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where normal marine clastic deposits have undergone similar burial histories
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set of circumstances (McCulloh, pers. commun.). The unusually high geothermal
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reducing diagenesis (Lowry, 1956).
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GEOLOGIC STUDIES OF THE POINT CONCEPTION
DEEP STRATIGRAPHIC TEST WELL
OCS-CARL 78-164 NO. 1
OUTER CONTINENTAL SHLEF
SOUTHERN CALIFORNIA, UNITED STATES

Harry E Cook, Editor
U.S. Geological Survey
Menlo Park California

SUMMARY

1. The Point Conception OCS-Cal 78-164 No. 1 well penetrated 9,106 ft
(drilled depth 10,571 ft) of sedimentary rocks in the offshore southern
California borderland. The age of the sediment was determined by examina-
tion of planktic and benthic foraminifers, radiolarians, diatoms. and
coccoliths. Based on coccoliths, the section is Cenozoic in age down to a
drilled depth of about 10,000 ft. At this depth an unconformity is infer-
red to exist between Miocene and Lower Cretaceous or uppermost Jurassic
strata. From about 10,000 ft to the base of the well at 10,571 ft, the
sediment contains Mesozoic coccoliths. On the basis of benthic foramin-
ifera no unconformity was found at the 10,000 ft level. Instead, Miocene
benthic foraminifera occur from about 8,300 to 10,571 ft with no evidence
for pre-Miocene sediment. Other fossil groups were not age diagnostic
below a drilled depth of about 4,500 ft. However, other types of data also
suggest an unconformity occurs at about 10,000 ft. These data are derived
from sonic and density logs, seismic reflection profiles, dipmeter values,
and sediment changes.

2. Significant shows of hydrocarbons occurred between 2,900 and 5,800
ft. The sediment down to a depth of about 4,400 ft is mainly mudstone,
siltstone, and sandstone. Siliceous mudstone 1is abundant from 4,400 to
5,450 ft. From 5,450 to 7,400 ft porcellanite, chert, and minor amounts of
dolomite dominate the section. Siltstone, mudstone, sandstone, and
conglomerate occur in the interval from 7,400 to 9,735 ft. From 9,735 ft
to the base of the hole the section consists of sheared and polished mud-
stone and siltstone.

3. By analogy with several outcrop areas on land, the well section
most closely resembles sediment exposed in the Tranquillon Mountain area.
There lower Miocene beds overlap Oligocene, Eocene, and Upper Cretaceous
formations onto Lower(? ) Cretaceous strata.

4. The U.S.G.S. ran a CDP multichannel acoustic reflection profile
1.8 mi southeast of the Point Conception well. Some of the high amplitude
reflectors in this profile approximate the boundaries of major rock untits
identified by changes in electric log parameters, lithology, sonic veloc-
ity, and paleontologic ages. This acoustic profile is divided into eight
seismic-stratigraphic units. ’



5. The present geothermal gradient in the Point Conception well is
48°c/xm. This is an exceptionally high gradient and is comparable to tem-
perature gradients from the largest oil fields in the Santa Maria Basin and
the Wilmington oil field in the Los Angeles Basin. Temperatures occur in
this well that are higher than those at equivalent depths in most of the
Santa Barbara Channel, Ventura Basin, and large parts of the Los Angeles
and San Joaquin Basins. The geothermal gradient in the Point Conception
well 1is consistent with temperatures high enough for the generation of
petroleum at depths reached in this well.

6. Organic geochemical studies coupled with data on vitrinite reflec-
tance data indicate the organic matter from the Point Conception well is
dominantly of a type which has excellent oil-generating capacity. The
organic matter in the Cenozoic sediment is immature to marginally mature in
terms of the degree of thermochemical transformation usually required for
abundant petroleum generation. However, the concentration of extractable
hydrocarbons is exceptionally high, and these extractable hydrocarbons have
characteristics in common with crude oils from the nearby Santa Maria
Basin. This and other geochemical data suggest that the organic matter in
these rocks may yield significant amounts of hydrocarbons at early stages
of thermochemical transformation.

7. Log calculations 1indicate that the section down to 5,400 ft is
strongly undercompacted, with mean porosity values in the range from 44.4
to 33.8 percent. Strata between 5,400 and 9,450 ft have calculated density
log porosity values from 29.8 to 9.3 percent. Porosity values from a core
at 9,529 to 9,549 ft range from 15.8 to 17.9 percent. Porosity values cal-
culated from the density log through the interval 9,451 to 9,979 ft have a
mean value of 10 percent. Burial consolidation and cementation by carbonate
and phyllosilicate minerals may account for much of the progressive loss of
porosity with increasing depth.

8. Petroleum in most California oil fields, both onshore and off-
shore, occurs 1in sandstone reservoirs with intergranular porosity.
However, 1in a few places, 1interconnected fractures 1in diagenetically
altered siliceous "shale" form the reservoirs. Two such places are the
nearby Santa Maria Basin onshore and the Santa Barbara Channel offshore.
The Santa Maria Valley oil field is an almost purely stratigraphic trap in
which fracture porosity in the Monterey Shale has created large reser-
voirs. Whether such fractures occur in the Point Conception well is not
known. However, fracture porosity 1in purely diagenetic or structural-
diagenetic combination traps may prove to be a key element in the discovery
of oil in the area surrounding this well.

9. A number of geologic parameters are favorable for the discovery of
petroleum in this area--high geothermal gradients, a thick section of
richly organic-prone source rocks, strata thousands of feet thick composed
in large part of orginally biogenic opaline silica, and a deformational
history that has produced broad folds and some large faults.



INTRODUCTION

The Point Conception well is classified as an Offshore Deep Strati-
graphic Test and is designated the 0CS-Cal 78-164 Na. 1. This well was
drilled about 10 mi southeast of Point Arguello (lat. 34°28'56.6"N, long.
120°47'0"W) in 1,428 ft of water. Drilling continued to a total depth of
10,571 ft below the Kelly Bushing. This is the second deep stratigraphic
test that has been drilled on the offshore southern California borderland.
The first one (0OCS-CAL 75-70 No. 1) was drilled in 1975 on Cortes Bank, a
few hundred miles southeast of the Point Conception well.

Point Conception well was located off-structure but adjacent to the
area offered for leasing on June 29, 1979, as part of OCS Lease Sale No.
48. Although it was drilled off-structure, significant shows of oil and
gas were noted at various intervals between a drilled depth of 2,900 ft and
5,800 ft. The granting of Federal leases within 50 mi of the Point
Conception well has made possible the publication of data on this well
within 60 days after such leasing.

This report is divided into separately authored sections on geologi-
cal, geophysical, geochemical, and paleontological topics. Most of these
topics are still being studied, but because the Point Conception well has
such 1immediate 1interest, publication of these preliminary results and
interpretations is warranted. Later this Open-File Report will be reissued
as a Survey Circular.

All depth references in this report are drilled depths below the Kelly
Bushing, which is 37 ft above mean sea level. Water depth 1is 1,428 ft,
thus the sea floor begins at a drilled depth of 1,465 ft.
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sSwenson. H. Cullins, W. Roberts, V. Stephens, F. Webster, and K. Yenne
were very helpful in supplying data from this well. The editor appreciates
very much the clerical help of Terry Coit who assisted in numerous phases
of this report.



WELL DATA

R. B. Tudor

U.S. Geological Survey
Los Angeles, California

A. Summary of Well Data

1.

Operator:

a) Exploration Services Company Inc.

Participants

a) Aminoil U.S.A., Inc.
b) Amoco Production Co.
¢) Chevron, U.S.A., Inc.
d) Continental 0Oil Co.

e) Exxon Co., U.S.A.

f) Getty 0il Co.

g) Gulf 0il Co.

h) Marathon 0il Co.

i) Mobil 0il Corp.

j) Oxy Petroleum, Inc.

k) Phillips Petroleum Co.
1) Shell 0il Co.

m) Superior 0il Co.

n) Union 0il Co. of California

Principal Contractor:

a)

Support Contractors and Services:'

a)
b)
c)
4)
e)
£)

g)
h)

Global Marine, Inc., Glomar Atlantic #1 Drilling Vessel

C&C Fisheries, Inc.

Global Marine, Inc.

Halliburton Services

Leppaluoto Offshore Marine

Magcobar

Offshore Crane and Serivce
Co., Inc.

Rotor Aids, Inc.

Western Boat Operators, Inc.

Electric Marvel Standby Boat
Glomar Atlantic

Cement, Chemicals

M/V Harold T Crewboat
Drilling Fluids

Crane Service
Helicopter Services
MV Ocean Tarpon. Supply Boat



10.

11.

12.

13.

14.

15.

