,000,RR?,RR1,YA,XA,X2,FA 
ComilOWEq/E(100,100),R1100,100) 
N.0. 
G=0. 
EF=0.0 
RR7=R2** 
RR1=R1**2 
yA.Yn-ysTA 
xA=xo-XSTA 
no to 1=1,Nx 
x7=(xA-I-DFL*f,LOAT111)***7 
no In .1=1,NY 
nn.o.0 
O0=x2+(YA-Pag-FLphT(J))**2 

. INoo.LT.RRI.ok.00.6T.Rk2) GO TO 10 
N.,N+1 
EA=0.0 
S=0.0 
EA.(F1I,J1-ZSTA-(7.39E-814,00) 
S=FA*EA 
S•=1/(On+s).5 
nnn=0.0 
1uflo=1/00,:*.5 
G=G+R(I.J)CODO-S) 
EE=FA+FE 

10 CONTINUE 
G.G*.00614694,1RR2-RR1)/FLnAl(N) 
EE=EE/FLOAT(N) 
RETURN • 
pN0 
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TABLE E6 

THE ELEVATION ARRAYS, TERRAIN ZONES, AND NUMBER OF ELEVATION SQUARES PER 
ANNULUS USED TO CALCULATE THE TERRAIN CORRECTIONS FOR THE 

SURFACE GRAVITY STATIONS 

Lambert Coordinates (Calif. 
Array Dimensions

Size of Squares zone 5) of center of north-
(feet) wep,t most compartment (ft) N-S E-W 

500 x 500 5.95,750 N 1,567,250 E 52 '56 
1000 x 1000 609,500,N 1,560,500 E 51 50, 
3000 x •3000 629,500 N 1,540,500 E 31 29 

20000 x 20000 690,000 N 1,410,000 E 12 15 

Average number squares used to calculate 
terrain corrections with equation (E3) 

(No. of gravity stations in parentheses)
Terrain Zone ,Scheme 

Zone. Inner-Outer No. of 500-foot 1000-foot 3000-foot 20000-foot 
Name Radii (feet) Cptmts_ squares squares squares squares 

D2 1,247 - 1,936 121 
83 (288)

El 1,936 - 2,854. 16] 
E2 2,,854 - 4,199 16 117 (192) 32 (96) 
Fl 4,199 - 5,512 20 160 (192) 40 (96) 
F2 •5,512 - 7,513 20 81 (288) 
G 7,513 - 11,548 12 241 (272 27 (16) 
H 11,548 17,191 16 57 (288) 
I 17,191 - 27,690 20 161 (288) 
J 27,690 - 40,682 16 30', (288) 
K 40,682 - 61,679 20 314 (271) 17 (17) 
L 61,679 - 94,487 24 40 (288) 
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FORTRAN IV COMPUTER PROGRAM FOR CALCULATING 
BOREHOLE GRAVITY TERRAIN CORRECTIONS (BGTC) 

TERRAIN CORRECTION PROGRAM FOR BOREHOLE GRAVITY STATIONS WRITTEN BGTC001 
C I RTRAN IV BY C. E. CORBATO AND L. A. BEYER, U. S. GEOLOGICAL SUR- EGTC002 
C VLY. BGIC003 

BGTCOOA 
THE PROSE:A!'. CALCULATES CORRECTIONS AT BOREHOLE STATIONS WHICH MAY BGIC005 

C DE EITHER EQUALLY 02 UNEQUALLY SPACED IN A VERTICAL BOREHOLE AND USES 6GTC00.:. 
C ONE OF TE(REE DIFFERENT CIRCULAR ZONE AND COMPARTMENT SCHEMES (HAmMER, BGIC007 
C HAYFORD C BOWIE, OR- BOWIE) TO REPRESENT THE SURFACE TOPOGRAPHY. _BGICCO8 
C OTHER SCHEMES CANE USED WITH THE PROGRAm. BY READING THE SPECIFICA- BGTC009 
C TIONS FOR THE SCHEME WITH THE INPUT UATA OR BY MODIFYING THE FIRST % BGTC010 
C FIVE DATA STATEMENTS (AND THE DIMENSION AND OUTPUT FORMAT STATIME'ETS OGTC011 
C IF WERE ARE MORE THAN 19 ZONES OR MORE THAN 28 COMPARTMENTS IN ANY BUC012 
C ZONE). BGTC013 

BGTC014 
INPUT SPECIFICATIONS. THE DATA DECK CONSISTS OF SETS OF DATA, BGTC015 

C EACH SET CORRESPONDING TO A SINGLE BOREHCLE, WITH NO LIMITAII0', ON BGTC016 
C THE NUMBER OF SETS OF DATA. A SET CONSISTS OF THE FOLLEmiNG CARDS. BGTC017 

1ST CARD: HEAD---FORMAT(20A4)---WHERE HEAD IS AN CO-CHARACTER BGTC018 
C HEADING FOR IMNTIFICATTON USE ON PRINTED OUTPUT. THE FIRST 56 CHAR- 8GTC019 
C ACTERS WILL BE USED FOR IDENTIFICATION IF THE PUNCHED-CARD OUTPUT 6GTCO20 
C OPTION IS USED. BUCC21 

2ND CARD: P'ETH,NXCI,NMCO,ELGIELB,DENS,NS,10U1---FORMAT(11 1 1X 1 2A2, BGICO2.2 
C 2E6:0,F6.2,IA,A2)---WHE2E BGTCO23 

!METH PETERMINES THE ZONE AND COMPARTMENT SCHEME TO RE USED. BGTCO24 
C IF IMETH--:1: HAv,',ER (1939), 13 POSSIBLE /ONES, A-M, WITH 2,4,6,60,8, BGTCO25 
C 12,12,12,16,16,16,16 COMPARTMENTS, RESPECTIVELY; IF IMETH=2: HAYFORD BGTCO26 
,C AND BOWIE (1912), 15 POSSIBLE ZONES, A-0, WITH 1,4,A,6,8,10,12,16, 301C327 
C 20,16,20,24,14,16,28 COvPARTMENTS, RESPECTIVELY; IF IMETH=3: BOWIE B010028 
C (1917) WITH TWICE THE COMPARTvENTS FOR CI THRU F2(OLIVEP, IT AL11969), CSTCO29 
C 19 PO.SSILE ZONES, A,B,C1,...,E2,G-0, WITH 1,4,8,8,12,12,16,16,20,201 BGTC030 . 
C 12,16,20,16,20,24,14,16,28 COMPARTMENTS, RESPECTIVELY. IF l'!ETH-,4, BGTC031 
C SCENE SPECITICATIO4S ARE TO BE INPUT LATER. IF IMETH .LT. I OR .GT. BGTC032 
C 4, AN ERROR MESSAGE WILL RESULT AND EXECUTION WILL TERMINATE. BGTC033 

NMCI AND NmC0 ARE THE NAMES (LEFT JUSTIFIED) OF THE INNERMOST BGIC01.4 
C AND OUTERMOST ZONES FOR AhICH DATA WILL BE INPUT AND THE COkRECTIONS BOTC.035 
C CALCULATED. NAMES WHICH DO NOT MATCH THOSE IN THE 132.0GRAM r - THOSE BGTC036 
C READ IN THE SCHEME SPECIFICATIONS WILL RESULT IN AN ERROR ML.SACE. 60TC337 

ELG IS THE DATUv ELEVATE; ! IN FEET FOR THE TERRAIN CORRECTIONS. bGTC.;38 
ELM IS THE ELEVATION IN FEET OF THE POINT FROM WHICH DEPTHS IN BGIL039 

C THE BOREHOLE ARE MEASURED. BG1C040 
DENS IS THE DENSITY IN G/CC TO BE USED FOR THE TERRAIN. IF 601C041 

C DENS.0.1 A VARIABLE DENSITY IS REQUIRED AND DENSITIES WILL BE INPUT OGTC0';2. 
C LATER BY CW1PARTnENT. If DENS NEGATIVE, AN ERROR I.YESSAGE WILL 8GTC043 
C RESULT. BGTC044 

NS SPECIFIES THE NUMfIER OF UNEQUALLY-SPACED GRAVITY STATIONS. BGTC!;45 
C IF NS=0, THE STATIONS APE EQUALLY SPACED WITH SPECIFICATIONS 10 BE BOTC046 
C READ LATER. IF NS NEGATIVE, STATION DATA WILL BE INPUT AS ELEVA- BGTC047 
C TIONS; IF NS POSITIVE, STATION DATA WILL BE INPUT AS DEPTHS. THE BGTC048 
C ABSOLUTE VALUE OF NS S')ECIFIES THE 'NUMBER OF STATIONS AND MUST BE BGTC049 
C .LE. 400. BGTC050 

TOUT IS AN OUTPUT SPECIFICATION. ANY CHARACTER OTHER THAN BGTC051 
C WILL RESULT IN PUNCHED-CARD OUTPUT (IN AnITION TO PRINTER OUT- 6STC052 
C PUT ) GIVING THE STATION ELEVATION AND DEPTH, THE TOTAL CORRECTION, BGIC053 
C AND THE FIRST 56 CHARACTERS OF HEAD-OUTPUT FORMAT(2E8.1,F7.311X, DUC054 
C 1444). BGIC055 

NEXT CARD (IF IMEP!=4): A HEADING CARD--FORMAT(8A4)---THE FIRST 32 BGTC056 
C CHARACTERS OF WHICH SHOULD IDENTIFY THE SOURCE OF THE ZONE AND COM- BUC057 
C PARL'ENT SCHEME, FOLLOWED 5Y A CARD GIVING THE NUMCER OF POSSIBLE BGTC058 
C ZONES AND THE NUMBER OF CO:4PARTME')TS IN EACH /ONE (FROM INNERMOST 1TGTC059 
C TO OUTF2"OST)---FCPMAT(20A3)-E-THEN A CARD GIVING THE NAMES OF THE BCTC060 
C Z0NES---ORMAT(19A2)---AND FINALLY A CARD CR CARDS GIVING TnE RADII BGTC061 
C OF THE 70NES---FDRMAT(10F8.0)---WITH THE N!Uv'iER OF RADII Oi.E. MORE BGIC062 
C THAN THE NUMBER OF POSSULE ZONES. HAVING MORE THAN 19 ZONES OR MORE Wol- COS3 
C THAN 28 COMPARI.MENIS IN ANY ZONE vlL1 RESULT IN AN ERROR MESSAGE AND BCETC064 . 
C TERMINVTION:-OF EXECUTIC:I. BGTCC5 
C - NEXT CARD- (IF NS.NE.0): 4 FONJ.AT CAsu (IECLUDING EAJTE:!ST PArcEN- BGTC066 
C THESES)---E3RMAT(?3A4)---TO HE USED !OR READING STATION ELEVATIONS OR BGIC067 
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C DEPTHS, FOLLOWED BY CARDS GIVING THE STATIO% ELEVATIONS OR DEPTHS IN BGTC068 
C FEET. BGTC069 
• NEXT CARD (IF NS=0): ELMI,ELMF,DEL---FO7AT(3F6.0)---t:PERE ELMI, BOTC070 
C ELME, AND DEL SPECIFY THE EQUI,LLY—SPACED STATIONS. IF DEL NEGATIVE, BSI- CO.11 
C ELM! ANC ELME ARE THE ELEVATIONS IN FEET DE THE HIGHEST AND LOWEST BGTC072 
C ST.ATIONS: IF DEL POSITIVi, ELM! AND EL:.',F ARE THE DEPTHS IN FEET OF BGTC073 
C THE HIGHES1 AND LOWEST STATIONS. THE ABSOLUTE VALUE OF DEL IS THE BGTC074 
C INCREMENTAL DISTANCE BETWEEN STATIONS. IF DEL=0., AN ERROR 'MESSAGE BGTC075 
C WILL RtSULT AND EXECUTION WILL TERM,IN'1TE. THE NUMBER OF STATIONS BGTC076 
C DETERMINED BY THESE SPECIFICATIONS UUST ME .LE. 400. BGTC077 
• NEXT CAD: A FORMAT CARD (WITH OUTERMOST,PAkENTHCSES)---FOVAT BGTCO7B 
C (20A4)---T.") SE USED FOR READING COMPARTMENT ELEVATIONS, FOLLOWED BY BGTC079 
C CA*.05: GIVING THE COmPARTMENT ELEVATIONS IN FEET. INPUT IS FROM BGICC80 
C INNERMOST TO OUTERMOST ZONE WITH EACH ZONE BEGINNING ON A :s.EW CARD. BGTC081 
• NEXT CAD (IF DES=.0.): A FORMAT CARD (:)ITH OUTERMOST PARENTHESES) BG1C082 
C ---FGRM4T(2044)---TO BE USED FOR REA60IG DENSITIES bY CEWPARTMENTS, BGTC083 
C FOLLOW0,9 BY CARDS GIVING THE COMPARTMENT DENSITIES IN G/CC. INPUT IS B6TC084 
C FROM INNt'RMOST TU OUTEMOST ZONE WITH EACH ZONE BEGINNING ON A NEW . BGTC085 
C CAD. BGTC086 

BGTC087 
• PRINTED OUTPUT FOR A SET OF DATA CONSISTS OF A PAGE GIVING THE BGTCO8B 
C BASIC INPUT DATA, FOLLOWED BY TABULATED STATION DATA INCLUDING ELEVA— BGTC089 
C lION, DEPTH, TOTAL CORRECTION (IN MILLIGALS), AND CONTRIBUTION OF BGTC090 
C EACH ZONE (IN MIGROGALS). BGTC091 

CARD INPUT IS ASSOCIATED VITH DATA SET 5, PRINTED OUTPUT WITH DATA BGTC092 
• SET 6, AND PUNCHED—CARD OUTPUT WITH DATA SET 8. BGTC093 

BGTC094 
DIMFNSION NCOiP(19),NAE(19),RADI1(20),CV(19),HEAD(20),FMT(2C), 601C095 
1BE(400),C:3NS1(19),ELEV(19,28),DE(19,78),IVAL(19),DPTH(400), BGTC096 
2NZ(3),NC(19,3),NA(19,3),RA(20,3),SUB(8,4) BGTC097 
• DOU1LE PRFCISION R(21),E,F,SIT • BGTC098 

DATA 1Z/13,15,19/ BGTC099 
DATA NC/214,2v6,2*8,3*12,4416,6*0,1,?*4,6,8110,12,16,20,16,20,24, BGTC100 
1 I4,16,28,4*C,1,4,2*8,2*12,2*16,2*20,12,r6,20,16,20,24,14,16,28/ BGTC101 
DATA BGTC102 

1 BGTC103 
2 1 A 1 ,1 5','C1'I'C21 ,'N',102',1 E1 1 ,'E21 ,'F1',IF2','W/1 1-0,1 I'''J', BGTC104 
3 110,11 1,3mu,'Nt,t0s/. 60TC105 
DATA RA/0.16.6,54.61175.1558.,1280.12936.,5018.,8578.,14662., BGTC106 
1 21826,32490.,5365.,71096.,64,0.10.,6.6,223.1,754.6,1935.7, BGTC107 
2 4199.5,7513.1,1154B.5,17191.6,27690.?,40682.3,61679.7,94t488., BGTC108 
3 192913.1 324802.1546915.4*0.10.16.6,223.1,426.5,754.6,1246.7, BGTC109 
4 1935.7y2B54.3?.515511.8,7513.171154C.5,17191.6,27690.2, BGTC110 
5 40682.1,61679.7,944313. 7 192913.,324502.1546915./ BGTC111 

1,11 , l1,1DATA SUBPHAMX 1 ,1 ER ( 1 1'1939',') '1' i'S BGTC1I2 
8,1,41 1 ,1 E (I''1HAYF'''ORD ','AND I / 1 801 '''2)7 ,1 1,'BOWIttiE ( BGTC1I3 

21 1 1 917) 1 ,' ULlie'VR i t tET ',8*0./ BG1C114 
DATA MOOT!' / BGTC115 

10 READI5s?6,E0-=25)HEAD BGTC116 
R'--- AC(5,27)!:-:TH,;\NCI,NMCOIELGtELBIDENS,NSIIOUT 6G1C117 
IE(1C,E1:!.L1.1.0R.IW]TH.GT.4)G0 TO 50 801C118 
1F(IrETH.E0.4)GU TO 103 BGTC119 
NZMX=NZ(IMFTH) BGTC120 
DO 102 I=1,N7MX BGTC121 
NCO(1)=NC(I,IMETH) 8G1C122 
NAYE(I)=NA(1,IW.:TH) BGTCI23 

10% R!tDII(I:=RA(1:1MFTH) BGTCI24 
RADII(NZMX-1-1)=RA(NZMX+1,InETH) BGTC125 
GO TO ICA BG1C126 

103 READ(5,39)(SUb(I,4),I=1,8),NZ,(NCOMP(1),I=1,Ni BGTC127 
EiGTC128 

READ(5,/,0)(NAME(I),1=- I,NZMX) BGTCI29 
READ(5,41)(RAGII(I),I,=1,N1) BGTC130 
IF(NZMX.GT.20.OR.NZmX.LT.1)GG TO 51 8GTC131 
DO 1635 I=1,NZMX 8GTC132 
IF(NCD(1).GT.23.0R.NCOMP(1).LT.1)G0 10 5? BSTC133 
IF(R;DII(1).GE.RADII(I+1))G0 TO 53 8STC114 

1035 C,NNTINUE Bt,TC135 
104 JF(NS,EC.D)GO TO If tiSTC136 

PFAD(5,2/)'T BGTC137 

https://BSI-CO.11
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IF(NS.GT.0)G0 TO 106 BGTC138 
NS=IABS(NS) BGTC139 
IF(NS.G1.400)G0 TO 55 BGTCP:0 
READ(5,FMT)(6E(I),I=1,NS) BCTC141 
DO 105 I=1,NS BGTC142 

105 OPTH(1)=ELB-bE(I) BGTC143 
GO TO 14 , BGTC144 

106 READ(5SFMT)(OPTH(1),I.--1,NS) 8GTC145 
DO 107 I=1,NS BOTC146 

107 BE(I)=ELB-DPTH(I) . 1JG1C147 
GO TO 14 801C148 

11 READ(51 28)ELMI,ELMFI DEL BGTC149 
IF(DFL.E.O.0.)60 TO 54 BGTC150 
NS=IABS(IFIX((ELMF-ELMI)/DEL))+1 BGTC151 
IF(NS.GT.400)G0 TOSS BGTC152 
IF(DEL.GT.0.1G0 TO 135 BGTC153 
DO 13 .1=1INS BGTC154 
8E(I)=ELMI4(1-1)*DEL BGTC155 

13 OPTH(I)=ELB-BE(I) BGTC156 
GO TO 14 BGTC157 

135 DO 136 I=1,NS BGTC158 
DPTH(I)=ELMI-u(I-1)*DEL ' BGTC159 

136 
14 

8E(1)=E1.3-DPTH(I) 
DO 145 I=1,NZMX 

. 8GTC160 
BGTC161 

IF(NMCI.ED.NAME(I))GO TO 146 BGTC162 
145 CONT1NUL BGTC163 

GO TO 56 . 6G1C164 
146 11=1 BGTC165 

DO 147 1=11,NZMX. BGT.C166 
1F(NrICO.EQ.NAME(I))G0 TO 148 8G1C167 

147 CONTME 801C168 
GO TO 56 801C169 

148 IO=I BGTC170 
IF(DENS.LT.0.)G0 TO 57 

. 
8GTC171 

.WRITE(6,2"))HEAD,,(SU5(1,IMETH),1=11 3) BGTC172 
WEAD(5,26)FMT BGTC173 
00 16 I.,11,I0 BGTC174 
CL1‘./(1)=2.39E-8*((RADII(I)+RAUI1(1+1))/2)**2 65TC175 
WRITE(6130)NAME(1),RADII(I),RADII(li1),NCOMP(I) BGTC176 
JO=NCOMP(1) BGTC177 
CONST(I)=12'..77384E-/J,3 • 8G1C178 
R.(1)=RADI1(1)**2 BGTC179 

16 REA0(51 FMT)(ELEV(I,J),J=1,J0) 8G1C180 
R(104-1)=RADII(10+1)**2 8G1C181 
IF(1)ES.NE.0.)G0 TO 18 BGTC182 
REAN5,26)FMT BGTC183 
DO 17 1=11,I0 881C184 

6GIC185 
17 RFAD(5,FMT)(DE(I,J),J=1,J0) • BGTC186 
18 IF(DENS.NE.0.)willTE(6,31)DENS BGTC187 

WRITE(6,32)ELC;,EL8 BGTC188 
DO 19 I=11,10 651C189 
JO=NCOMP(I) BGTC190 
IF(J0.1.E.16)G0 TO 185 BG1C191 
WRITE(6,33)NAME(I),(ELEV(I,J),J=1,J0) ' BGTC192 
GO TO 187 

. . BGTC193 
185 
187 

WRITE(6,335)NAME(1),(ELEV(I,J),J=1,J0) 
DO 19 J=1,J0 

. BO1C194 
651C195 

19 FLEN.,(1,J)=FLEV(I,J)-CURV(I) 8GTC19& 
IF(nENS.NE.0.)G0 10 21 ' 831C197 
totITE(6,34) 8G1C198 
DO 20 1=11,10 BGTC199 
J0=%CONP(I) BG1C200 
IF(JOA.F.16)G0 TO 195 BGTC201 
WRITE461 351NAME(I),(DF(1,J),J=1,J0) -. - BC1C202 
GO TO 20 8GTC203 

195 WRITE(6,355)NAME(I),(DE(I,J),J,=1,J0) BGTC2C4 
20 COATINUE B5TC205 
21 Dr..i 24.K=1,NS 

, 
• BGTC206 

. F(ECG-hE(K))4'4:2 BG1C207 
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TOTAL=0. 8G1C208 
DO 23 I-I1,10 BGTC209 
V0. BG1C210-
J0.-1C0MP(I) BGTC211 
T=DSQRT(R(I)+F)-DSQRT(R(I+1H1) BG1C212 
DO 22 J=1,10 BG1C213 
E-tELEv(11J)-BE(K))**2 BGTC214 
S=DSQRT(R(1)+E)-DSWT(R(I-11)+E)-T BGTC215 
C=DENS BGTC216 
1F(C.EQ.C.)C-0E(1,J) BGIC237 
V=V+C*S*CO\ST(1) 8G1C218 

22 IVALM=10004=V+0.5 BGTC219 
23 TOTAL=TOTAL+V BGTC220 

IF(m00(K140).EQ.1)WkITE(6,36)IEAD,(NAME(I),I=I1,10) BGTC221 
IF(M00(1(1 5).EW.I.)4R11L(61 30) BGTC222 
IF(10U1.NF.NOUT)VPITL(8,37)(zE(K)IrP1H110,TOTAL,CHEA0(1),1=1,141 85TC223 

24 W7I1L16,3816E(K),DP1riK),TOTAL,(IvAL(I1,I=I1,10) BGTC224 
GO TO 10 BGTC225 

25 STOP BGTC226 
26 FORMAT(20A4) 8GTC227 
27 FORmAT(11,1X,242,2F6.0,F6.2,142 42) BGTC228 
2P FORmAT(W6.0) BGTC229 
29 FORVT('I',20A4POZONES AND CW'PAR1METS: 1 ,844/1 0NAME OF ZONE I BGTC230 

lt,r,ER AND CUTER RADII NUOER ui COMPAVU-'ENTS') 6G1C231 
30 FuMAT("OXI A2,F14.1,F12.1,115) BGTC232 
31 FORM4T(,O1)ENS1TY =',F5.21' G/CCR) BGTC233 
32 FORMAT(' TERRAIN DATUM ELEVATIOq =',F8,1,1 FEET'!' BOREHOLE DATUM G1C234 

1 ELFVATION =',F8.1,' FEEl'POZONE',5X,'COMPARTMENT ELEVATIONS (FEL BGTCt35 
2T)') BGTC236 

33 FORAT(",A2,3Y,10F7.1/"15X,12F7.1) BG1C237 
335 FORAT(",A2,3X,16F7.1) BGTC238 
34 FORMAT('OZONE',5XIIC0MPARTMENT DENSITIES (G/CC)') 8G1C239 
35 FORMAT(' ',A2,3X,1617.2/' ',5X,12F7.2) BGTC240 
355 F0RMAT(" 142,3X,1617.2) 6G1C241 
36 FORmAT('1',20A4P0 ELEV DEPTH TOTAL .ZUNE CONTRIUTIONS (MI BG1C:42 

1CROG4LS)'/' (FEET) (FEET) (MGA1)4 ,20(3X,A2)) BGTC243 
37 FORMATOF3.1,F7.3,1X,14A4) 6GTC244 
38 FORMAT(' '1F8.1,F7.3,2015) 6GTC245 
39 FORm\T(8A4/2113) 8GTC246 
40 F0R4;AT(70A2) BGTC247 
41 FORmA1(1.)F8.0) BGTC48 
50 ,,RITE(6,60)HEAD,IMETH1 BGTC249 

GO TO 25 BGTC250 
51 WRITE(6,61)HEADrNZMX BGTC251 

GO TO 25 BGTC252 
52 WRITE(6,62)HEAD,NCOMP(I) BGTC253 

GO TO 25 BGTC254 
53 tiRITE(6,63)HEADIPADII(1),RA1i1l(I 4 1) 8GTC255 

GO TU 25 BC1C256 
54 WRITT(6,64)PFAO,DFL BGICt57 

GO TO 25 BGIC258 
55 NPITE(6,65)HEAD,NS BG1C259 

GO TO 25 BGTC260 
56 WRITE(6,66)HEAO,NMCI,NMCO 8GTC261 

GO TO 25 BGTC262 
57 W'ITE(6,67)HEAD,OP:S 13G1C263 

GO TO 25 BGTC264 
60 FOR'IAT('1°,2044/'04=4'4,ERROR IN Ii":1H',I6) 8G1C265 
61 FuRv,AT( 1 1 1 ,20A4/1 0nO1 I\ NU'd!hER OF ZONES',I9) 651C266 
62 FORMAT('11 ,20A4P0ERR0R IN NUPIBFR OF COMDARTENTS',19) BGTC267 
63 F3RMA1('1',20t:4/'04,4- RROR IN RADIP,7F15.1) 6GTC268 
64 FOR,IATP1',20A4PUDEL = O.') 80TC269 