GeoScience Contractors and Services:

a) Anderson, Warren and
Associates
b) General Oceanographics
¢) Core Laboratories, Inc.
d) Dresser Olympic Operations
e) Exploration Logging
f) GeoChem Laboratories
g) Glomar Atlantic
h) 1Intersea Research Corp.
i) Marathon Research
j) Navigation Services, Inc-
k) Oceanographic Services, Inc.
1) Schlumberger Offshore
m) SSC-Birdwell Division
Lease Designation: Unleased
Well No: OCS-CAL 78-164, No. 1
Location:
X = 1,165,502 ft
Surface  y _ 369,005 £t
Block N796 E28 UTM
Offshore Tract 463
(OCS sale No. 53)
curface LOMgitude 120°47'0"
Latitude 34°28'56.6"
Classification: Offshore Deep Strat
Elevation: RKB-37 ft
Water Depth: 1,428 ft
Spud Date: October 7, 1978
Date T.D. Reached: December 9, 1978
Completion Date: December 18, 1978

Status: Plugged and Abandoned

Consulting Micropaleontology
Sampling Processing

Shallow Seismic Profiles

Core Analysis

Deep Seismic Profiles

Mud Logging

Geochemical Analysis

Weather Surveys

Geophysical Geological Studies
Wave Rider Buoy Data

Thin Sections

Of fshore Surveyors

Meteorology Survey

Well logging, Formation Testing

Velocity-Surveying

California Coordinate System--Lambert Zone 5

At X = 704,838 m uT™
Surface Y= 3,817,706 m Zone
10

igraphic Test



16. Total Depth: 10,571 £t RKB

17. Plug-Back Depth: 1,527 £t RKB

B. Operational Data

1‘

Mud Program

The drilling fluid used in the mud program for the initial 175 ft
of drilled hole below the ocean floor (1,640 RKB) was salt water.
From this point to total depth of 10,571 ft TKB a Gel Water mud was
used.

2. Hole Dimensions:
A 36-inch hole was drilled to a depth of 175 ft below the ocean
floor (1,640 RKB), thence a 26-in. hole to 532 ft below the ocean
floor (1,997 RKB), a 17 1/2-in. hole from 532 ft to 1,550 feet
(3,105 ft RKB), a 12 1/4-in. hole from 1,550 ft to 3,998 ft (5,463
RKB), and an 8 1/2-in. hole to total depth of 9,106 ft below the
ocean floor (10,571 RKB).
3. Casing Report
Casing Depth Set Hole Size Cementing Record
30" 1618"' 36" 700 SX Class H (2% CaCl2 seawater)
20" 1995" 26" 1090 SX Cl. H (2% CaCl2 Seawater)
13 3/8" 2991" 17 1/2" 840 SX Cl. H (2 1/2% gel water)
9 5/8" 5440°' 12 1/4" 940 SX Cl. G (2 1/2% gel water)
4. Open Hole Test - None
5. Cores:
One conventional core was taken from 9,529 ft to 9,549 ft, and 20
feet was recovered. One junk basket core was taken from 7,066 ft
to 7,068 ft and 1 ft was recovered. Nine sidewall cores were taken
from 3,064, 3,199, 3,650, 5,054, 10,222, 10,310, 10,318, and 10,253
ft.
Number Recovered and Analyzed - 9
5. Geochemical Analysis:

Analysis of Mud, Ditch, and Core Samples from 2,000 ft to 10,571
ft.

Number of Samples: 58
Number Analyzed: 58



6. Surveys: from 1,962 ft-to 10,571 ft Total Depth.

Wireline Services: Operator-Schlumberger Electric Logs:
Dual Induction-Laterolog 2"=100' and 5"=100' (2 separate logs)
Compensated Neutron-Formation Density 5" (1 log)
Computer Processed Log 5" (1 log)

Formation Factor 5" (1 log)

Dip Meter 2"=100' (2 separate logs) Tadpol Plot
Borehole Compensated Sonic Log 2" and 5" (2 logs)

Long Spaced 8'-10' Sonic Log 5" (1 log)

Cement Bond Log Variable Density 5" (1 log)

BHC Sonic =-- Variable Density 5" (1 log)

Continuous Dipmeter 5" Run 1 and Run 2 (2 logs)
Mudlog--Lithology 2"

Temperature Data Log 1"

Drilling Pressure Log 1"

Pressure Analysis Log 1"

Direction Survey - Single Shot only

Repeat Formation Tester None

The well was drilled as a vertical hole, but due to the rapid rate
of penetration some deviation occurred. A Single Shot Directional
Survey was run. The bottom survey was taken at 10,571 ft total
depth. The hole angle was 8%45's 72%.

Sample and Circulation Data
1. Ditch Sample Program

From To Sample Interval Total Samples

2,000 ft 10,571 £t 30 ft 286

2. Circulations
N.A.

3. Lost Circulations
3,085-4,500 ft, at intervals

Plugging Program

1. Cement plugs were placed at the following depths:

#1 5900 - 5700°'
#2 5440 - 5390'
#3 1665 - 1527



418

419

420

462

463

No OCS-CAL 78-184, Na. 1
X=1,165,502 Ft,
Y=368,005 FL
Lat. 34°28°56.6' N
Long. 120°47°C'W

\

(o]

464

87w

86w

Scale 1:96,000
1 Inch=8,000 Feet

Lacation plat showing the projected surface position
of the 0CS-CAL 78-164 No.

1 well.
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Schematic diagram showing relative position of casing strings, cement
displacement, and plugging and abandonment program
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GEOLOGIC SETTING

D. S. McCulloch, J. G. Vedder, H. C. Wagner, and R. H. Brune
U.S. Geological survey
Menlo Park California

INTRODUCTION

Placement of cooperative offshore stratigraphic test well OCS Cal 78-
164 No. 1 into one of the traditionally used structural and geomorphic
provinces of southern California is problematical. Although the well site
is directly west of the Transverse Ranges province as depicted by Jahns
(1954), the structural grain offshore has closer affinities to that of the
southern Coast Ranges province (von Huene, 1963; Howell, McCulloch, and
Vedder, 1978; Willingham, 1979). The well is near the north edge of the
Arguello plateau (von Huene, 1969) on the slope incised by tributaries of
the Arguello Canyon system. All well depths refer to drilled depths
beginning at the derrick floor. Thus, the sea floor is at a drilled depth
of 1,465 ft.

In order to compare the section drilled in Well OCS-Cal 78-164 No. 1
with possibly correlative sections elsewhere, four well-known onshore areas
have been selected for brief descriptions of stratigraphy and structure.
In addition, interpretations of offshore geophysical data are used to
supplement the onshore geologic information and to infer correlations with
the well section. The onshore areas include the western Santa Maria basin,
the Santa Ynez Mountains near Point Arguello and Tranquillon Mountain, the
Point Conception-Canada de Santa Anita area, and San Miguel Island. The
sub-seafloor interpretations are derived from a U.S.G.S. CDP multichannel
acoustic-reflection profile that transects the area near the well (Fig.
1a).

Because stratigraphic names differ from place to place among the
selected onshore areas and because such names connote chronostratigraphic
units to some geologists, we do not use formal nomenclature for the well
section. Application of names to parts of the well section in which
correlation is uncertain or unknown would be misleading and possibly
incorrect. Even though correlation of some stratigraphic sequences in the
well is fairly certain, names are used only for comparison with their
onshore counterparts.

Santa Maria Basin
In the western Santa Maria basin, the exposed sedimentary section has
a maximum thickness of about 10,000 ft (3,050 m); and the subsurface sec-

tion about 27,000 ft (8,250 m) (Woodring and Bramlette, 1950). Basement
rocks at Peint Sal include a Jurassic ophiolite about 160 m.y. old and

10
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Figure la. Locality map showing Pt. Conception well (10 mi SW of Pt.

Arguello) in relation to seismic-reflection profile (A-A').
Circled numbers refer to stratigraphic columns shown in
Figure 1lb.
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overlying beds of . late Kimmeridgian(?) and Tithonian (Late Jurassic) age
(Hopson and others, 1975). Farther east, Franciscan rocks constitute the
basement. Upper Cretaceous, Paleocene and Eocene rocks are not known in
the onshore part of the basin southwest of the Santa Maria River-Foxen
Canyon~Little Pine fault zone. The nonmarine Lospe Formation probably
accumulated in Oligocene(?) and early Miocene(?) time during the initial
phase of basin development. Marine formations of Miocene and Pliocene age
have a composite maximum thickness of 11,500 to 15,000 ft (3,500 to 4,575
m) and are overlain by a nonmarine section as much as 4,500 ft (1,375 m)
thick (Krammes and Curran, 1959; Crawford, 1971). Column 1, Figure 1b
shows the-stratigraphic succession of these rocks; their offshore counter-
parts are described briefly by Hoskins and Griffiths (1971), McCulloch and
others (1977), and Howell, McCulloch, and Vedder (1978).