65 FO'I1A1('11 ,2A4/ 101-4-trRR0R IN 60TC270 

66 FORMAT(1 1',20A4PC*4.:-.r RROk IN NCI NeC0',4XsA2,1 X,A2) V1C27/ 

67 FORAT('1',20A4/1 0mERROR IN DENS',F10.1) BGTC272 
BGTC273END 
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TABLE E8 

SAMPLE OUTPUT OF FORTRAN TV COMPUTER PROGRAM BGTC 

TrxAco j8 FEE 28 M/ONAY- SoNSET OIL HEIR 8f6N CC CALIF,, 
LINES AND COMPARTNENTS OF SCHEmE.1MET44.) WITH IONE 8.L1.&2 

NAME OF 2ONe INNER AND OUTER 8.0011 NIMER OF 0088:.614E070
82 54.6 221.0 
CI 223.0 427.0 
Cl 427.0 755.0 8 
DI 755.0 1247.0 12 
02 1247:0 1936.0 12 
61 1936.0 2854.0 16 
E2 2854.0 4100.0 It 
81 4200.0 5517.0 20 
82 5512.0 7513.0 20 

7511.0 11549.0 12 
11549.0 17192.0 16 
17192.0 27690.0 20 
27690.0 40682.0 16 
40332.0 61680.0 20 5. 
61680.0 94488.0 24 

'DENSITY 2.00 0/CC
7668AI5 0:104 ELEVATION • 679.0 FEET 
solumniF OATLIM 811811109 • 879.0 FEET 

lt;NE 0098411711E0: E1E1411035 (FEE!)
112 871.0 873.0 876.0 670.0 876.0 887.0 880.0 884.0 
Cl 867.0 850.0 844.0 866.0 905.0 891.0 890.0 890.0 
Cl 811.0 815.0 630.0 852.0 665.0 900.0 892.0 882.0 
01 867.0 840.0 807.0 810.0 810.0 840.0 868.0 888.0 405.0 905.0 907.0 885.0 
02. 850.0 817.0 780.0 775.0 81e.0 835.0 845.0 890.0 930.0 920.0 915.0 867.0 
El 843.0 805.0 764.0 7 / 5.0 730.0' 760.0 788.0 820.0 850.0 880.0 907.0 960.0 952.0 935.0 900.0 870.0 
8.2 820.0 772.0 /15.0 683.0 695.0 740.0 775.0 805.0 870.0 /30.0 935.0 995.0 995.0 970.0 905.0 852.0 
F1 790.0 760.0 ,7)0.0 660.0 660.0 665.0 710.0 740.0 770.0 8.25.0 875.0 970.0 1010.0 1025.0 10/5.0 1040.0 

8000.0 940.0 895.0 8/0.0 . 
Fl 7 / 5 .0 725.0 680.0 630.0 625.0 650.0 680.0 720.0 700.0 925.0 960.0 1000.0 1125.0 1153.0 1200.0 1120.0 

1030.0 1019.0 925.0 850.0 
1/00.0 1075.0 830.0 690.0 615.0 565.0 610.0 700.0 870.0 1050.0 1300.0 1375.0 

735.3 680.0 500.0 415.0 535.0 750.0 890.0 630.0 1100.0 1450.0 1650.0 1600.0 1400.0 1275.0 875.0 735.0 
090.0 123.0 650.0 400.0 425.0 495.0 565.0 660.0 760.0 1025.0 1250.0 1625.0 2250.0 2350.0 20)0.0 1625.0 

1325.0 1010.0 675.0 840.0 
.1 400.0 312.0 310.0 360.,0 500.0 730.0 1000.0 145%0 1700.0 2550.0 2400.0 2700.0 2200.0 1300.0 400.0 575.0 

650.0 510.0 280.0 790.0 340.0 525.0 750.0 1200.0 1750.0 2800.0 2000.0 2900.0 2950.0 2500.0 2350.0 2750.0 
1900.0 1150.0 900.0 800.0 

I. 400.0 310.0 300.0 100.0 290.0 320.0 500.0 875.0 2100.0 3400.0 1600.6 4100.0 3500.0 2525.0 2 600.0 2225.0 
2753.0 2100.0 7175.0 2700.0 1600.0 1015.0 1075.0 650.0 

TCKACO INC FFE 20 ,32-325-24E MIDWAY-SUNSET OIL FIELD AFRH CO CALIF. 
1 

ELEV DEPTH TOTAL ZONE CO416I601IONS (6107106805) 
(FEET) ITEEII IM0611 82 CI C2 DI 02 Cl E2 Ft F2 G H 1 4 K 

879.0 -0.1 0.720 6 I? 9 11 12 14 17 14 21 45 54 107 115 139 14? 
870.6 6.4 0.709 1 10 7 9 10 13 16 13 21 45 57 108 115 1 40 143 
820.2 58.8 0.654 -18 0 -6 -2 I 5 II 11 21 46 59 114 120 146 148 

656.0 223.0 0.567 -11 -20 . -43 -40 -27 -19 -6 4 20 51 66 137 135 165 165 
492.2 386.8 0.539 -18 -57 -69 -53 -43 -24 -2 20 56 76 150 149 185 lel 

475.1 403.9 0.538 -4 -17 -57 -71 -55 -45 -26 -3 20 56 77 152 151 187 183 
466.4 412.6 0.538 -4 -17 -58 -72 -57 -46 -27 -1 19 57 77 151 151 168 184 
421.0 456.0 0.538 -3 -16 -57 -77 -63 -53 -32 -5 18 58 80 156 156 193 189 
128.1 550.9 0.546 -2 -12 -55 -84 -74 -65 -42 -9 19 60 84 168 164 204 198 
164.3 714.7 0.576 -I -8 -47 -89 -89 -84 -58 -17 18 65 92 186 178 223 215 

0.3 878.7 0.621 0 -6 -19 -86 -99 -101 -73 -21 17 69 100 204 193 243 231 
-56.8 935.6 0.640 0 -5 -36 -85 -101 -106 -78 -26 16 70 103 210 198 249 237 

-108.8 987.8 0.658 0 -5 -34 -81 -102 -110 -81 -28 16 71 106 216 709 243 
-161.8 1042.8 0.676 0 -4 - 3Z -80 -103 -114 -87 -30 16 73 108 227 22562' 248 
-492.1 1371.1 0.612 0 -2 -21 -65 -102 -130 -111 -42 13 80 124 257 236 301 262 

-656.3 1535.3 0.686 0 -1 -18 -58 -98 -134 -120 -48 12 83 131 275 251 320 298 
-820.2 1699:7 0.963 0 -I -15 -51 -91 -135 -127 -53 10 07 136 772 265 339 315 
-984.2 1863.7 1.043 0 -1 -12 -46 -88 -135 -133 -58 9 89 146 309 279 358 332 

-1148.3 2027.3 0 0 -11 -41 -82 -131 -137 -62 8 92 151 326 293 377 348 
-131..3 2191.3 47 0 0 -9 -36 -76 -110 -140 -65 6 154 34) 306 396 365.. 95 

-1476.4 2355.4 1.790 0 0 -8 -32 -71 -127 -14? -69 5 97 166 360 322 415 381 
-1640.5 2519.5 1.374 0 0 -/ -29. -66 -122 -141 -71 4 97 172 376 336 434 396 
-1804.6 2683.6 1.457 0 0 -6 -26 -61 -118 -143 -74 3 101 177 35 7 350 453 415 
-1012.1 2711.1 1.471 0 0 -6 -26 -60 -117 -143 -74 2 101 352 456 417 
-1861.1 2 7 40.1 1.486 0 0 -6 -25 -59 -116 -143 -74 2 102 lie' 33 97 354 459 N20 

-1872.2 2751.2 1.492 0 0 -6 -25 -59 -LIE -141 -74 2 102 .81 399 355 461 421 
-1108.1 2767.1 1.510 0 0 -5 -24 -58 -115 -143 -75 2 102 182 402 356 465 425 
-1924.1 2803.9 1.519 0 0 -5 -24 -58 -114 -143 -75 2 102 183 404 360 467 427 
-2024.0 2901.0 1.569 0 0 -5 -23 -55 -111 -142 -76 1 103 107 414 368 476 437 
-2132.1 3011.3 1.614 0 0 -5 -21 -52 -100 -141 -77 0 104 190 424 377 491 440 

-2203.4 3082.6 1.660 0 0 -4 -20 -51 -106 -140 -77 0 105 19) 4.31 363 499 455. 
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TABLE E9 

ZONES AND COMPARTMENTS FOR DESCRIPTION OF TERRAIN FROM LOCAL 
TOPOGRAPHIC MAPS PREPARED AT THE JULIUS 5, 302-25L, 54-33D, 

AND 104-33D WELLS. 

Annulus Radii in Feet 

Zone Number of Compartments Inner Outer , 

A 4 0 6.6 

BA 8 6'.6 16 

BE 12 16 33 

BC 12 3-4 56 

ED 12 56 89 

BJ 12 89 135 

BF 12 135 200 

HG 10 200 292 

PH 8 292 427 
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TABLE F1 

DATA FROM POROSITY AND DENSITY MEASUREMENTS 
OF CORE SAMPLES 

EXETER OIL CO. MURPHY FEE Ti8 28-32S-24E MIDWAY-SUNSET OIL FIELD KERN CO. CAL II 
TOP ETCHEGOIN FM 2730 
ELEV. 760 

TOP MIOCENE 3108 

L. I THOLOGY 
GRAIN 

DENSITY 
(G/CC) 

DRY BULK 
DENSITY 
(6/CC) 

SATURATED 
BULK DENS 
(G/CC) 

TOTAL 
POROSITY 
(t) 

WELL 
DEPTH 
(Fl) 

CLAYSTONE $ GRAY-GREEN 2.72 1.95 2.23 28.4 2392. 
SANDSTONEIMICACEOUS, W/SILT 2.66 1.88 2.17 29.4 2406. 
SANDSTONEI SILTY W/DISTINCTIVE MICA GRAINS 2.66 1.94 2.21 27.2. 2415. 
SANDSTONE,F-G1 W/SILT 2.66 1.93 2.20 27.6 2425. 
SILTSTONE,W/V.FINE,MICACEOUS SAND 2.67 2.04 2.28 23.5 2434. 
SANDSTONE W/CHAOTIC STRUCTURE, SILTY 2.66 1.97 2.23 26.1 2442. 
CL.tYSTONF,SILTY,BEDDED W/PORCELLANEOUS LUSTER 2.74 2.27 2.44 17.2 2455. 
CLAYSTONEISILTY 2.71 1.96'. 2.23 27.8 2468. 
MUDSTONE.SILT W/SAND-CLAY,CHAOTIC STRUCTURE 2.67 1.9? 2.20 28.1 2478. 
SILTSTONE,CLAYEY W/MEG.FOSS. 2.69 1.90 2.20 29.2 2488. 
SANDSTONE,V.E-GR. W/CLAYSTONE LAMINAE 2.66 1.92 2.20 27.8 2496. 
CLAYSTONE 2.72 2.01 2.27 26.2 250e. 
INTERBEDDED SAND-SILT LAMINA 2.67 1.85 2.16 30.5 2508. 
CLAYSTONE.S/LTY 2.70 1.87 2.18 30.7 2525. 
INTERBEDDED SAND-SILT LAMINAE W/CLAY 2.66 2.11 2.32 20.5 2540. 
SANDSTONE07.F-GRISILTY 2.66 2.01 2.25 24.4 2552. 
S1LTSTONE 2.66 2.02 2.26 24.1 2565. 
SANDSTONEIV.F-GR.WELL S1D,FRIABLE 2.66 1.85 2.16 30.4 2565. 
SANDSTONE,F-GR.,WELL CEMENTED 2.66 2.51 2.57 5.6 2602, 
MUDSTONE,SANDY,CLAYEY 2.66 2.07 2.29 22.3 2602. 
SILTSTONE,SANDY 2.66 2.03 2.27 23.7 2622. 
SILTSTONE,CLAYEY W/SOME SAND 2.66 2.01 2.25 24.5 2622. 
INTERBEDDED Sllt-CLAY LAMINAE 2.66 1.93 2.20 27.6 2635. 
SANDSTONF,F-GR.,POORLY SORTED 2.66 1,94 2.21 27.2 2635. 
SILTSTONE.W/E-GR SAND LAMINAE 1.95 2.21 26.8 2646. 
INTERBEDDED SILT-SAND LAMINAE 2.66 1.88 2.17 29.4 2657. 
SILTSTONE 2.66 1.93 2.20 27.6 2657. 
MUDSTONE,CLAYEY 2.71 ' 1.72 2.09 36.4 2671. 
SANDSTONE,M-GR,POORLY SID.O.ALVI 2.66 1.91 2.19 28.3 2697: 
SANDSTUNE.F-GR,SILTY 2.66 1.86 2.16 30.2 2712. 
CLAYSTONE,SILTY W/MEG.FUSSII.5 2.70 1.96 2.23 27.5 2712. 
SILISTONE W/F-GR SAUD LENSES 2.67 2.00 2.25 25.2 2721. 
SILTSTONE,SANDY 2.67 1.92 2.20 28.0 2729. 
CLAYSTONE,SILTY 2.61 1.89 2.17 27.6 2749. 
S1LTSTONE,W/MEG.FOSSILS 2.67 1.87 2.17 30.0 2758. 
SS,ANG.M-GR,POORLY SORTED W/MEG.FOSSILS,WELL CMTD 2.66 2.13 2.33 19.7 2767. 
SAND-SILT INTERBEDDED LAMINAE 2.66 1.77 2.10 33.6 2767. 
SANDSTONE,FINE-GP,SILTY,WELL CEMENTED 2.66 1.77 2.11 33.3 2777. 