The major structural features of the Santa Maria district trend west-
northwest, parallel to the basin trough. Minor west-trending folds and
faults, however, transect the pattern of the larger scale features. Open
folds and narrow, closely spaced, and asymmetric folds with vergence both
northward and southward are characteristic of the basin structures
(Woodring and Bramlette, 1950; Crawford, 1971). Many of the folds began to
form near the end of the Miocene and presumably culminated in the
Pleistocene. Faults, both exposed and in the subsurface, commonly trend
northwest. Dip slip as well as strike slip has been attributed to thenm,
and various tectonic interpretations have been proposed including regional
compression, pull-apart structure with rotation, and sinistral wrench
faulting (Dibblee, 1978; Hall, 1978; Sylvester and Darrow, 1979). Many of
the central basin faults cut late Pliocene and Quaternary rocks.

Point Arguello-Tranquillon Mountain Area

The Point Arguello-Tranquillon Mountain area is geologically atypical
of the bulk of the western Santa Ynez Mountains. Unconformities character-
ize the stratigraphic sequence, which is nearly 12,000 £t (3,650 m) thick;
and a large accumulation of Miocene volcanic rocks interrupts the
sedimentary succession. Franciscan melange north of Cahada Honda Creek is
faulted against Dibblee's (1950) type Honda Formation at the few places
where the contact is exposed. Fossils recently collected from the Honda
Formation have been assigned to the Tithonian, Valanginian, and Hauterivian
to Barremian Stages (Late Jurassic and Early Cretaceous age) (D. L. Jones,
oral commun., 1979). Interbedded sandstone and siltstone of Dibblee's
(1950) type Espada Formation conformably overlie the Honda; the Type
Espada, in turn, is unconformably overlain by the Oligocene and early
Miocene Vaqueros Formation and Rincon Claystone (Col. 2, Fig. 1b). Note-
worthy in this area are the absence of surface exposures of Upper
Cretaceous rocks, absence of nonmarine Oligocene beds, a major unconformity
at the base of the Oligocene~lower Miocene section, and a relatively thick
conglomeratic section of the Vagqueros Formation. As much as 1,200 £t (365
m) of rhyolitic flow and tephra in the lower part of the Miocene section
are centered around Tranquillon Mountain.

The Tranquillon Mountain area has undergone several episodes of struc-
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.tural deformation since deposition of the Espada Formation. This activity
resulted in complete erosion of the Upper Cretaceous Jalama Formation
except in the subsurface section near Sudden. Faults and folds as old as
Oligocene and unconformities at the base and top of the Anita Shale and
Vaqueros Formation and at the base of the Tranquillon Volcanics attest to
the episodic deformation throughout the Tertiary (Dibblee, 1950). The dom-
inant structural feature is anticlinal with smaller folds superimposed. 1In
general, folds trend west-northwest and northwest and are relatively broad,
particularly in the pre-middle Miocene rocks. Faults trend east to
northeast and have dip-slip separation, except for the Canada Honda fault
along which left-slip separation, as well as dip-slip component, south side
up, is indicated by en echelon folds and stratigraphic relatiions (Dibblee,
1950).

Point Conception=Cafiada de Santa Anita Area

The homoclinal sequence exposed along the coastal belt from Point
Conception to Cafiada de Santa Anita is representative of the rocks that
constitute the crest and south flank of the Santa Ynez Mountains as far -
east as Santa Barbara. This uninterpreted succession of marine sedimentary
rocks ranges in age from Late Cretaceous to late Miocene and is about
15,500 ft (4,725 m) thick. The named stratigraphic units, their thickness,
and general lithologic character, are shown in column 4, Figure 1b. Presum-
ably the Upper Cretaceous Jalama Formation is underlain in the subsurface
by rocks equivalent to the Espada, Honda, and Franciscan rocks in the
vicinity of Tranquillon Mountain. Strata younger than the Sisquoc Formation
were penetrated by wells in the Santa Ynez Unit on the Outer Continental
Shelf (OCS) about 5 miles (8 km) offshore. This young sub-seafloor section
includes Pliocene, Pleistocene, and Holocene sediments (commonly called
Repetto, Pico, Santa Barbara, San Pedro, and Saugus Formations) that have a
composite thickness of about 10,000 ft (3,050 m) (Vedder and others, 1976).

The coastal belt between Point Conception and Canada de Santa Anita is
structurally simple. With the exception of a syncline in Miocene strata of
the Point Conception area, the beds are homoclinal and strike parallel to
the shoreline. North of the ridge crest and bordering Jalama Creek, the
east-trending Pacifico fault marks the north edge of the homocline. Accord-
ing to Dibblee (1978), the fault is traceable for about 10 miles (16 km),
the south side is up with stratigraphic separation of about 5,000 ft (1,525
m), and a left-slip component is indicated by adjacent folds. Although
Dibblee did not map the fault through folded Monterey Shale in the seacliff
near the mouth of Jalama Canyon, a fault labeled the Pacifico fault extends
about 1.5 miles (2.4 km) offshore on Plate II, Appendix 2.5, of a report by
Earth Sciences Associates (1975).

San Miguel Island
Notwithstanding the fact that it lies nearly 40 miles (65 km) south-
east of the well site, San Miguel Island has a stratigraphc sequence that

warrants comparison with the well section. Weaver (1969) and Weaver and
Doerner (196%a, b) report nearly 15,000 ft (4,575 m) of Upper Cretaceous
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and Tertiary section of which 6,325 ft (1,928 m) of interbedded sandstone
and shale are assigned to the Jalama Formation and from which Turonian,
Campanian, and Maestrichtian (Late Cretaceous) microfossils are recorded.
The overlying lower and middle Tertiary section consists of interbedded
sandstone, siltstone, and minor conglomerate of Paleocene, Eocene and
Oligocene age and basaltic to dacitic volcanic rocks, volcaniclastic beds,
and siliceous shale of Miocene age (Col. 5, Fig. 1b). Rocks similar to
those exposed on the island underlie the insular platform to the northwest.

Weaver and Doerner's (1969a, b) geologic map of San Miguel Island
shows that the principal structural feature is a faulted homocline that
strikes west-northwest. A northwest-trending syncline, which is fault
truncated along its southwestern flank, disrupts the homocline in the east-
ernmost part of the island. The dominant set of faults, some of which have
large amounts of dip-slip separation, generally are nearly vertical and
strike northwest. A set of minor faults, chiefly along the south-central
coast of the island, strikes north to northeast.

Relation of Offshore Geology to the Well Site

The following discussion is based largely upon interpretation of a CDP
multichannel acoustic-reflection profile that passes approximately 1.8
miles (2.9 km) southeast of the well (Fig. 1a). The data were collected by
the U.S. Geological Survey R/V S.P. LEE using a 24-channel, 2400-meter
streamer and a 2.2 liter air gun array. The profile is shown (Fig. 2) after
the data were stacked, deconvolved and migrated. Lithologic, biostrati-
grahic, electrical resistance, and sonic data from the well have been inte-
grated into the profile by projection parallel to the regional structure
and by approximately maintaining a constant water depth (0.6 sec).

Many of the seismic reflectors in the profile produce distinctive high
amplitude signals; others occur within packets defined by the geometry of
the packet. Some of the high amplitude reflectors and packet boundaries
appear to approximate the boundaries of major rock units identified by
changes in electric log characteristics, lithology, and sonic velocity and
paleontologic ages from ditch and core samples. A line drawing of the
acoustic reflection profile shows the reflector positions and packet
boundaries (Fig. 2). To facilitate descriptions of the acoustic profile
and discussion of possible correlations, the interpreted acoustic profile
is divided into seismic-stratigraphic units A through H.

At the intercept of projection of the well to the profile, the base of
unit A is marked by a high amplitude reflector at a depth of 0.10 sec below
the sea floor. High resolution acoustic profiles (3.5 kHz) suggests that
deposits of Holocene age are only about 0.05 sec thick, and therefore unit
A or the 24-channel profile may include sediments of both Pleistocene and
Holocene age.

Unit B is a packet of contiuous reflectors that maintains a relatively

constant thickness seaward from the projected position of the well. This
unit appears to lie disconformably on the deformed underlying unit C.
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Conglomerate beds in the well between 2,000 and 2,200 ft (610 and 671 m)
appear to be part of unit B (Fig. 1b). The conglomerates contain Quaternary
shell fragments and a large proportion of the clasts are rhyolitic wvolcanic
rocks that may have been derived from the Tranquillon Volcanics of Dibblee
(1950) . In the well, Wheelerian, Venturian, Repettian, Delmontian and
Mohnian Formainifera imply a middle Miocene to late Pliocene age for this;
however, the probable ages of reflecting units lower in the section
suggest, as do other paleontologic data, that this unit is younger and that
both the Pliocene and Miocene Foraminifera are redeposited, possibly from
the same erosional high that contributed the volcanic detritus to the con-
glomerate.