.SANDSIONE,F-GR,S:LTY 2.66 1.80 2.12 32.3 2787. 
SILTSTONE,W/FN-GR SAND LENSES 2.66 1.82 2.13 31.7 2877. 
St.NDSTONE.SILTY.MEG.FOSS1LS 2.67 1.82 2.14 31.8 2887. 
S1LTSTONE W/M-GR.ANG SAND LENSES 2.67 1.85 2.16 30.8 2896. 
SANDSTUNE,COARSC.ANG.SLT FRIABLE 2.66 2.08 2.30 21.9 2903. 
SANDSIONE.M-cA,POORLY SORTED,SLT.FRIABLE,GRANULES 2.66 1.98 2.23 25.6 2911. 
SAND-S/LTONTERBEDDED LAMINAE 2.67 1.83 2.14 31.6 2911. 
SAND-SILT INTERBEDDED LAMINAE 2.66 1.86 2.16 30.1 2931. 
SILT-SAND INTERBEDDED,M-GR ANG SAND,WELL CEMENTED 2.67 1.82 2.14 31.8 2942. 
S1LTSTONE,SHALY,SAND LENSES 2.67 1.86 2.16 30.4 2950. 
SILTSTONE.SAND STREAKS 2.67 1.90 2.19 28.9 2962. 
SANDSTONE,POORLY SORTED W/MEG.FOSSILS,SILTY 2.66 1.91 2.19 28.0 2972. 
SANDSTONE.M-GRTPOORLY SORTED 2.66 1.95 2.27 26.6 2982. 
SANDSTONE,M-GR.POORLY SORTED 1 SLT.FRIABLE 2.66 1.97 2.23 25.8 2992. 
SANDSTONE,M-GRIPOORLY SORTEIIISILTY 2.66 1.97 2.23 25.8 3002. 
SILTSTONE,SANDY 2.67 1.88 2.18 29.5 3013. 
SiLlSTONE 2.67 1.96 2.23 26.5 3023. 
SILTSTONEISANUY 2.67 1.93 2.21 27.7 3033. 
SS,F-GR,POORLY SORTED,MOD.FRIABLE 2.66 1.96 2.22 26.3 3043. 
SANDSTONE,M-GR,POORLY SORTED.ANS.QTZ.GRAINS,MOD.FRIA 2.66 2.00 2.25 24.9 3043. 
SANDSTONE,M-CRSE-GR,SILTY,FRIABLE W/PEBBLES . 2.66 2.05 2.28 23.0 
SANDSTONE,M-GRSE-GRISILTY W/GRANULES t ERIABLE 2.66 1.98 2.24 25.5 3063. 

SANDSTONE,V.CRSF-GR,SILTY,ANG 2.66 2.06 2.28 22.7 3073. 

SHALE, SILTY 2.65 1.91 2.19 28.0 3113. 
SHALE, BROWN 2.65 1.86 2.16 29.7 3122, 
SHALEsSILTYOROWN 2.65 1.85 2.15 30.1 
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TEXACO INC. A.O.FEE 15 32-32S-24E MIDWAY-SUNSET OIL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 2210 TOP MIOCENE 2675 
ELEV 845 

GRAIN DRY BULK SATURATED TOTAL WELL -
LITHOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

(G/CC) (G/CC) (G/CC) (%) (F1) 
INTERBEDDED V.F-GR SAND G SILT LAMINAE 2.67 1.79 2.12 3?.9 2157. 
SILTSTONE,W/MEG.FOSS.,CLAYFY 2.67 1.96 2.23 26.5 2182. 
CHAOTIC SAND-SILT-CLAY LENSES W/GRANULES 2.67 1.99 2.25 25.3 2201. 
CLAYSTONE SILTY W/SAND LAMINA -2.67 1.83 2.14 31.6 2495. 
SANDSTONE,F-GR,W/SILT,CLAY C MEG.FOSS. 2.67 1.80 2.12 32.7 2517. 
INTERBEDDED CLAY-SAND-SILT LAMINAE 2.67 1.88 2.18 29.5 2541. 
INTERBEDDED SAND-SILT-C4LAY 2.67 1.84 2.15 31.1 2571. 
INTERBEDDED CLAY AND SILT 2.67 1.86 2.16 30.4 2594. 
CHAOTIC CLAY-SAND-SILT LENSES W/UNIFORMLY M-GR SD 2.67 2.15 2.35 19.3 2594. 
SANDSTONE,POORLY STD,'SILTY,M-GR. 2.15¢ 1.97 2.23 25.9 2620. 
SILTSTONE,CLAYEY,W/V.E-GR S&ND LENSES 2.67 1.96 2.21 26.5 2620. 
SILTSTONE,CLAYEY W/SAND LENS 2.67 1.64 2.03 38.5 2665. 
SS,CONGLOMERITIC,W.CMTD W/SIL1Y MATRIX C DARK PBBLS 2.67' 2.49 2.56 6.8 2672. 
OIL SAND,CRSE,ANG,SILTY,FRI. 7.66 2.12 2.32 20.2 2686. 
SHALE,BROWN,SILlY 2.65 1.82 2.13 31.4 2711. 
SHALE,BROWN,SILTY W/SAND LENSE 2.66 1.88 2.17 29.3 2764. 
OIL SAND,CRSE,ANG,SILTY,FRI. 2.66 2.03 2.27 23.7 2804. 
SHALE,BRDWN 2.62 1.77 2.09 32.6 2816. 
511ALE,BROWN W/M-GR,ANG SAND EENSES,SIL1Y,FEW GRANULE 2.65 1.82 2.13 31.3 2824. 
SHALE,BROWN 2.65 1.82 2.13 31.5 2836. 
SHALEIBROWN W/M-GR,ANGISAtiqD LAMINAE, RNDD.GRANULES 2.66 1.94 2.21 27.0 2844. 

MOBIL OIL CORP. MIDWAY 32-5 32-32S-24E HIDWAY-SONSET OIL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 2780 TOP MIOCENE 3015 
ELEV 931 

GRAIN DRY BULK SATURATED TOTAL WELL 
EITHOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

(G/CC) (G/CC) (G/CC) (%) (FT) 
SANDSIONE,V.F-C,SILlY 2.67 2.02 2.26 24.3 2669. 
INTERBEDDED SILT,SAND & CLAY LAMINAE 2.67 1.98 2.24 25.8 2683. 
oSTETSTONE W/CIAY LAMINAE 2.68 2.01 2.26 24.9 2701. 
CLAYST0NE,H2AVN,STRONG HCL REACTION 2.76 2.44 2.56 11.6 2723. 
SILTSTONE,CLAYFY,SANDY 2.674 1.95 2.22 27.1 2742. 
CLAOSTONE,W/MFG.FOSS.,SIITY 2.!_71 1.74. 2.09' 36.0 2763.. 
CLAYSTONE,WAXY BUT SUPFACESISILlY LAMINAE W/MEG.FOS. 2.55 1.95 2.18 23.6 2785. 
SiLTSTONF,CLAYFY,GRE1:N 2.67 2.00 2.25 25.1 2800. 
INTERBEDDED SILT-SAND-CLAY LAMINAE C LENSES. 2.67 1.90 2.19 28.9 2959. 
CHAOTIC SAND-SILT-CLAY W/GRANULFS,P.STD W/ MFG.FOSS. 2.67 2.02 224 24.3 2959. 
CLAYSTONEISILIN W/MFG.FOSS1LS 2.67 1.96 2.2z 26.7 2976. 
SSICONGLOMER111C,SILTY,CMTD 2.67 2.26 2.41 15.4 2978. 
SANDSTONE, V.F-GR,SILTY 2.67 1.63 2.02 38.9 2997. 
SANDSTONL,SILTY,M-GR,ANG SAND,POORLY STD,CEMEN1ED 2.67 1.97 2.23 26.2 2997. 
CLAYSTONE,SILTY 2.67 1.72 2.08 35.4 3016. 
SHALEIBROWN 2.62 1.81 2.12 30.8 3035. 
SANDSTONE,M-GR,ANG,SILTY,POORLY STD.,CEMENTED 2.66 1.98 2.24 25.5 3035. 
SILTSTONE,W/CRSE,ANG SAND GRAINS 2.67 1.98 2.24 25.9 3054. 
SPALE,BROWN W/M-GR,ANG SAND LFNSE 2.65 1.96 2.22 25.9 3071. 
SANDSTONE,V.CkSE-GR,ANG,SILTY,OIL STAINED SAND 2.66 2.02 2.26 24.2 3071. 
SHALE,BRO4N 2.62 1.80 2.11 31.3 3100. 
SHALE,BROWN 2.62 1.80 2.11 31.4 125. 
SHALE,BROVN 2.62 1.69 2.05 35.4 3141. 
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S. O. CO. CALIF. lt 330 33-32S-24E MIDWAY-SUNSET 011 FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 2360 TOP MIOCENE 2740 
ELEV 713 

GRAIN DRY BULK SATURATED TOTAL WELL 
LITHOLOGY DENSITY DENSITY BULK DENS POROSITY FLPTH 

(G/CC) (G/CC) (G/CC) (%) (FT) 
MUDSTONE W/CHAOTIC SILT STRINGERS 2.68 2.03 2.27 24.3 2210. 
SANDSTONE CLAYEY F-GR. 2.67 1.92 2.20 28.0 2229. 
MUDSTONE,W/SAND,SILT AND MEG.FOS. 2.66 1.92 2.20 ' 28.0 2248. 
CLAYSTONE,W/SILT LAMINAE AND PORCELANCOUS LUSTER 2.72 1.90 2.20 30.1 2248. 
SILTSTONE,W/V.F-GR SAND LENSES,CLAYEY 2.67 1.76 2.10 34.1 2267. 
CLAYSTONE 2.71 1.77 2.12 34.6 2284. 
OIL SAND,F-GR,SUB-ANG,WEIL STD,FRI SAND W/SILT LENSE 2.66 1.83 2.14 31.1 2284. 
OIL SAND,F-GR,SUB-ANG,POORLY SORTED SAND W/SILT LAM! 2.66 1.96 2.22 26.3 2305. 
OIL SAND, F-GR,ANG,WELL SORTED SAND 2.66 1./6 r 2.10 33.9 2305. 
CLAYSTONE,W/MEG.FOSS. AND V.1-7CR SAND LENSES 2.67 1.78 2.11 33.4 2585. 
SAND-SILT-CLAY LAMINAEI V.F-GR SAND 2.67 ' 1.84 2.15 31.2 2604. 
SANDSTONE,SILTY W/M-GR,SUB-RNOD.,POORLY SORIED SAND 2.66 2.05 2.28 22.8 2621. 
SHALE,GRAY W/F-G1 SAND AND SI11 LAMINAE 2.67 1.83 2.14 31.5 2621. 
SANDSTONE,M-GR,SUB-ANG SAND, SILTY 2.66 1.99 2.24 25.0 2638. 
SILTSTONE,W/CHADIIC CLAY AND SANQ LAMINAE 2.67 1.89 2.18 29.1 2638. 
SILTSTONE,SANDY 2.66 1.84 2.15 30.7 2658. 
SS,M-GR I SUB-ANG,POORLY SORTED SAND W/SILT & GRANULES 2.66 2.10 2.31 21.2 2658. 
SILTSTONE,WELL CEMENTED,W/F-G1 SAND LENSES 2.66 1.92 2.20 27.7 2693. 
S1L1STONE W/MEG.FOSSILS 2.66 1.94 2.21 27.0 2711. 
SS,F-GR,SILTY W/SHALE FRAG & MEG FOSS. 2.66 1.93 2.21 27.3 2729. 
SS,VERY POORLY STD,SUB-ANG,FRI.,W/GRANDLES & MEG FOS 2.66 2.07 2.29 2?.2 275C. 
OIL SAND I FRIABLE,CRS-GR,POORLY SORTED,SU8-ANG SAND 2.66 1.93 2.20 27.6 2860. 
SANDSTONE,CRSE-GR,SLT.FRIABLE W/SILT LENSES 2.66 2.07 2.29 22.1 2895. 
SANDSTONE,CRSE-GR,SLI.FRIABLE W/SILT LENSES 2.60 1.96 2.22 26.1 2895. 
SANDSTONE,CRSE-GR,SUB-ANG,POORLY SORTED,WELL CEMTO 2.66 2.56 2.60 3.7 .2914. 
SHALE,GRAY,SILTY 2.66 1.89 2.18 28.0 2914. 