The upper reflectors in unit C are discontinuous, and on nonmigrated
seismic profiles produce numerous hyperbolic reflectors that suggest the
presence of discrete point-surface features. This boundary presumably
marks the change from the predominantely silty claystone of unit B to
conglomerate and silty sandstone of unit C. The change occurs at a depth
of about 3,040 ft (927 m) in the well (approximately 0.26 sec below the
seafloor in the profile). Reflectors are increasingly persistent downward
in wunit C, possibly as a result of downward fining and the sporadic
occurrence of calcareous beds. The base of unit C is defined by a high
amplitude reflector at a depth approximately 0.75 sec below the seafloor
and 3,700 £t (1,128 m) in the well. At about this depth in the well, there
is an abrupt increase in sonic velocity following an initial high amplitude
positive velocity spike. At this same depth, the lithology log shows a
change from the sand beds to calcareous sandstone and shale beds. In the
profile, the base of unit C rests disconformably on unit D, and the unit
thins westward over an acoustic-basement high by loss of section at its
base. Clasts in the conglomerate include fragments of chert and tuff
probably derived from the Monterey Formation. The presence of abundant
chert fragments is typical of the Careaga Sandstone in the Santa Maria
basin (Woodring and Bramlette, 1950). Thus, unit C may be the offshore
equivalent of the Careaga Sandstone. As with unit B above, there is the
possibility of redeposition in this unit. Onshore, the Careaga Sandstone
is late Pliocene in age; however, possible Delmontian Stage Formainifera
were identified in cuttings between 3,070 and 3,100 £t (936 and 945 m).

The base of unit D is equated with the electric log "Y" marker (Fig.
1b), which is used by some geologists to define a boundary that they
believe separates strata egquivalent to the Foxen Mudstone from the Sisquoc
Formation beneath the Santa Barbara Channel (Frank Webster, oral commun.,
1979). Oon the seismic profile, this boundary is drawn parallel to the
bedding at an acoustic depth of 1.19 sec (equivalent to 4,740 ft (1,445 m)
in the well). Unit D thins westward over the acoustic basement high, and
the reflectors suggest that there is a disconformity within the unit. In
the well, the "Y" marker occurs in a calcareous siltstone section, but the
lithologic log does not indicate a change at this depth. Onshore, the
Foxen Mudstone is assigned a middle(?) to late Pliocene age in the Santa
Maria district (Woodring and Bramlette, 1950), and David Bukry (this
report) identifies Pliocene nannofossils from the upper part of this
interval. As in the overlying units, there is possible redeposition of
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older Foraminifera, for late Mohnian to Delmontian Foraminifera occur
between 3,600 and 4,200 ft (1,097 and 1,280 m) (R. E. Arnal, oral commun.,
1979). .

Unit E, which also thins westward over the acoustic basement high, is
defined at its base by a high amplitude reflector at a depth of 1.63 sec
below the sea floor at the intercept of the projected well section and the
profile. At a depth of 6,700 ft (2,042 m) in the well, the uppermost chert
beds were drilled and the sonic velocity increased. Prominent reflectors
within this unit may represent a sandstone zone that is characterized by a
high impedance contrast in the well (Beyer, this report). Although, the
calcareous shale and siltstone that constitute this wunit contain few
fossils, the stratigraphic position of this unit between the "Y" marker and
first occurrence of chert suggest that is may be partly equivalent to the
Sisquoc Formation, which is assigned a late Miocene to early Pliocene age
in the Santa Maria basin (Woodring and Bramlette, 1950).

Unit F is bounded at the top by the uppermost of several well-defined
seismic reflectors. The unit boundaries are close to those of the chert
sequence at approximately 6,760 and 7,412 ft (2,060 and 2,259 m) in the
well (1.63 and 2.07 sec below the seafloor on the profile). This unit
appears to be confined to the eastern side of the acoustic basement high,
and to onlap its eastern flank. On the basis of its chert content and
bedding character this part of the well section is tentatively correlated
with the chert-rich sequences of the Monterey Shale of middle to late
Miocene age. In the well, the chert sequence contains nondiagnostic fossils
or is barren.

Unit G, at the projected well position, lies below the lowermost well-
defined reflector of unit F and above an east-dipping reflector which, when
extended down dip to the projected well section, intersects it at a depth
of about 9,990 ft (3,018 m) (approximately 1.7 sec below the seafloor of
the profile), where the well sequence changes from predominantly siltstone
to sandstone. Within unit G, poorly defined reflectors do not clearly
indicate bedding or structural relations to the acoustic basement. In the
wall, two foraminiferal stages are represented by Luisian and Relizian
assemblages from sample intervals 8,200 to 9,280 ft (2,449 to 2,829 m) and
9,280 to 9,310 ft (2,829 to 2,838 m) respectively (R. E. Arnal, oral
commun., 1979). The unit also contains sparse, poorly preserved Cretaceous
fossils that probably were redeposited. Sparse nannofossils indicate an
early to middle Miocene age to a depth of 9,820 ft (2,993 m) (Bukry, this
report). The cored interval of pebbly sandstone in the well (9,529 to
9,559 ft [2,904 to 2,914 m]) presumably falls within unit G.

The lowermost beds in the well (below 9,970 ft [3,039 m]) are composed
of sandstone and shale that contain nannofossils of Late Jurassic to Early
Cretaceous age (Bukry, this report). These rocks are not evident on the
acoustic profile, but a suggestion of eastward dips at the projected well
site and to the east seems to warrent the designation of unit H. Eastward
dips also are indicated in the dipmeter survey of the well below 10,100 ft
(3,085 m); above this, in the interval 9,370 to 9,600 ft (2,256 to 2,926 m)
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the dips are northward (Prensky, this report). These rocks probably
thicken northeastward from the well and may be equivalent to the Espada
Formation in the Point Arguello-Tranquillon Mountain area. No reflector
separates these inferred strata from the acoustic basement southwest of the
projected well, but the apparent lack of bedding in this basement high sug-
gests that it may be composed of Franciscan rocks, which have a similar
acoustic signature and are thought to form structural highs in the offshore
Santa Maria basin (Page and others, 1979).

Well OCS-Cal 78-164 No. 1 was drilled in a basin that is bounded on
the west by a north-northwest trending structural high (Hoskins and
Griffiths, 1971). Although not well defined on the acoustic profiles, the
floor of the basin probably is a deformed, pre-~Miocene erosion surface cut
across Franciscan(?) rocks and the Espada Formation(?). The oldest paleon-~
tologically dated Tertiary deposit on the basin floor is early to middle
Miocene; thus, a large part of the thick Upper Cretaceous and Paleogene
section that is preserved in the Santa Barbara Channel region either was
not deposited at the well site or was completely eroded. Removal by
erosion seems most likely because Eocene rocks occur on the Santa Lucia
Bank structural high along the western edge of the offshore Santa Maria
basin, and erosional remnants inferred to be of Eocene age are reported to
lie unconformably below Miocene rocks in the offshore Santa Maria basin
(Hoskins and Griffiths, 1971).

The structural feature that forms the flank of the basin southwest of
the drill site began to obstruct the accumulation of sediments (units F and
G) by early to middle Miocene time. It was not until late Miocene or early
Pliocene time (unit E) that basin sediments overlapped the structural
high. The thinning and upwarping of units E, D, and possible C, indicate
that uplift continued to affect basin sedimentation until late Pliocene
time. Since that time, sediment appears to have passed over the structural
high with only slight deformation. At the well site and to the west, the
profile shows that units are gently folded within the basin and the folding
decreases upward. This geometry suggests that compression persisted
througout the structural development of this young Tertiary basin.

Southwest of the projection of the well, several east-dipping, small
faults displace reflectors on the profile. 1In general, these small faults
appear not to have affected rocks in the upper part of unit C (upper
Pliocene?). A nearly vertical fault directly northeast of the projected
position of the well, however, cuts younger rocks (unit B), and high resol-
ution acoustic-reflection profiles (Fig. 3), suggest that it may break beds
close to the seafloor. The change in acoustic reflectors across this young
fault makes it difficult to match seismic~stratigraphic units, but a high
amplitude reflector at the base of unit B appears to indicate a component
of reverse slip with the ast side up. Young reverse faults are to be
expected in this area, for an east-west compressive component is reflected
by young folding and reverse faulting in the offshore Santa Maria basin
(McCulloch and others, 1977; Page and others, 1979). Gawthrop (1975, Fig.
4) indicates several epicenters in the vicinity of the well (Fig. 1a).
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East of the young reverse fault, folding decreases upward as it does
to the west, but fold amplitudes are generally greater to the east. Move-
ment on the fault may have reduced compressive stress to the west, or the
juxtaposed rocks may have been folded elsewhere and been displaced against
the basin by strike slip. Lateral movement is suggested by the marked dif-
ference in acoustic character of reflectors on opposite sides of the fault,
and packets bounded by high amplitude reflectors do not appear to match.
Therefore, seismic-stratigraphic correlations across the fault are uncer-
tain. Movements on the east side of the fault may have had a vertical
component that displaced the more folded units upward. The basement rocks
probably are increasingly shallow east of the well; free-air gravity data
(Beyer and others, 1974) indicate that the basin edge slopes upward to the
northeast, and Upper Jurassic to Lower Cretaceous rocks are exposed in the
Point Arguello-Tranquillon Mountain area.