S. O. CO. CALIF. 20-33D 33-325-24E MIDWAY-SUNSET OIL FIELD KERN COUNTY CALIF. 
TOP ETLHEGOIN FM 2518 10P MIOCENE 3057 
ELEV 690 

GRAIN DRY BULK SATURATED TOtAL WELL 
L I THOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH • 

(G/CC) (G/CC) (G/CC) (%) (FT) 
SILISTONE, SANDY 2.66 1.79 2.12 32.7 2510. 
CLA'ISIONF,PATCHES OF SAND AND SILT 2.5.8 1.87 2.14 27.6 2548. 
SANDSTONE,SILIY,H/FN-GRISUB-ANG,POORLY SORTED SAND 2.67 1.85 2.16 30.8 257. 
SANDSTONE,MICACEOUS,V.F-GR. 2.67 1.89 2.16 30.7 2587. 
CLJOSIONE W/F-GR SAND LENSES 2.68 1.72 2.08 35.8 3003. 
SANuSlONE F-GR. W/MCG.FOSSILS 2.66 1.93 2.20 27.6 3015. 
LIMLS1ONE,C1AYEY,HARD,MOLLUSK BORINGS 2.72 2.69 2.70 1.2 3035. 
SANDSTONE,FM-GR,POORLY SORTED,MCG.FOSSILS 2.66 1.92 2.20 27.7 3035. 
SILTSTONEtW/FN-GR-E,AND 2.67 1.90 2.19 26.8 3055. 
SANDSTONE,COAkSE-GR,SUB-ANG,POORLY SORTED 2.66 2.01 2.25 24.5 3055. 
SANDSTONE-COARSE,SUB-ANG,FRIABLE,POORLY SORTED 2.66 2.06 2.29 22.5 3C94. 

SHALE.DARK GRAY 2.68 1.93 2.21 28.2 3G94. 
SANDSTONE,COARSE,SUB-ANG,POORLY SORTED 2.66 2.05 2.28 23.0 3114. 
SHALE,DARK GRAY 2.68 1.95 2.22 27.2 3114. 
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MOBIL OIL CORP. GORDON 1 34-32S-24E MIDWAY-SUNSET OIL FIELD KERN Co. CALIF. 
TOP ETCHEGOIN Fm 2888 
ELEV 628 

GRAIN DRY BULK SATURATED TOTAL WELL 
EITHOLoGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

(6/CC) (G/CC) (6/CC) 1%1 (F I) 
SILTSAONE,CLAYEY,SANDy 2.67 1.94 2A22 27.2 2626. 
SANDSTONE,P-GR,SILTY,WELL CMTD,MICACEOUS 2.66 1.99 2.24 25.2 2626. 
CLAYSTONE,GRAY-GREEN,SILTY 2.68 2.02 2.27 24.6 2644. 
SHALE,BROwN W/MEG.FOSS. 2.60 1.78 2.10 31.5 2682. 
CLAYSTONE,SILlY 2.67 2.06 2.29 22.9 2706. 
CLAYSTONE,y.SILTY W/V.F-GR SAND LENSES 2.74 1.97 2.25 28.1 2726. 
SANDSTONE,M-GR,ANG,WELL SORTED,FRIABLE.MILACEOUS 2.66 1.81 2.13 32.0 2764. 
CLAYSTONE,SILTy W/r-GR SAND LENSES 2.71 1.88 2.19 30.6 280?. 
INTERBEDDLD SAND-SILT-CLAY LAMINAE 2.67 2.01 2.26 - 24.8 2834. 
,SANDSTONE,FRI.,d1L STAINED,F-GR.,FAIRLY WELL SORIED 2.66 1.90 2.19 28.4 2846. 
SANDSTONE, WELL CMTD, POORLY STD, MICACEOUS 2.66 1.97 2.23 25.9 2846. 
CLAYSTONE,VERY SILTY 2.69 1.95 2.23 27.5 2869. 
SANDSTONE,M-GR,OIL STAINED,SJLTy,micACEOuS 2.66 1.90 2.19 28.4 2869. 
INTERBEDDED SILT-r-GR SAND,OIL STAINED 2.66 1.93 2.20 27.5 2866. 
SANDSTONE,OIL STAINEO,F-GR,POORLY STD. 2.66 1.89 2.18 29.1 2874. 
SHALE,BROWN,SILly 2.55 1.79 2.09 29.6 2883. 
CLAYSTONE,SILTY,GRAY-BROWN,FISH SCALES 2.53 1.94 2.17 23.3 2888. 
CLAYSTONE,W/SILTy LAMINA 2.67 2.04 2.27 23.7 2931. 
S1LTSTONE W/SAND AND CLAY 2.67 4.90 2.1,9 28.7 2968. 
SANDSTONE,F-GR,SILTY,FRIABLE 2.66 1.83 2.14 31.3 2968. 
INTERBEDDED V.r-GR SAND E SILT LAMINA 2.67 1.85 2.16 30.8 3005. 
SANDSTONE,M-GR,ANG,SILTY,W/mEG.FOSS. 2.66 1.90 2.18 28.7 3008. 
SANDSTONE,M-GR,SUB-ANG,CLAYE,Y,w/MEG.FOSS 2.66 1.84 2.15 31.0 3016. 
SHALE,SILT STRINGERS,GRAy 2.67 1.77 2.11 33.8 3101. 
SANDSTUNE,U-GR,ANG,CLAYEY,SILTY W/MEG.FOSS. 2.66 1.84 2.15 '30.9 3125. 
SILTSTONE,POORLY STD, WELL CM1D W/MEG FOSSILS 2.67 2.21 2.38 '17.1 3138. 
SS,M-GR,POORLY SORTED,MEG.ruSS. 2.66 2.05 2.28 22.8 .3145. 
SANDSTLINE,E-GS & CRSE-GP LAMINA,SILlY,w/MEG.FOSS. 2.66 1.83 2.14 31.4 3145. 
SS, M-GR, SILTY, W/MEG.FOSS. • 2.66 1.92 2.20 28.0 3147. 
SS,V.F-GR W/CRS-GR ANG PLY STD SO LcNsE,mcc.ross. 2.66 1.94 2.21 26.9 3158. 
SILTSTONE,W/CHAOTIC POORLY STD SAND LENSES 2.67 1.86 2.17 30.2 3182. 
StNDSTONE,CRSE,ANG,SILTY,P.SORTeD W/MEG.FOSS. 2.66 2.07 2.?9 22.2 3205. 
SANDSIONE,F-GR,ANG,W/THIN SILT LAMINAE 2.66 1.91 2.19 28.3 3217. 
INTERBEDDED sNND,SILT & CLAY 2.67 1.88 2.18 29.6 3223. 
SANDSTONE,F-GI, WELL STD., SL1. FRIABLE 2.66 1.86 2.16 30.2 3534. 
SANDSTONE, F-GR, FRIABLE 2.66 1.82 2.14 01.5 3569. 
OIL SAND, M-GR, SILTY, W/MEG. FOSS. 2.66 1.80 2.13 32.2 3577. 
SILTSTONE, V.r-GR SANDY LENSES 2.68 1.98 2.24 26.0 3603. 
SANDSTONE, SILTY 2.66 1.96 2.23 26.1 3611. 
SANDSTONE,M-GR,SILlY, SLTY. FRIABLE 2.66 2.00 2.25 24.7 3636. 
SANDSTONE,F-GR,S1LTY 2.66 1.98 2.24 25.6 3639. 
SILTSTONE, SANDY 2.67 2.13 2.33 20.2 3645. 
SANDSTONE,r-GR,SILTY 2.66 2.04 2.27 23.5 3649. 

MOBIL OIL CORP DOROTHY 6 34-32S-24E MIDWAY-SUNSET OIL FIELD KERN CO. 
ALL CORES PLIOCENE AGE 
ELEV 602 

GRAIN DRY BULK SATURATED TOTAL WELL 
L I THOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

1G/CC) (G/CC) (G/CC) It1 (FT) 
SANDSTONE,M-GR,SILTY MATRIX 2.66 1.93 2.21 27.3 3171: 
SS,V.CRSE-GR,FRIABLE,W/SILT LENSES 2.66 /.94 2.21 27.3 3175. 
SHALE,GRAY W/THIN EAMINA,SILTY 2.68 2.00 2.26 25.3 3178. 
SANDSTONE,E/M-GR,SILTY,ANG,FRIABLE 2.66 1.86 2.16 30.1 3179. 
SANDS1ONE0M/CRSE-GR,ANG,SILTY 2.66 1.,94 2.21 . 27.2 3187. 
SANDSTONE,M/CRSE-GR,ANG,SILTY,SLT.FRIABLE 2.66 1.91 2.19 28.2 3208. 
INTERBEDDED SAND-SILT-CLAY,MOSTLY F-GR SAND 2.67 1.91 2.19 28.6 3221. 
SANDSTONE,F-CR,ANG,SILTY 2.66 1.94 2.21 27.1 3238. 
INTERBEDDED SAND-SILT-CLAY 2.67 1.96 2.23 26.4 3248. 
CHAOTIC CLAY-SILT LAMINA 2.67 1.97 2.23 26.4 3253. 
SANDSTONF,F-GR,SILTY,HARD W/MEG.FOSS. 2.66_ 2.02 2.26 24.1 3255. 
-INTERBEDDED SAND-S1LT,POORLY STD. 2.67' 2.00 2.25 25.1 3268. 
SHALE,GRAY W/ LAMINA,SILTY 2.68 1.99 2.25 25.7 32E8. 
SANDSTONE,M-GR,SILTY,SLT.FRIABLE 2.66 1.88 2.17 29.4 3293. 
SANDSTONEI F-GR,SILTY 2.66 1.89 2.18 29.0 330/. 
SANDSTONE,F-GR,SILTY 2.66 1.94 2.21 26.9 3310. 
SSIM-GR,CONGLOM. W/MEG FOSS,CLAYEY,SILTY 2.67 2.08 2.30 21.1 3340. 
INTERBEDDED tAND-SILT-CLAY 2.67 1.99- 2.24 25.5 3341. 
SS I F/M-GR,SLT.FRIABLE 2.66 1.89 2.18 28.9 3390. 
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MOCIL OIL CORP TIALLMARK(PORTER) IA 25-12N-24W MIDWAY-SUNSET O. F. KERN CO. CALIF 
TOP ETCHEGOIN FM 2150 TOP MIOCENE 2490 
ELEV 700 

GRAIN DRY BULK SATURATED TOTAL WELL 
L I TH'CLOGY DENSITY DENSITY BULK DENS POROSITY CEPTH 

(G/CC) (G/CC) (G/CC) (%) (FT) 
CLAYSTONE W/SILT LAMINAL 2.70 1.91 2.20 29.3 2026. 
CLAYISILT E SAND LAMINAC,THIN 6 V.1-GR 2.68 1.85 2.16 31.0 '2030. 
SILT-CLAY INTERBEDDED LAMINAE 2.68 1.89. 2.18 29.6 2037. 
0LAYSTONE SILTY W/MEG.FOSSILS 2.76 1.75 2.12 36.5 2070. 
OIL SAND, M-GR, WELL STD. 2.66 1.81 2.13 32.0 2086. 
SANDSTONE,F-GR,POORLY SORTED,SUB-ANG SAND,CLAYEY 2.66 1.87 2.17 29.8 2086. 
CLAYSTONE W/MEG.FOSSILS,SILTY 2.72 1.77 2.12 34.9 2086. 
OIL SAND 1F-GR,WELL SORTED SAND W/SILTY STREAKS 2.66 1.87 2.17 29.5 2105. 
CLAYSTONCIW/PARALLEL LAYERS AND WAXY LUSTER 2.72 1.79 2.13 34.? 2105. 
CLAYSTONEISILTY ' 2.72 1.87 2.18 31.4 2124. 
SSIV.F-GR,WELL SORTED W/SILT LAMINAE,OIL SAND 2.66 1.86 2.16 30.1 2143. 
CLAYSTONE,PORCELANEOUS LUSTER 2.70 1.92 2.21 28.8 2143. 
CLAYSTONE, SILTY 2.61 1.82 2.)2 30.3 2183. 
SANDSTONE,V.F-GR SANE W/F-GR S4N0 AND SILT LAMINAE 2.66 1.85 2.15 30.5 2199. 
SILISTONE,W/V.F-GR SAND AND CLAY LAMINAE 2..67 1.79 2.12 33.0 2215. 
INTERBEDDED SAND & SILT 2.67 1.77 2.11 33.8 2233. 
SANDSTONE M-GR., AUG CR, CLAY MATRIX, MEG.FOSSILS 2.67 2.12 2.33 20.6 2250. 
SILTSTONE W/V.F-GR SAND LAMINAE,MEG.FOSSILS 2.67 1.83 2.14 31.5 2265. 
SANUSTONE,F-GR SAND W/SILT LAMINAE 2.66 1.76 2.10 33.8 2279. 
SILTSTONE W/ SAND-CLAY LENSES, MEG.FOSSILS 2.66 1.86 2.16 30.2 2297. 
MUDSTCNE,SILTY W/M-GR,SUB-ANG SAND 2.66 1.85 2.15 30.5 2315. 
SILISTONE, CLAYEY 2.67 1.00 2.13 32.4 2333. 
SSeCRSE-GR,SUI3-rANG,POORLY SORTED 2.66 2.03 2.27 23.6 2352. 
SILTSTONE,W/CLAY LAMINAE C M-GR,SUB-ANG SAND LENSES 2.67 1.88 2.18 29.5 2364. 
SS,V.F-GR SAND,SILT LAM,COARSE-GR ANG SAND LENSES 2.66 1.91 2.19 28.1 2393. 
SANDSIONE,CRS-GR,ANG,POORLY SORTED,SILTY W/GRANULES 2.66 2.11 2.31 20.8 2393. 
SANDSTONE,CLAYEY W/COARSE-GR,ANG,POORLY SORTED 2.66 1.94 2.21 27.0 2404. 
SANDSTONE,P-GR,POORLY SORTED,SILTY,CEMENTED 2.66 1.98 2.24 25.4 2420. 
SILTSTONE,CLAYEY W/F-GR SAND LENSES 2.67 1.88 2.17 ' 29.7 2438. 
CLAYSTONE,W/SAND AND SILT LAMINAE 2.67 1.90 2.19 28.7 2447.4 

SANDSTONE,V.CRSE,SILTY,SUC-ANG,POORIY SID. 2.66 2.02 2.26 23.9 2475. 