In several respects, the fault east of the well is analogous to the
Hosgri fault (Wagner, 1974) that bounds the east margin of the offshore
santa Maria basin. At the well site and to the north, faults within the
basins to the west die off in rocks of Pliocene age (Page and others,
1979). Both the fault east of the well and the Hosgri fault are seismically
active and have young, probably Holocene displacement with a component of
high-angle reverse movement. Both faults 1lie along the eastern side of
young Tertiary basins; basement is known to have been displaced upward
along the east side of the Hosgri fault, and this relation also is possible
along the fault east of the well.

Summary of the Well Section

Details of the composition, physical properties, and ages of the rocks
drilled in OCS-Cal 78-164 No. 1 well are given in succeeding parts of this
report. In general, the well section consists of Cenozoic and late Mesozoic
sedimentary rocks, chiefly siltstone and sandstone (Col. 3, Fig. 1b). By
analogy with outcrop areas, the well section most closely resembles that
exposed in the vicinity of Tranquillon Mountain, where lower Miocene beds
overlap Oligocene, Eocene, and Upper Cretaceous formations onto Lower(?)
Cretaceous strata. :

A paleontologic discontinuity between Miocene and Lower Cretaceous or
Upper Jurassic strata occurs below 9,970 ft (3,039 m). This discontinuity
and a change in amount and direction of dip on the dipmeter survey between
9,650 and 10,100 ft (2,941 and 3,078 m) (Prensky, this report) suggest a
major unconformity at approximately 9,900 ft (3,018 m). Within the Cenozoic
section, gaps in the fossil record after Oligocene time, if present, have
not been recognized because processed samples from much of the drilled
interval 4,000 to 6,000 ft (1,219 to 1,829 m) were barren or contained
nondiagnostic or poorly preserved assemblages. Noteworthy are the absence
in the Miocene section of volcanogenic rocks related to the Tranguillon
Volcanics and strata that are equivalent to the Rincon Claystone. Paleogene
strata also are absent. Unusual coarse clastic rocks in the lowermost part
of the Miocene section in the well are unlike any known to us from the
mainland. These conglomeratic sandstone beds were cored between 9,529 and
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9,549 ft (2,904 and 2,911 m) and contain mineral and lithic -detritus that
suggest either dual source terranes of granitic and ophiolitic(?) rocks or
the recycling of one or both types of clasts from older sedimentary forma-
tions. - Possibly they are related to the Vagueros Formation in the Point
Arguello area. Volcanic clasts in these conglomeratic sandstone beds are
sparse and unlike the Tranquillon Volcanics. In the Pliocene and
Pleistocene sections, however, rhyolitic debris and tuffaceous shale clasts
are common suggesting erosion of both the Tranquillon Volcanics and the
Monterey Shale.

Episodic wuplift and erosion throughout much of late Cenozoic time
disrupted the sedimentary succession in the Point Arguello-Tranquillon
Mountain area and in the vicinity of the well. 1In contrast, the uninter-~
rupted Tertiary section exposed east of Point Conception was deposited in a
relatively inactive tectonic environment.

Although the thickness of the section exposed at San Miguel Island is
comparable to that drilled in the well, the rocks are significantly differ-
ent. On the island, the beds of the Monterey Formation are largely volcan-
ogenic and coarser grained than are strata typical of the formation,
particularly in the 1lower part (Weaver and Doerner, 196%b). Basaltic
volcanic and volcaniclastic rocks constitute more than one-third of the
late Cenozoic section on the island, and Paleocene and Eocene rocks make up
more than one-half of the Tetiary section. The entire 6,000 ft (1,830 m)
of Cretaceous rocks on the island is younger (Turonian to Maestrichtian)
than any of the Upper Jurassic to Lower Cretaceous sections in the well,
and the Paleogene conglomerates on the island contain metavolcanic clasts
unlike any in the well.

In conclusion, it is difficult either to correlate the well directly
with known outcrop sections or to confidently reconstruct its relation to
the regional structural framework. Uncertainties in rock ages and incon-
clusive paleontologic correlations, as well as the lack of conventional
cores that would have aided identification of depositional environments,
hinder such interpretations. The occurrence in the bottom of the well of
Upper Jurassic and Lower Cretaceous strata similar to the Espada Forma-
tion(?) suggests that early in its history the well site was contiguous
with the terrane that underlies the western Santa Ynez Mountains. Uplift
and erosion in early Tertiary time resemble conditions in the southern part
of the offshore Santa Maria basin, where erosional remnants of Eocene rocks
rest on a basement of probable Franciscan Complex and are separated from
early to middle Miocene sedimentary rocks by a major unconformity. WNo com-
parable unconformity is present beneath the western Santa Barbara Channel,
where there is an unbroken succession of early Tertiary marine sediments
{(Curran and others, 1971). This episode of Tertiary deformation formed the
basin at the well site as well as the offshore Santa Maria basin and other
shallow-shelf basins to the north. The late Cenozoic section in the well
reflects the presence of a nearby topographically high and structurally
complex area that shed both lithic and fossil detritus into the basin in
which the well was drilled. Since early Tertiary time, the style of defor-
mation of the basin offshore from Point Arguello seems to have been similar
to that of the offshore Santa Maria basin.
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IMPLICATIONS FOR PETROLEUM APPRAISAL

Thane H. McCulloh
U.S. Geological Survey
Seattle, Washington

SUMMARY

Facts and interpretations developed as a consequence of the Point
Conception O0OCS-Cal 78-~164 No. 1 well provide important corroborative
testimony regarding the petroleum potential of the OCS region extending
from Point Arguello on the north to the southwest edge of the Santa Barbara
Channel. The data and interpretations that suggest a substantial petroleum
potential exists are: (1) The notable hydrocarbon shows that were reported
during the drilling of this off-structure test (Menard, 1978); (2) the high
geothermal gradient inferred from temperatures measured in the well; (3)
organic geochemical analyses of well samples; (4) organic petrographic
analyses of those same samples; (5) lithologic and stratigraphic informa-
tion gained by studying the well samples and geophysical well logs; (6)
consideration of the stratigraphic, lithologic, and geochemical data in
relation to regional stratigraphic and structural patterns. Each of these
topics is developed more fully below and the implications of each for
petroleum occurrence are discussed.

SHOWS OF OIL AND GAS

With the exception of the following quotes- all depths in this paper
represent drilled depths beginning at the derrick floor. Thus, the sea
floor starts at a drilled depth of 1,465 ft (derrick floor 37 ft above sea
level plus water depth of 1,428 ft). "Indications of o0il and gas were
noted in drilling mud and cuttings at various intervals from about 1,850 ft
to 4,000 ft below the ocean floor." "While it is unusual to come up with
shows in a deep stratigraphic test located off-structure, no conclusions
about commercial discoveries in the adjacent proposed sale areas can be
drawn until the areas are leased and direct on-structure exploratory
drilling occurs."” These statements, quoted from a news release issued on
November 1, 1978, over the name of the Director of the U.S. Geological
survey, provide a fair summary of the principal facts and interpretations
of most of the hydrocarbon shows encountered during drilling of this well.
A few details and some discussion are warranted.

The shallowest "show" recorded on the mud log occurred at a depth of
about 2,900 ft. The show was of gas without indications of crude oil or
heavier hydrocarbons and originated from a clayey interval. The shallowest
indication of migratory hydrocarbons heavier than methane occurred at about
3,355 ft. These hydrocarbons consisted of chromatographically analyzed
ethane, propane and butane accompanied by traces of petroliferous sands in
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the drill cuttings. Shows of both gas and more-or-less tarry oil are
abundant to general from 3,410 ft to about 5,850 ft. Minor indications of
tarry oil and heavy paraffin homologs were recorded throughout the deeper
Miocene strata to a depth of about 9,400 ft.

Compositional details about the o0il shows are lacking. ¥No production
tests were conducted and samples were not collected for analysis. Many of
the shows of both gas and o0il were from siltstone, mudstone, or calcareous
shale as determined from induction electric log, the mud-log 1lithologic
notes, and sample lithologies. The hydrocarbons which occur in such fine-
grained strata are either indigenous products or have migrated from deeper
sources. These fine-grained sediments would be regarded by most petroleum
geologists as lacking the permeability to serwve as petroleum reservoirs.

In any event, the shows of o0il and gas that occurred during drilling
of this well attest eloquently to the presence of effective petroleum
source rocks at or near the well site.

SUBSURFACE TEMPERATURES

Release of petroleum from source rocks is primarily a response to
thermochemical changes induced by geothermal heating during burial. An
exceptionally high geothermal gradient, such as that in the Pt. Conception
well (McCulloh and Beyer, this report), enable release of petroleum at
shallow burial depths.

Heat, generated mainly from decay of radiogenic elements in the
earth's crust and mantle, flows continuously outward toward the land
surface or seafloor. The change in temperature with depth, the geothermal
gradient, depends not only on the outward flow of heat, which is variable,
but also on the thermal conductivity of rocks. 1In addition, this gradient
is influenced by 1local thermal disturbances (temporal) or distortions
(areal) imposed at the outer surface, and on heat transfer induced by
physical movement of fluids through porous and permeable rocks. Thus, the
geothermal gradient can be extremely variable from place to place (and
through extended time), and is not predictable in any simple way.

Heating of the sediment and aqueous pore solutions triggers or
facilitates thermochemical reactions among those inorganic and organic
phases that were stable only at low temperatures and fluid pressures.
Particularly susceptible to burial heating are the unstable (Hunt, 1975)
complex organic compounds derived from living organisms.

The temperatures reached and the duration of heating are principal
controlling factors in the generation of petroleum from "sedimentary
organic matter." Because the rates of such reactions increase exponen-
tially with rising temperature, a modest temperature shift results in a
very large shift in the rate of petroleum generation. Thus, even though
the reactions probably begin at a temperature and time reached shortly
after deposition (Erdman, 1975), the ". . . threshold of intense oil
generation . . ." seems to be fairly sharply defined for a particular type
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of source organic matter (Albrecht, 1969, Connan, 1974). This fact has
contributed to the concept of the "liquid-window” in petroleum generation
(Pusey, 1973, p. 195).

Expert opinions about the threshold temperature that must be exceeded
for important oil generation to occur in petroleum source rocks span a sur-
prisingly wide range. This temperature range is about 60°c for geolog-
ically o0l1d rocks and about 150°C for very young rocks (Phillipi, 1965;
Wassojewitsh et al., 1969). In the Pt. Conception well an average temper-
ature gradient of 0.048°% per meter has been calculated (McCulloh and
Beyer, this report). The geothermal gradient normally varies between
0.008°C and 0.40°C per meter on land, but is somewhat higher in deep-sea
sedimenhts (Verhoogen et al., 1970). In accordance with this gradient,
60°C is exceeded at a depth of about 3,715 ft below the sea floor (5,180 ft
-drilled depth), about 1,825 ft deeper than the first show of oil recorded
on the mud log; 150°C would be encountered deeper then the bottom of the
hole.

Cornelius (1975, fig. 1 and pg. 33-35), following others, suggests
that the threshold temperature for the beginning of important oil genera-
tion is higher in geologically very young rocks than in rocks buried for
long periods of time--that time as well as temperature influences the
release of mobile hydrocarbons from source strata. In the Pt. Conception
well, rocks as young as Neogene have temperatures in the range between 100°
and 150°C. These temperatures are suggested by Cornelius as thresholds for
the "oil window." 100°C is exceeded in this well at a drilled depth of
about 7,935 ft (6,470 £t below the sea floor). This temperature is within
a predominantly calcareous fine-grained section of Miocene strata through
which presumably indigenous heavy tarry oil were reported.

No evidence exists to suggest that temperatures in this well have ever
been higher. Similarly, there is only scanty and equivocal evidence to
suggest that the present high geothermal gradient is a late development,
Instead, all available evidence appears to suggest that the Santa Maria
basin, westernmost Santa Ynez Mountains and the western Santa Barbara
Channel are all parts of a region characterized by persistent high geo-
thermal gradients (and possibly by high heat flow). In any case, an excep-
tionally high geothermal gradient is inferred to exist in this well. These
subsurface temperatures exceed most estimates of the threshold temperatures
needed for important generation of petroleum from "oil-prone" source
materials in very young rocks. These thresholds are exceeded within the
Neogene strata and are generally consistent with the interpretation that
the deeper shows of oil are indigenous (rather than migrated).

IMPLICATIONS OF ORGANIC GEOCHEMICAL CHARACTERISTICS

Information available about the organic geochemical characteristics of
the strata penetrated in this well is sparse but adequate. Details regard-
ing the results of organic geochemical analyses of drill cuttings are
reported by Claypool et al (this report). In summary, the Neogene samples
are somewhat above average in total organic content; the organic matter is
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dominantly hydrogen-rich "sapropelic"' kerogen of excellent oil-generating
capabilities. Most of the rocks analyzed are thus classified as potential
source rocks for petroleum. One sample representative of the Mesozoic
section in the. bottom of the well is mature but dominated by gas-prone
"humic" organic matter.

Analytical measures of thermochemical maturity of the cutting samples
are interpreted on balance as indicating that the rocks at 7,090 ft and
deeper are "mature" from an oil generation view point, and that most of the
shallower samples are immature to marginally mature (Claypool et al., this
report). The extractable hydrocarbon compositions of the submature to
mature samples at depths from 5,000 to 10,000 ft show many distinctive
characteristics in common with some crude oils from the Santa Maria basin
onshore to the northeast of the site. Taylor (1976, p. 25) suggests that
organic matter in Miocene strata, of the carbonate~rich type characteristic
of the Monterey Shale, may have " . . . a composition which yields a heavy
oil at an early stage of diagenesis.”

The deepest sample analyzed (10,303 to 10,571 ft) exhibits an atomic
H/C ratio (0.86) indicative of a dominance of hydrogen-~poor "humic" organic
matter rather than greatly advanced thermal maturity. Nearly all of the
shallower samples exhibit multiple organic geochemical properties indica-
tive of organic matter rich in hydrogen and derived in substantial part
from aquatic algae.

One index of the degree to which organic matter of potential source
rocks has moved toward thermal "maturity” 1s the =rend of the organic
"transformation ratio" (Tissot and Welte, 1978, p. 453-454) relative to
depth and temperature. "Transformation ratio" is defined as the ratio of
that part of the total organic content that has alredy (naturally) formed
hyrocarbons to the total (natural plus potential) hydrocarbon yield that a
sample is capable of generating. One measure of the "transformation ratio"
is obtained by quantitative laboratory pyrolysis (Claypool and Reed, 1975;
Espitalie et al., 1977). The amount of hydrocarbons naturally present in a
rock and volatilized at low tempertures are separately measured from the
amount generated by pyrolysis of the solvent~insoluble kerogen at tempera-
tures higher than 250°¢c. The ratio of the first quantity to the sum of
both is a measure of the "transformation ratio." If no hydrocarbons have
migrated out of or into the rock analyzed, the ratio should increase
steadily with increasing depth and temperature. A ratio of 0.1 is
considered indicative of the threshold of important o0il generation (Tissot
and Welte, 1978, fig. V.1.16).

"Transformation ratios" are reported by Claypool et al (this report)
for the eight composite samples analyzed from this well. The ratios are
related in Figqure 1 to the inferred subsurface temperature pertaining to
the midpoint depth for each composite sample. A clear trend from very low
to moderate ratio values is defined by the six deeper sample points, sug-
gestive of the expectable steady increase with rising temperature. The
intercept of the approximate trend with the 0.1 ratio line appears to occur
at a temperture of about 94°%. This temperature is in reasonable accord

30



with both the shows of oil reported on the mud log and some estimates of
the temperature threshold of the "oil window" in young source strata. The
portion of the section colder (shallower) than 94%% (7,520 ft drilled
depth) is presumed to be "immature” to "marginally mature" even for these
unusually oil-prone source rocks.

The transformation ratios of the two shallowest samples are anomalous
and suggest a separate trend. Nonindigenous (migrated) hydrocarbons
probably account for this reversal trend at temperatures less than 60°c.

A transformation ratio of 0.4 is considered to mark the upper 1limit
for important oil generation (Tissot and Welte, 1978, fig. V.1.16). The
highest ratio obtained for the Pt. Conception well (0.25) is far below that
upper limiting value. This suggests that lateral equivalents of the deeper
Neogene section would probably remain capable of generating petroleum at
burial depths many thousands of feet greater than those encountered in this
well.

The organic geochemical characteristics of the cuttings samples
analyzed from this well indicate that source rocks are prsent that contain
total organic contents characterized by excellent oil-generating qualities.
Extractable hydrocarbon contents and geochemical thermal maturity indices
suggest that such source rocks are within the oil maturation zone in the
well at depths of 7,500 ft (94°C) and more, and that those at shallower
depths are immature to marginally mature. Shows of o0il between 3,355 ft
and 5,000 ft (or more) presumably rsult from hydrocarbons that migrated
into their present positions from hotter and deeper sources. This occurred
even though many of the shows were from strata which display well logging
responses implying rocks too impermeable to serve as reservoir beds.