VANGUARD OIL CO. HFAVILIN I 34-32S-24E MIDWAY SUNSEI OIL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 3200 10P MIOCENE 4251 
ELEV.(DF) 645 

GRAIN DRY BULK SATURATED TOTAL WELL 
L I THOLOgY DENSITY DENSITY BULK DENS POROSIlY DEPTH 

(G/CC) (G/CC) (G/CC) (X) (FT) 

CLAYSTONEISAND STRINGERS 2.69 1.91 2.20 29.2 2847. 
SILTSTONEIMEG.FOSS.,FRIABLE 2.67 1.83 2414 31.5 2864. 

SS,F-GR,WELL SORTED,FRIADLE 2.66 1.83 2.14 31.3 2881. 

MUDSTONEISAND C CLAY LENSES 2.68 1.90 2.19 29.1 3687. 
2.66 2.02 2.26 24.2 3687.SS I M-C-GRISUB ANG GR,SILTY MATRIX,FRI. 
2.68 1.91 2.20 28.8 3956.CLAYSTONE,SILTY,MEG.FOSS. 

SILTSTONE,GRAY,CLAYEY,FUSSILS 2.67 2.05 2.28 23.2 3970. 
2.67 2.06 2.29 27.8 3983.SILTSTONE,SANDY 

SS 1 M-GR,CLAY MATRIX 2.66 1.97 2.23 25.8 3990. 
2.66 2.05 2.28 23.0 3999.SSO-GR,POORLY SORTED,FEW GRANULES 

26.0 3999.SILISTONEISANDY,CLAYEYIGRAY 2.67 1.97 2.24 
2.67 1.96 2.22 26.7 4017.MUDSTONE,F-GR SD. & CLAY STRINGERS 

MUDSTONE,CLAY MATRIX,SUB-ANG SAND GR 2.68 2.18 2.37 18.6 4105. 

SHALE,GRAY,SILTY 2.69 2.01 2.27 25.1 4133. 
2.68 2.01 2.26 25.1 4152. 

SiIALEOK GRAY,SILTY 2.69 2.02 2.27 24.9 4172.
MUDSTONE,GRAY,F-GR SD STRINGERS 

• 
2.67 2.02 2.27 24.2 4184. 
2.69 2.04 2.28 24.3 4198.

SILTSTONE,CLAYEY,GRAY 
SHALE,OK GRAY 

2.69 2.08 2.31 22.8 4200.SHALE,GRAY,SILTY 
2.65 2.04 2.27 23.0 4218.SHALE ,BROWN 

2.12 2.33 21.0 4236.MUOSTONE,M-GR EUHLORAL QUARTZ GRAINS 2.68 
2.69 2.02 2.27 25.1 4248.SHALE,DK GRAY,SLIGHTLY MICACEOUS 

2.27 24.9 4254.SHALE. OK GRAY,SILTY,SLTY MICACEOUS 2.69 2.02 
-

2.69 . 2.02 2.27 24.8 4265.SHALE,DK GRAY,SILTY 
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MOBIL OIL CORP. MOCO 35-110 35-12N-24W MIDWAY-SUNSET OIL FIELD KERN CO. CALIF. 
7UP ETCHEGOIN FM. 1E64 TOP MIOCENE 2083 
ELEV. 729 

• 
• GRAIN DRY BULK SATURATED TOTAL WELL 

L I THOLOGY DENSITY DENSITY BULK DENS POROSI1Y DEPTH 
(G/CC) (G/CC) (G/CC) (I) (F1) 

SILTSTONE,FRIABLE 2.66 1.89 2.18 29.0 1693. 
S1L1STUNE,GRAY 2.66 1.82 2.14 31.5 1703. 
SANDSTONE,VERY FN-GR,SUB-ANG,POORLY SORTED,GRAY 2.66 2.13 2.33 20.1 1718. 
SANDSTGNE, SILTY,FRIABLE, VAGUE LAMINAE 2.66 1.91 2.19 28.0 1753. 
INTERBEDDED SHALE-SILT LAMINAEIGRAY 2.67 1.88 2.18 29.4 1766. 
INTERBEDDED CLAY E. SILT LAMINAE 2.67 1.82 2.1i 32.0 1779. 
011 SAND, F-GR, TAR RESIDUE s2.66 1.79 2.12 32.7 1793. 
CLAYSTONC,SILTY 2.70 1.88 2.18 30.4 1793. 
INTERBEDDED SAND SILT LAMINAE,VERY 'IN-GR,ANG 2.66 1.89 . 2.18 29.0 1799. 
CLAYSTONE W/ VAGUE LAMINAE 2.67 1.72 2.07 35.7 1803. 
SILTSTONE, CLAYEY 2.67 1.63 2.02 39.0 1611. 
SILTSTONE 2.67 1.67 2.05 37.3 1815. 
CLAY & SILT 2.72 1.73 2.09 36.6 1620. 
SANDSTONE, FN-GM,ANU,POORLY SOR1ED SAND 2.65 2.18 2.36 17.6 1825. 
SANDSTONE,WELL CEMENTED,POORLY SORTED,M-GR,ANG 2.66 2.49 2.55 6.4 1826. 
CLAYS1ONE W/PIANT REMAINS 2.72 1.82 2.15 33.1 1834. 
CLAYSTONE W/FISH SCALES 2.72 1.78 2.12 34.6 1838. 
SANDSTONE,VERY FN-GR, ANG SAND 2.66 2.07 2.29 22.2 1845. 
ClAYSTONF,SILTY 2.69 1.81 2.14 32.6 1845. 
CIAYS1ONE,BRpWN 2.60 1.79- 2.10 31.1 1852. 
CEAYSTONE 2.60 182 2.12 29.9 1884. 
SANDSTONE,VERY TN-GR,WELL CEMENTED GRAY SAND 2.66 2.49 2.55 6.5 1892. 
CEAYSTONE 2.60 1.84 2.14 29.0 1892. 
CHAOT/C SILT-SAND LAMINAE,VERY FN-GR,BROWN SAND. 2.66 1.81 2.13 31.9 1905. 
CLAYSTONE 2.60 1.92 2.18 26.1 1925. 
S'ILTSTONE,CLAYEY 2.67 1.79 2.12 33.1 1940. 
SILTSTONE W/IN1ERBEDDED FN-GR'SAND LENSES 2.66 1.82 2.13 . 31.6 2013: 
SANDSTONE,POORLY SORTEDISUB-ANG W/ROUNDED PEBBLES 2.65 2.39 2.49 9.8 2015. 
SILISTONE I SANDY W/OILY fl-6R SAND LAMINA& 2.67 1.86 2.16 30.4. 2018. 
S/LTSTONE W/VERY FN-GR SAND LAMINAE 2.67 1.82 2.14 31.9 2026. 
SILISTONE,W/SUB-ANG SAND,SAND LENSES 2.67 1.89 2.18 29.3 2042. 
SANDSTONE,CLAY MATRIX,FRIABLE,M-GR,GUSHER SD. 2.66 2.00 2.25 24.9 2064. 
SS I V.C-GR.,ANG GRS,POORLY STD W/GRANULES 2.66 2.02 2.26 23.9 2074. 
SANDSTONE W/CLAY SATRIX,M-GR,SUB-ANG SAND 2.67 1.98 2.24 25.7 2088. 
SILTSTONE WITN-GR SAND LENSES,SHALY 2.66 1.84 2.15 30.7 2093. 
SANOSTONF,M-GR,ANG GRIPOORLY SORTED 2.66 1.97 2.23 26.0 2096. 
SANDSTONE,FN-GR,SILlY 2.66 1.81 2.13 31.9 211. 
SANDSTONEON-GRISUB-WOUNDED,SLT.FRIABLE 2.66 1.95 2.22 26.6 2119. 
SHALE,GRAY W/DARX,FN-GR,SUB-ANG SAND,SAND LENSES 2.67 1.65 2.03 38.2 2124. 
SANDSTONE,M-GR,ANG GR,POORLY SORTED 2.66 1.96 2.22 26.3 2129. 
SANDSTONE,IN-GR,SIllY 2.66 1.96 2.22 26.4 2133. 
SILTSTONE W/FN-GR,ANG SAND LENSES 2.66 1.81 2.13 32.1 2138. 
SANDSTONE,M-GR I SUB-ANG,SILTY 2.66 1.87 2.r7 29.6 2142. 
SHALE,BROWN 2.65 1.44 149 45.8 2192. 
SHALE, BROWN 2.65 1.47 1.91 44.6 2195. 
SHALE, BROWN 2.65 1.48 1.92 44.1 2198. 
SHALE, BROWN 2.65 1.76 2.09 33.7 2205. 
SHALE, BROWN 2.62 1.37 1.85 47.7 2220. 
SHALE ,BROWN 2.62 1.41 1.87 46.2 2240. 
SHALE ,BROWN W/LAMINAE,FILLED FRACTURES,FISH SCALES 2.60 1.35 1.83 48.2 2280. 
DOLOMITE (CLWT7) 2.86 2.25 2.46 21.5 2300. 
SHALE,BROWN 2.65 1.48 1.9:: 44.0 2316. 
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MOBIL OIL CORP MOCO 35-77 35-12N-24W MIDWAY-SUNLT OIL FIELD KERN CO. CALIF. 
TUP ETCHEGOIN FM 660 TOP MIOCENE 790 
ELEV 1017 

GRAIN DRY BULK SATURATED TOTAL WELL 
L I THOLOGY DENSITY DENSITY BULK DINS POROSITY DEPTH 

(G/CC) (G/CC) (G/CC) (%) (FT) 
SANDSTONE,GREENISH W/ WHITE SPECKS,DISTINCTIVE 2.67 .1.91 2.20 28.4 503. 
SILTSTONE,SANDY 2.67 1.84 2.15 31.2 503. 
SANDSTONE,GREENISH 2.67 2.17 2.36 18.8 528. 
CLAYSTONE,W/SILTY LAMINAE 2.70 1.90 2.20 29.6 528. 
SANDSTONE,OIL STAINED,F-GR.,S1LTY 2.67 1.93 2.21 27.6 528. 
OIL SAND,M-GP.,POORLY STD,ANG SAND,SATURATED W/OlL 2.66 1.75 2.09 34.1 52e. 
SANDSTONE,F-GR 2.67 1.91 2.19 28.6 556. 
OIL SAND, F-GR,ANG,SLT.FRI. 2.66 1.93 2.21 27.1 561. 
CLAYSTONE, SILTY 2.70 1.93 2.21 28.6 5C4. 
CLAYSTONE,SILTY 2.74 1.45 1.92 47.2 604. 
CLAYSTONE,W/MEG.FOSS. SILTY 2.66 1.54 1.96 42.2 617. 
CHAOTIC SAND,SILT,AND CLAY LENSES 2.67 1.76 2.10 34.1 624. 
SANDS1ONE,V.F-GR,SILTY W/MEG.FOSSILS 2.67 1.62 2.14 31.8 630. 
CAYSTONE,W/PLANT REMAINS AS CARBON RESIDUES 2.74 1.71 2.09 37.5 636. 
CLAYSTONE, SILTY 2.74 1.78 2.13 35.0 641. 
SANDSTONE,F-GR,MICALEOUS,CLAYEY,OIL,STAINED LAMINAE 2.67 1.95 2.22 26.9 650. 
OIL SAND,M-GR.POORLY SORTED,FRIABLE 2.66 4 2.03 2.27 23.6 650. 
SILTSTONE,W/MEG.FOSS. 2.67 1.85 2.16 30.6 654. 
CLAYSTONE,SILTY,FEW SC LENSES,OSTRACODS(?) 2.63 1.68 2.04 36.1 657. 
SS,M-GR,POORLY STD,ANG SAND W/MEG.FOSS,OIL STAINED 2.67 2.03 2.27 23.8 657. 
CLPISTONL,SILTY 2.58 1.69 2.03 34.6 669. 
CLAYSTONE, SILTY 2.58 1.71 2.05 33.8 6C2. 
SS,WELL CMID,PLY STD W/RNDD GRANULES & ME6.fOSS 2.68 2.61 2.64 2.7 688. 
CLAYSTONE,SILTY W/FEW THIN SAND LENSES 2.58 1.57 1.96 39.0 688. 
CLAYSTONE,S,ILTY W/FEW SD LENSES & MEG.FOSS. 2.62 1.54 1.95 41.1 703. 
CLAYSTONE,SILTV W/V.F-GR SAND LAMINAE 2.58 1.44 1.88 44.3 718. 
CLAYSTONE,GRAY,FEW SILT LAMINAE 2.58 1.42 1.87 44.9 727. 
SILTSTONE, CLAYEY 2.64 1.47 1.91 44.3 729. 
CHAOTIC SAND-SILT LAMINAE,W/MCG.FOSS. 2.67 1.61 2.01 39.5 739. 
SILTSTONE W/FEW CLAY AND V.E-GR. SAND INTERBEDS 2.67 1.5, 1 1.94 43.5 754. 
INTERBEDDED CLAY-SILT W/UIL STAINED SAND LENSLS 2.67 1.62 2.01 39.3 770. 