ORGANIC PETROGRAPHIC CHARACTERISTICS AND
THEIR IMPLICATIONS

Measurements of the optical reflectance of vitrinite (and other ident-
ifiable plant fragments) that were concentrated from the eight composite
cuttings samples from this well are reported elsewhere (Bostick, this
report). Although fewer measurements were made than one would wish, these
results are very interesting because they are in part so anomalous. When
interpreted in other than conventional terms, they appear to carry
extremely important implications regarding the petroleum potential of the
source strata.

The microscopically determined optical reflectance of vitrinite has
been widely used by coal petrographers to measure the degree of low-rank
thermal alteration resulting from more~or-less deep burial (Teichmiiller and
Teichmiiller, 1966; Bostick, 1974; Castano and Sparks, 1974). The threshold
for generation of oil in commercially important amounts is indicated by
vitrinite reflectance values of 0.55 to 0.65 percent (Cornelius, 1975, fig.
1; Hood et El" 1975; Dow, 1978, fig. 2). Reflectance values lower than
0.5 percent are generally viewed as indicative of temperatures too low or
thermal exposure times too short for important generation of petroleum
hydrocarbons.
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Viewed in conventional terms, the vitrinite reflectance data reported
from this well are anomalous. If the bottommost sample is excluded
(because it is from Mesozoic strata beneath a major regional unconformity),
the lowest and highest mean reflectance values reported for the Neogene
samples are 0.28 and 0.34 percent. These are from seven composite cuttings
samples representing 8,270 ft of section and span a present temperature
range from 19 to 199°¢. The age of the oldest Neogene rock sampled
probably approaches 17 m.y. Much of the section is older than rocks
elsewhere that show higher reflectance values at greater depths but
equivalent temperatures (Dow, 1978, fig. 15). Although exact details of
the thermal history are not known, the short effective burial time cannot
be sufficiently influential to explain vitrinite reflectance wvalues that
show so little variation over such a depth range. Even where the rocks and
the temperatures indicate that the threshold of the o0il window has been
passed, the mean reflectance of vitrinite does not exceed 0.34 percent.

The vitrinite reflectance values are compared in Figure 2 with like
data from four other selected localities where rapid (and continuing)
deposition of geologically young strata practically guarantees that present
burial depths have not been exceeded. A straight line has been fit by
linear regression analysis to the reflectance and mean depth values for the
samples from the Neogene part of the Pt. Conception well. Analogous trend
lines are shown for each of the other localities. This comparison shows
there is no simple satisfactory standard depth gradient of vitrinite
reflectance. Figure 2 also shows the anomalous nature of the Pt. Conception
data compared with vitrinite in Gulf Coast sediment, and the strong
similarity between this trend and the trends for the Wilmington and Santa
Fe Springs oil fields, California (Bostick et al., 1979). The same sets of
data shown in Figure 2a have been plotted in Figure 2b as vitrinite
reflectance gradients with respect to present burial temperatures, thereby
normalized for differences in geothermal gradients among the five
localities. Although the normalizing procedure changes the relative
positions among the five data sets, the anomalous trend of the data is not
rectified. The explanation for the anomalous trend does not lie in the
present thermal conditions or the burial history of the rocks. The 94°%¢
temperature threshold for important oil generation (Fig. 1) corresponds
with a vitrinite reflectance percentage of 0.32 (uncertainty range of 0.28
to 0.37).

Optical reflectance of vitrinite has been plotted against "transforma-
tion ratio" for all eight analyzed Pt. Conception well samples (Fig. 3).
The deepest (Mesozoic) sample in the well, not unexpectedly, plots apart
from all the other samples. The latter show only slight systematic inter-
dependence between these two organic parameters. A clear trend with respect
to both depth and temperature has already been shown for the "transforma-
tion ratios," a trend that can be rationalized in terms of other indicators
of source-rock maturation, including temperature. From Figure 3, the con-
clusion is self-evident that the vitrinite reflectance values from this
well bear 1little relationship to the depth or temperature at which oil-
prone organic matter has crossed the threshold into the oil maturation
zone.
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The unusual characteristics of the vitrinite from the Pt. Conception
well are not unigque. Anomalously low reflectance of vitrinite occurs in
other geologically young potential source rocks that contain (or have
generated) oil and that are at temperatures high enough to have entered the
"0oil window." Such occurrences prompt advancement of three alternative
explanatory hypotheses. (1) The thermochemical reactions that cause the
elevation of optical reflectance in hydrogen-~poor vitrinite may be rela-
tively ineffective in the presence of immature petroleum released from
intimately associated hydrogen-rich organic matter. (2) Some adsorption or
reaction mechanism may permit immature petroleum (possibly strongly polar
compounds) to suppress, retard, or conceal the changes in vitrinite that
express themselves as elevated optical reflectance. (3) The physical
changes in vitrinite which are manifested as differences in optical
reflectance lag behind the chemical changes in the more reactive portions
of the kerogen responsible for the release of most of the heavier compounds
of petroleum; thus, the unusual nature of much of the organic matter has
rsulted in o0il generation at a temperature and time insufficient for
attainment of vitrinite reflectance levels of 0.5 percent or more.

The author tends to favor hypothesis (1) but is quick to admit that
compelling evidence in favor of one hypothesis or another is lacking. A
fourth hypothesis, that high fluid pressures may have caused "pressure
retardation" of the vitrinite alteration (McTavish, 1978), can be rejected.
The section penetrated is characterized by normally pressured interstitial
fluids (maximum pressure gradient to 10,000 ft is 0.514 psi per foot or
less).

A satisfactory explanation for the occurrence of "immature" vitrinite
in "marginally mature" source rocks of excellent oil-generating capabili-
ties is not yet in hand. The empirical observation of such "anomalous"
differences and similarities in reflectance-temperature gradients from one
geologically similar environment to another invites consideration of the
following possibility.

If the vitrinite in young rocks that have been affected by the
presence of petroleum is different from that in comparable rocks that have
been unaffected (or less affected) by oil-prone source products, then
possibly such effects could be calibrated. Vitrinite reflectance profiles,
normalized for independently assessed burial temperatures or paleotempera-
tures (and possibly for age differences) might then provide measures of the
petroleum-richness of their regional surroundings. High reflectance values
in rocks at some index temperature (such as 100°C or 125°C) would reflect
an oil-poor or sterile environment. Conversely, low reflectance values in
rocks at that index temperature would be indicative of surroundings rich in
petroleum compounds. In such a scheme, the rocks fraom the Pt. Conception
well would rank at the oil-rich extreme of the spectrum, along with rocks
from such other petroliferous sites as East Wilmington oil field in the Los
Angeles basin and Kettleman North Dome oil field in the San Joagquin Valley
of California.
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IMPLICATIONS OF LITHOLOGIC AND
STRATIGRAPHIC DATA

The Pt. Conception well penetrated 3,005 ft of predominantly fine-
grained clastic strata of Neogene age (Holocene to early middle Miocene).
This is underlain by 265 ft of calcareous marine sandstone and pebble con-
glomerate containing nondiagnostic pelecypod shells (questionably early
Miocene). The lower Miocene sediment unconformably overlies 836 ft of
sandy siltstone and mudstone containing marine microfossils of Early
Cretaceous to Late Jurassic in age (Bukry, this report). The only con-
spicuous depositional break or faunal hiatus is the regional unconformity
at the base of the apparently continuous Neogene section.

Porosity of the sandstones and other lithologies is based mainly on
estimations calculadted from geophysical 1logs, questionable measurements
made on a few sidewall cores, and reliable measurements made on one con-
ventional core. Log calculations indicate that the section down to 5,40b
ft is strongly undercompacted (Prensky, this report), with mean porosity
values in the range from 44.4 to 33.8 percent (based on density log
response and an assumed matrix density of 2.65 g/cc). Upper and middle
Miocene strata between 5,400 and 9,450 ft yield calculated density 1log
porosity values in the range from 29.8 to 9.3 percent (the lower values
from predominantly limey siltstone). Measurements of porosity made on
selected samples of sandstone from the conventional core recovered from
between 9,529 and%,549 ft fall in the range between 15.8 and 17.9 percent,
whereas values calculated from the density log through the interval 9,451
to 9,979 £t have a mean value of 10 percent. Burial consolidation,
complicated to some extent by cementation (by diagenetic carbonate and,
locally, minor phyllosilicate minerals), appears to account for the
progressive loss of porosity with increasing depth.

Porosities of the more permeable sandstones are such that commercial
petroleum production could probably result if enough petroleum-charged
sandstone could be found in the region. Sandstones and fractured diagen-
etically altered siliceous rocks are the two lithologies most deserving
attention from a reservoir potential view point.

The predominantly fine-grained and thinly bedded character of most of
the Neogene section in this well is a noteworthy characteristic. Sandstone
beds are few in number. This sandstone is mostly fine- to very fine-
grained, and tends to occur in widely separated thin beds, especially
below about 5,900 ft.