ATLANTIC-RICHFIELD CO. MARICOPA FEE 2 36-I2N-24W MIDWAY-SUNSET 0.1. KERL CO. 
TOP ETCHEGOIN FM 1935 TOP MIOCENE 2290 
ELEV 715 (APPROX.) 

GRAIN DRN BULK SATURATED TOTAL WELL 
L I THOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

(G/CC) (G/CC) (C/CC) I%) (F11 
CLAYSTONE, SILTY 2.71 1.97 2.24 27.5 1921. 
SILTSTONE, CLAYEY 2.68 1.89 2.19 29.4 1929. 
CLAYSTONE, W/SILTY LAMINAE 

A 
2.63 1.80 2.12 31.5 2166. 

SAND E SILT LAMINAE, F-GR. 2.67 1.76 2.10 34.0 2179. 
CLAYSTONE, W/SICT LENSES 2.67 1.77 2.11 33.7 2193. 
SHALE,GRAY W/VAGUE LAVINA,SILlY 2.67 1.87 2.17 30.0 2205. 
SS,V.POORLY SOR1ED,FRIABLE 2.66 2.03 2.27 23.7 2222. 
SANDSTONE, V.F-GR., SILTY 2.67 1.85 2.16 30.7 2222. 
SANDSTONE, V.POORLY STD.,CRSE TO FINE Gk. 2.66 2.16 2.35 18.8 2240. 
SILT, SAND,CLAY LAMINAE 2.67 1.85 7.16 30.8 2240. 
SILTSTONE,CLAYEY,W/V.F-GR.SAND 2.67 1.85 2.16 30.7 2259. 
SILTSTONE, SANDY,GRAY 2.67 1.88 2.17 29.7 2275. 
SANDSTONE, V.POORLY STO.,SIETY 2.66 2.01 2.25 24.5 2291. 
S1LTSTONE, CLAYEY 2.67 1.99 2.25 25.3 2291. 
SANDSTONE, V.POORLY STD., FRIARU 2.66 2.05 2.28 22.9 2312. 
CLAYSTONE, SILTY 2.67 1.83 2.15 31.4 2331. 
SANDSTONE, FRIABLE, POORLY SIO. c ?..-GR 2.66 1.97 2.23 26.0 2339. 
SILTSTONE, CLAYEY 2.68 1.92 2.20 28.3 2401. 

ATLANTIC-RICHFIELD CO. MARICOPA FEE 12 36-12N-24W MIDWAY-SUNSE1 0.F. KERN CO. 
ALL CORES MIOCENE AGE 
ELEV 695 (APPROX.) 

GRAIN DRY BULK SATURATED TOTAL WELL 
L 1 T H 0 1.0 G Y DENSITY DENSITY BULK DENS POROSITY DEPTH 

(G/CC) (G/CC) (G/CC) (%) (FT) 
SHtLE,GRAY 2.68 1.52 1.95 43.4 1858. 
SHALE, BROWN 2.63 1.48 1.92 43.7 1870. 
SHALE,BROWN 2.66 1.91 2.19 28.1 1875. 
SHALE ,BROWN 2.65 1.63 2.01 38.6 1897. 
SHALE,BROWN,VOL.APPROX. 2.60 1.51 1.93 41.9 191?.' 
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S. 0. CO. CALIF. A.P.C.26 36-12N-24W MIDWAY-SUNSET OIL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 2125 TOP MIOCENE 2510 
ELEV 662 

GRAIN DRY BULK SATURATED TOTAL WELL 
LITHOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

. (G/CC) (G/CC) (G/CC) (%) (FT) 
SANDSTONE,SILTY,CEMENTED,M-GR,ROUNDED-ANG GR. 2.67 1.91 2.20 28.3 2056. 
SILTSTONE,SANDY 2.67 1.85 2.16 30.6 2068. 
SANDSTONE,OIL STAINEDIF-GR,SILTY,MICACEOUS,W.SORTED 2.66 1.98 2.23 2..7 2076. 
SANDSTONE,M.F-GR,SILTY,W/CLAY LENSES 2.67 2.11 2.32 21.0 2099. 
SS,CRSF-GR,WELL CMTD,POORLY SORTED W/MEG.FOSS 2.66 2.32 2.44 13.0 2171. 
SANDSTONE,F-GRIANGtMiCACEOUS,SILTY W/MEG.FOSS. 2.67 1.89 2.18 29.1 2224. 
SS,M-GR,SUB-ANG,POORLY STD,WELLCMTDI MEG.FOSSILS 2.67. 2.26 ' 2.41 15.5 2236. 
SANDSTONE,F-GR,SILTY,POORLY SORTED, W/MEG.FOSS. 2.67 1.85 2.16 30.6 2248. 
INTERBEDDED SANDI SILT,CLAY LAMINAE 2.67 1.78 2.11 33.3 2748. 
SANDSTONE,FGR t POORLY STDIANG,SILTY 2.66 1.86 2.16 30.1 2404. 
SS I M-GR,ANG,POORLY STD I SILTY W/ GRANULES 2.67 1.94 2.21 27.4 2428. 
SILTSTONE,WELL CMTD 2.67 2.55 2.59 4.6 2440. 
1NTERB4DDE0 SAND AND SILT LAMINAE 2.67 1.85 2.16 30.6 2474. 
SANDSTONE,V.F-GR,SLT.CLAYEY 2.66 1.86 2.16 30.0 2489. 
SANDSTONE,F-GROELL CMTD,MICACEOUS 2.66 1.88 2.17 29.3 2496. 
SANDSTONEI HARD,WELL CMTD1M-GRt ANG SAND W/GRANULES 2.66 2.41 2.50 9.4 2510. 
SANDSTOAE,V.F-GR,OIL STAINED,SILTY 2.67 1.82 2.14 31.9 2510. 
SANDSIONE,F-GR,ANG,POORLY SORTED SAND W/MEG,FOSS. 2.66 2.40 2.50 9.9 2522. 
SANDSIONE,FRIABLE,CRSE-GR,SILTY . 2.66 2.08 / 2.30 21.7 252E. 
SS,C-GR,ANG,SILTY,POORLY Sib W/GRANULES 2.67 2.13 2.33 20.3 2531. 
SS,WELL CMTD,S1LTY W/M-GR,SUB-ANG SANDIPEBBLES 2.67 1.98 2.24 26.0 2551. 
SANDSTONE t HARD,WELL CMTD,SILTY,W/C-GR,ANG GRAINS 2.67 2.01 2.26 24.7 2584. 
SANDSTONEI CRSE-GR,POORLY STUISILTY,FRIABLE 2.66 2.05 2.28 22.9 2596. 
SILTSTONE,HARD W/6-GR SUB ANG SAND IN LENSES 2.67 2.51 2.57 6.0 2608: 
SHALE I GRAY,W/SILT LAM1N;.E 2.67 2.18 2.37 18.2 2608. 
SANDSTONE,V.SILTY,W/CRSE-GRtANG,SAND 2.66 1.94. 2.21 27.1 2603. 
SANDSTONE,CRtF-GR,POORLY STD,SILTY,FRIABLE 2.66 1.95 2.22 26.6 2626. 
SANDSTONE,M-GRISUB-ANG,WELL SORTED,FRIABLE:SILTY 2.66 1.97 2.23 26.0 2631. 
SILTSTONE,W/M-GR,ANG SAND LENS E FISH SCALES 2.67 1.69 2.06 36.7 2640. 
SHALE,BROWN 2.66 1.80 2.12 32.3 265C. 
SILTSTONE,HARD,DOLOMITIC 2.76 2.24 2.43 18.9 2661. 
SHALE,GRAY W/FISH SCALES 2.68 1.8? 2.14 31.9 2672. 
SHALE,BROWN WP-ISH SCALES 2.66 1.04 2.15 30.7 2679. 
SANDSTONE,CRSE-GR,POORLY SORTED,FRIABLE 2.66 1.92 2..20 27.7 2692. . 
SS,GRAY,FRI.,SILTY W/M-GR ANG SAND,ROUNDED PEBBLES 2.66 1.98 2.24 25.6 2703. 
SHALE,BROWN 2.66 1.64 2.02 38.5 2713. 
SANnSTONE,F-GR,ANG,SILTY 2.66 1.89 2.18 29.1 2713. 
SHALE,BROWN W/FISH SCALES 2.62 1.77 2.10 32.3 2738. 
SHALE,BROWN 2.60 1.86 2.15 28.4 2748. 
SHALE,DARK BRWN,SILTY 2.60 1.79 2.05 34.5 2775. 
SHALE,BROWN W/FISH SCALES 2.62 1.74 2.06 33.6 2803. 
SHALE,BROWN 2.65 1.63 2.02 38.5 2810. 
SHALE,BROWN 2.60 1.90 2.17 27.0 2817. 
SHALE,BROWN 2.62 1.54 1.95 41.1 2822. 
SHALE, BROWN 2.62 1.54 1.95 41.1 2828. 
SHALE, BROWN 2.62 1.75 2.08 33.1 2836. 
SHALE,BROWN W/SILT LAMINA 2.62 1.60 1.99 32.0 2865. 
SHALE,BROWN 2.62 1.50 1.92 4?.9 2866. 
SHALE,BROWN 2.62 . 1.50 1.93 42.8 2886. 

https://A.P.C.26
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S. 0. CO. CALIF. A.P.C.65 36-12N-24W MIDWAY-SUNSET OIL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 696 TOP MIOCENE 863 
ELEV.(DF) 754 

• 

GRAIN DRY BULK SATURATED TOTAL WAL 
II THOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

CLAYSTONE W/ OIL STAINED F-GR SAND LENSES 
(G/CC) 
2.56 

(G/CC) 
1.49 

(G/CC) 
1.91 

(T) 
41.9 

(FT) 
810. 

SAND-S1LT-CLAY LAMINAtV.F-GR t MICACEOUS SAND 2.58 1.52 1.93 41.0 822. 
CHAOTIC SAND-SILT-SHALE t 80 PERCENT SHALE 2.55 1.74 2.06 31.7 850. 
SHALETBUFF W/IRREG. F-GR T MICACEOUS SAND LENSES 2.65 1.64 2.02 38.1 857. 
SILTSTONEtCLAYEY W/V.CRSEtANG.SAND LENSE 2.65 1.86 2.16 29.9 876. 
SHALEtLT.BROWN,MICACEOUS W/FINEt1RREG SEAMS 2.20 1.04 1.57 52.6 901. 
SHtDIATOM. W/FRACTURES FILLED W/V.F-GR.SAND 2.08 0.89 1.46 57.3 924. 
SHALEtBUFFW/IRREGULAR GRAY SEAMS t D1ATOMACEOUS 2.15 0.89 1.48 58.5 942. 
SH I BUFF W/ IRREG.GRAY SEAMS & V.F-GR SAND LENSES 2.20 1.08 1.59 50.7 960. 
SHALE t TAN W/IRREG.BROWN SEAMStDIATOMACEOUS 2.00 0.90 1.45 55.1 976. 
SH W/CHAOT1C SILT LENSES & IRREG SEAMS1 DIATOM. 2.10 1.05 1.55 50.2 995. 
SAND-SILT LAMINAtCLAYEY W/IRREG.GRAY SEAMStOIL SD 2.50 1.37 1.82 45.1 1014. 
SHALE t DTATOMACEOUS 2.26 0.98 1.55 56.5 105C. 
SHtDIATOM. W/FRACTURES FILLED W/V.F-GR SD. 2.26 0.94 1.53 58.3 1072. 
SHALEtBROWN W/SILT AND F-GR.SAND LAMINA 2.45 1.10 1.65 55.1 1090. 
INTERBEDDED SAND-SILT-CLAY LAMINA t MAINLY SHALE 2.50 1.09 1.65 56.6 1109. 
SHALE W/ SILT & F-GR.OIL STAINED SAND LAMINA 2.50 1.18 1.71 52.8 1126. 
SH,BROWN W/SAND & SILT LAMINA & IRREG.GRAY SEAMS 2.50 1.15 1.69 54.0 1144. 
SHALE W/F-GR. SAND LAMINA 2.55 1.08 1.66 57.6 1162. 
INTERBEDDED SAND-SILT LAMINA t V.F-GR t MICACEOUS SAND 2.65 1.73 2.07 34.9 1180. 
SHALE W/ SILT AND F-GR.SAND LAMINA 2.45 1.08 1.64 56.1 1198. 
SHALE,GRAY,SILTY W/V.F-GR SAND LENSES 2.55 1.47 1.89 42.3 1216. 
SHALE t LT.BROWN t LAMINAE W/MICACEOUS SAND & SILT 2.55 1.25 1.76 50.9 1234. 
SHALEOUFF,MICACEOUS W/IRREG GRAY SEAMS t SILTY 2.35 0.99 1.57 57.8 1252. 
SHALE t BUFF W/IRREG. SAND C SILT LENSEStFEW SEAMS 2.65 1.23 1.76 53.7 1269. 
SHALE,GRAY,SILTY,SANDY,MICACEOUS t W/DARKER SEAMS 2.40 1.07 1.63 55.1 1287. 
SHALE, BROWN, 2.40 1.18 1.69 50.8 1305. 
SHALE I BROWN,SILTY 2.40 1.24 1.72 48.4 1321. 
SHALE t BROWN W/IRREG.GRAY SEAMS 2.40 1.15 1.67 52.2 1336. 
SH,BUFF,DIATOM. W/ROUGHLY PARALLEL GRAY SEAMS 2.45 1.13 1.67 51.9 1354. 
SH,BROWN t SILTY,FRACTURES FILLED W/GRAY V.F-GR SD 2.35 1.18 1.68 49.6 1368. 
SHALE,BROWN t LAMINATED 2.50 1.24 1.74 50.4 1178. 
SHALEtBROWNt W/SILTY LENSES 2.60 1.45 1.89 44.1 1392. 
SHALEtBROWNtSILTY W/FISH SCALES 2.60 1.32 1.81 49.3 1409. 
SHALE t BROWN 2.65 1.38 1.86 48.0 1425. 
SHALE t BROWN t SILTY 2.65 1.49 1.93 43.8 1439. 
SHALEIBROWNI SILTY 2.65 1.59 1.99 40.1 1456. 
SHALEOROWN t SILTY 2.65 1.4'3 1.89 46.1 1473. 
SHALE,BROWN,LAMINATED 2.65 1.38 1.86 47.9 1493. 
SHALE1 GRAY I SILTY,MICACEOUS 2.65 1.79 2.11 32.6 1508. 
SHALE I BROWN W/FISH SCALES 2.65 1.44 1.90 45.6 1522. 
SHALE t BROWN 2.65 1.56 1.97 41.1 1540. 
SHALEtBROWN W/FISH SCALES 2.65 1.43 1.89 45.9 1560. 
SHALEtBROWN 2.65 1.51 1.94 42.9 1585. 
SHALE t BROWN 2.65 1.39 1.87 47.6 1602. 
SHALE,BROWN 2.65 1.50 1.93 43.4 1613. 
SHALE,BROWNI SILTY 2.65 1.52 1.95 42.5 1624. 
SHALE t BROWN W/SILT LENSES 2.65 1.56 1.97 41.0 1642. 
SHALEtBROWN t SILTY04/FISH SCALES 2.65 1.43 1.89 46.1 1661. 
SHALEtBROWN,SILTY,MICACEOUSIW/FISH SCALES 2.65 1.49 1.93 43.9 1679. 
SHALE t BROWN t SILTY 2.65 1.36 1.84 48.9 1697. 
SHALEtBROWNISILTY 2.65 1.37 1.85 48.5 1716. 
SHALEOROWN W/SILT LENSES 2.65 1.63 2.02 38.3 1734. 
SANDSTONEIF-GRtSILTY0OIL STAINEDtSLT.FRI. 2.66 1.77 2.11 33.4 1734. 
SHALEOROWNtSILTY W/M-GR SAND LENSES 
SANDSTONE t E-GR,SILTY,MICACEOUStFRIABLF.,011 STAIN 

2.65 
2.66 

1.68 
1.79 

2.04 
2.12 

36.8 
32.5 

1750. 
1750. 

SS1M-GR W/CHAOTIC SILT LENSEStSLT.FRItOIL STAINED 
SSI F-GR t W/CHADTIC SILT LENSES & SEAMStOIL SD 

2.66 
2.66 

1.83 
1.82 

2.14 
2.13 

31.4 
31.6 

1767. 
1785. 

SHALEtBROWN W/FINE LAMINA 
SHALE,GRAY,VAGUE LAMINA 

2.65 
2.65 

1.39 
1.39 

1.87 
1.87 

47.4 
47.4 

1803. 
1803. 

SHALE t BROWN,W/SILT LAMINA 
SHALEtBROWN W/SILTY LAMINA 
SHALEOROWN W/SILTY LAMINA 
SHALE t BROWN,LAMINAEtWIRREG. GRAY SEAMS 

2.66 
2.66 
2.65 
2.65 

1.47 
1.58 
1.45 
1.33 

1.92 
1.98 
1.91 
1.83 

44.7 
40.7 
45.1 
49.7 

1803. 
1817. 
1832. 
1852. 

SHALE t BUFF W/FINE SAND E SILT LAMINA 2.65 1.38 1.86 47.7 1871. 
SANDSTONEtM-C.GR.tWELL CHID 4/CARBONATE 
OIL SAND,SATURATEDOOORLY STD. 

2.70 
2.66 

2.50 
1.99 

2.58 
2.24 

7.2 
25.1 

1882. 
1882. 

OIL SANDI SATURATEDOOORLY STD. W/GRANULES 
SHALEtBROWN W/FINE BUFF SEAMS AND M-GR SAND LENSES 
SHALEIBROWNtLAMINAIED 

2.66 
2.66 
2.6 

1.81 
1.62 
1.23 

2.13 
2.01 
1.77 

32.1 
38.9 
54.1 

1892. 
1909. 
1938. 

SANDSTONE t M-GROOORLY STD. W/SILTY LAMINA 
SHALE t BROWN I HARD,SILTY 

2.66 
2.66 

1.79 
1.45 

2.12 
1.90 

32.7 
45.6 

1938. 
1953. 

INTERBEDDED SAND-SILT LAMINA 2.66 1.71 2.07 35.5 1968. 

OIL SAND,F-GRtSILTY,FRIABLE 
SHALEtBROWN W/VAGUE LAMINA 
SHALEOROWNtLAMINATED 

2.66 
2.60 
2.60 

1.93 
1.42 
1.35 

2.20 
1.87 
1.83 

27.5 
45.4 
48.0 

1986. 
1986. 
2004. 

SHALEOROWNtLAMINATED W/SILT LENSES 
SHALEtBROWNtLAM1NATED 

2.63 
2.57 

1.75 
1.40 

2.08 
1.86 

33.6 
45.5 

2024. 
2042. 

SANDSTONF t SILTY,POORLY STD.t MICACEOUS 2.66 1.97 2.23 25.8 2060. 

SH t GRAY,SILTY,LAMINATED,SLICKENSIDES PERPEND BED.. 2.49 1.45 1.87 41.6 2080. 

SHALE t BPOWN t SILTY,LAMINATED 1.50 1.53 1.92 38.7 2100. 
SHALEOROWN W/THIN BUFF LAMINA . 
SHALEtSILT LAMINA 

2.50 
2.60 

1.30 
1.17 

1.78 
1.84 

47.8 
47.2 

2120. 
2140. 

https://A.P.C.65
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MOBIL OIL CORP. ETHEL D 101 36-1214-24W MIL4;AY-SUNSET OiL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN EH 852 TOP MIOCENE 1033 
ELEV 708 

GRAIN DRY BULK SATURATED TOTAL WELL 
L I THOLOGY DENSITY DENSITY BULK DENS POROSITY DEPTH 

(G/CC) (G/CC) (0/CC) (X) (FT) 
SILTSTONE,W/F-GR SAND E CLAY LAMINAE 2.67 1.52 1.95 42.9 795. 
CLAYSTONEI SILTY W/FISH SCALES ?_...59 1.69 2.03 34.9 850. 
CLAYSTONE 2.68 1.55 1.97 42.3 891. 
CHAOTIC SAND-SILT-CLAY,POORLY SID, WELL CMTU 2.65 2.14 2.33 19.4 891. 
SILTSTONE,CLAYFY W/MEG.FOSS. 2.63 1.53 1.95 41.8 915. 
INTERBEDDED SAND-SILT-CLAY LAMINA,SD LAM 011 SAT 2.63 1.62 2.01 38.3 965. 
SANDSTCME,M-GR I ANG,POORLY STD,SILTY,FRI. 2.66 1.80 2.12 32.2 1015. 
SIL1STONE,W/I-GR SAND & CLAY LAMINAE 2.65 1.57 1.98 40.6 1015. 
SHALE,BROWN 1/F-GR SAND LENSES 2.62 1.33 1.82 49.4 210'.. 
SHALE,BROWN 2.62 1.57 1.97 40.1 2229. 
SHALE,BROWN 2.62 1.34 1.83 48.9 2350. 
SHALE,BROWN 2.62 1.67 2.03 36.2 2597. 
SHALE,BROWN WITHIN SILT LAMINAE 2.65 1.37 1.85 48.7 2714. 
SHALE,BROWN 2.65 1.73 2.08 34.7 3064. 
SHALE I CROWN 2.65 1.43 1.89 46.2 3184. 
SHALE,BROWN 2.65 1.52 1.94 42.8 3304. 
SHALE,BROWN,W/SILT LAMINAE 2.65 1.28 1.80 51.5 3554. 
SHALE,BROWN W/SANDY LAMINA 2.65 2.17 2.35 18.0 3665. 
SANDSTONE, CRSE,SUB-ANG GR, SHALE MA1RIX 2.66 2.14 2.33 19.7 3668. 
SANDSTONE; M-GR, WELL STD. 2.66 2.04 2.27 23.4 3702. 
SHALE,BROWN W/SAND LENS 2.65 1.55 1.96 41.5 3/13. 
SANDSTONT,M-GR.,WELL CEMENTED W/SHALE LENSES 2.66 2.15 2.34 19.1 3113. 
SHALE,BROWN,SANDY,S1LTY W/GRANULE INCLUSIONS 2.66 1.98 2.23 25.7 3894. 
SHALE t BROWN 2.65 1.62 2.01 36.7 3894. 
SHALE,BROWN 2.65 1.73 2.07 34.9 4036. 

S. O. CO. CALIF. A.P.C.59 36-12N-24W MIDWAY-SUNSET OIL FIELD KERN CO. CALIF. 
TOP ETCHEGOIN FM 764 TOP MIOCENE 930 
ELEV.(DE) 778 

GRAIN DRY BULK SATURATED TOTAL WELL 
L I TH01 OGY DENSITY DENSITY BULK DENS POROSITY DEP1H 

(G/CC) (G/CC) (G/CC) (%) (FT) 
SHOUFF,MICA.S0 PA'aINGS,DIATOM. 2.20 0.99 1.54 55.0 1000. 
SH I BUFf,LAMINATED W/FEW OK SEAMS 2.35 0.99 1.57 57.8 1130. 
SH t BUFF W/MICA.SD PARTINGS S SEAMS 2.45 1.01 1.60 58.7 110. 

SHALEI BROWN,SLIGHILY SILTY 2.40 1.23 1.71 48.9 1265. 
SHALEI LT BROWN,DIATOMACEOOS I ISRU..FR/CrURES 2.50 1.37 1.82 45.3 1310. 
SHOUFF W/LAMINA C IRREG DARK SEAMS 2.40 1.13 1.66 53.1 1163. 
SHALE,BROWN,FISH SCALES 2.65 1.45 1.90 45.2 143). 
SH,LT GRAY,IKREG. FRACTURES 2.65 1.66 1.97 41.0 1450. 
SHALE W/ SIL1 2.65 1.16 2.09 33.7 1489. 
SHALE, BROWN 2.65 1.45 1.90 45.2 1515. 
SHALL I BROWN,SLIGHTLY SILTY 2.65 1.56 1.97 41.1 1595. 
SHALE, BROWN 2.60 1.35 1.83 48.1 1655. 
SHALE ,GRAY-BROWN W/MICA.SD PARTINGS 2.65 1.63 2.0/ 38.7 1738. 
SS I M-GS,SILTY 2.65 1.79 2.12 32.3 1854. 
SS,M-GR W/CHAOTIC SILT LENSES 2.65 1.88 2.17 2).1 1967. 

5HALE I SRGI1,MICA.S0 PARTINGS 2.65 1.76 2.09 33.7 1967. 
SILTSTONE,SAND PARTINGS,SHALFY 2.65 1.96 2.22 26.1 2019. 
OIL SAAD,M-GR,SILlY 2.65 1.84 2.15 30.5 2019. 
SHALE ,GRAY-DROWN 2.65 1.38 1.86 48.1 2077. 

https://5HALEISRGI1,MICA.S0
https://W/MICA.SD
https://W/MICA.SD
https://SHOUFF,MICA.S0
https://A.P.C.59
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