Above 5,900 ft a few thicker sandstone units interrupt this overall
pattern and are associated with several of the most impressive "shows" of
oil. Conglomeratic sandstone grading to silty sandstone and siltstone in
the interval, 3,250 to 3,720 ft is the most impressive of these coarser
units. This interval is mainly early Pleistocene in age, the lowermost
portion possibly being Pliocene (Bukry, this report). The interval may be
stratigraphically correlative with part of the Careaga Sandstone and the
uppermost Foxen Mudstone of the onshore Santa Maria district (Woodring and
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Bramlette, 1950, p. 36-49), long regarded as "Pliocene" in accordance with
provincial standards.

The section below 5,900 ft is dominantly very fine-grained, notably
calcareous, and virtually devoid of thick, coarse-grained sandstone.
Regional patterns of sandstone distribution in rocks of equivalent age to
the east and the north suggest that important amounts of coarse-grained
facies are not likely to occur in most of the equivalent sectin in a large
region surrounding this well. Possibly some local development of coarser-
grained sandstone might occur in equivalent strata many miles to the south
or southeast of the site.

An important exception to the overall tendency for the Neogene
sediment to be fine-grained and without thick coarser clastic strata is the
235-ft thick sequence of conglomeratic sandstone penetrated between 9,450
and 9,735 ft. Although not satisfactorily dated paleontologically, the
writer considers this unit to be a correlative of the Vaqueros Sandstone
and conglomerate of the westernmost Santa Ynez Mountains (VanderHoof, 1956)
where 75 ft of lower Miocene thick-bedded, locally conglomeratic sandstone
has yielded rocks at least 150 million barrels of o0il and large volumes
gas . . . along the Santa Barbara coast," this coarse-grained interval
penetrated (and partially cored) in the Pt. Conception well is of
particular interest. If the correlation of these strata with the Vaqueros
Formation is wvalid, rocks of equivalent facies will probably be present at
the same horizon east and southeast of the Pt. Conception well, but may be
absent or have an erratic distribution toward the north, south, and west.

No Paleogene strata were encountered in this well even though approxi-
mately 5,000 ft of marine clastic beds, predominantly "proximal turbidites"
and "shallow marine" sandstone of Paleocene through Oligocene age, occur in
the westernmost Santa Ynez Mountains between Upper Cretaceous beds below
and lower Miocene Vaqueros Sandtone unconformably above (van de Kamp et
al., 1974). More than 4,300 ft of equivalent strata were penetrated by an
exploratory well at Cuarta Offshore oil field, approximately 10 mi east of
Pt. Conception (and roughly 25 mi east of the Pt. Conception well). There
oil~saturated sandstone occurs "in the Alegria, Gaviota, Sacate, and Cozy
Dell formations . . ."™ (Cordova, 1972, p. 7) of late Eocene and Oligocene
ages.

The disappearance of these extensively developed and locally petro-
liferous clastic units between Pt. Conception and the Pt. Conception test
well probably results from pogst-depositional deformation, uplift, and early
Miocene erosion. Data from seismic reflection profiles north and east of
the Pt. Conception site suggest truncation of a pre-Neogene sequence that
appears to thicken toward the east and northeast. The southwestern trunc-
ated edge of this sequence trends roughly southeast from an offshore point
near Point Arguello. Seismic reflection data south and west of the Pt.
Conception well suggest that the Paleogene sequence does not reappear in
those directions within the area underlain by a thick Meogene cover.

Even though the clastic Paleogene strata were not encountered in this
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well and therefore may not be present beneath much of the area south and
southwest of this well and Point Arguello, they should not be disregarded
in any assessment of the petroleum potential of this area. Because massive
sandstone is abundant in portions of the Paleogene section, such rock could
act as reservoirs. This sandstone could have primary porosity and
permeability or secondary porosity and permeability resulting from
weathering at the erosion surface represented by the overlying angular
unconformity. The most likely possibilities for seeking such traps fall in
the region east and southeast of the Pt. Conception test well.

Little can be said about the implications of this well regarding the
petroleum potential of the Mesozoic sediment because so little of that
section was penetrated. South of the northern San Joagquin Valley,
Cretaceous and older rocks are notably nonproductive where they have been
tested by drilling, even though tantalizing indications of both gas and oil
have been encountered in several places. A low level of source-rock
maturity is indicated for the single sample representing the Mesozoic rocks
in this well (Claypool et al., this report; Bostick, this report). This
suggests that those rocks have not undergone destructive alteration during
deep burial or tectonism in spite of their long history. This implies that
the entire younger Cretaceous section in this area may deserve considera-
tion as retaining some potential for yielding commerical petroleum, partic-
ularly gas, even though some experts believe that Jurassic or Lower
Cretaceous strata constitute "basement” (Feister and Hall, 1977, p. 39).

Primary intergranular porosity’ and associated permeability in
uncemented sandtone provides the natural storage capacity and potential
producibility required for commercial petroleum production from most
California reservoirs, both onshore and offshore. In a few places,
interconnected fractures in diagenetically altered siliceous "shales"
provide the needed storage and fluid transmissibility (Regan and Hughes,
1949; Taylor, 1976, p. 12). Two such places are the Santa Maria basin
onshore (Crawford, 1971) and the Santa Barbara Channel offshore (Curran et
al., 1971, p. 202; U.S. Dept. of Interior, 1975; v. 1, p. II-32; Feister
and Hall, 1977). "Miocene Monterey fractured shale has produced 75 percent
of the oil . . " produced through 1976 from the oil fields of the Santa
Maria basin (Feister and Hall, 1977, p. 39), and much of the proven
reserves in the Santa Ynez Unit of the western Santa Barbara Channel occur
in stratigraphically equivalent fractured siliceous "shale" reservoirs.
The pertinence of these very important occurrences to the findings in the
Pt. Conception well should not be underestimated.

Although the underlying controls responsible for such fracture
porosity in siliceous sedimentary rocks are not known in detail, it is
clear that diagenetically controlled volume changes play a key role. The
progressive change of diatomaceous opal-A to opal-CT and then to quartz in
chert and porcelanite result from increasing tempertures associated with
increasing burial depth (influenced secondarily by time and possibly other
factors) (Mizutani, 1970; Murata et al., 1977). The mineral changes result
in progressive volume contractions. Bulk-volume contractive fracture
formation in relatively pure siliceous rocks can follow. The conversion of
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opal-A to opal-CT is thought to occur over a temperture range from 25 to
56°C. The conversion range for opal-CT to quartz is 43° to 81°%c (Pisciotto,
1979). Thus, fracture porosity develops at depths and temperatures only
slightly shallower than the threshold for intense oil generation suggested
by the organic geochemical data from this well. Some evidence exists that
admixed detritial terrigenous sediment "retards" opal-CT formation (Isaacs,
1979).

Siliceous rocks containing opal-CT are present in this well (Hein. et
al., this report) from about 4,400 ft (nearly 50°C) to about 5,800 ft (more
than 70°C). Siliceous strata are abundant deeper than 5,800 ft, but quartz
is the dominant or only silica species at those levels. Fractured rock
resulting from such mineralogical changes probably occurs within the range
of opal-CT formation as well as at the transition from opal-CT to quartz.
Whether such fractures occur in the Pt. Conception hole is not known at
this time.

Reservoirs that produce o0il from fractured siliceous rocks in
California tend to be associated with anticlinal structures or plunging
anticlinal noses, but purely stratigraphic accumulations can also occur.
The Santa Maria Valley oil field onshore is an almost purely stratigraphic
accumulation in which fracture porosity in the Monterey Shale has created
resevoirs from which an estimated 140 million barrels of oil equivalent
have already been produced (Taylor, 1976, p. 12).

Fracture porosity in purely diagenetic or structural-diagenetic com-
bination traps may prove to be a key element in the discovery of oil in the
region surrounding the Pt. Conception well. Several ingredients suggdest
that a purposeful search for petroleum in fractured siliceous Miocene
strata might yield positive results. These include: high geothermal
gradients, a thick section of richly organic oil-prone source rocks,
formations thousands of feet thick composed in large part of orginally
biogenic opaline silica, a fairly thick cover of superincumbent strata in
portions of the region, and a deformational history that has produced broad
folds and some large faults. Diagenetic traps may be found in the western
part of the Santa Barbara Channel and in an extensive area west and north-
west of the Pt. Conception site.

Questions that have or could be raised (McCulloch et al., 1977, p. 34)
about the difficulties of producing oil from fractured siliceous shale
resevoirs are not the proper subject matter of this report and therefore
will not be addressed in detail. Changing economics (Aguilera and van
Poollen, 1979) and evolving technologies (Demesy and Chardonneau, 1979)
both may convert marginal or submarginal resources of immature, shallow,
viscous and dense asphaltic crude oil into producible reserves. In this
connection, it may not be inappropriate to recall that the discovery of the
Santa Maria Valley field was confirmed as an important find by a well which
had an initial production potential of 2,400 barrels per day of 16.4°
gravity oil flowing from the Monterey Shale at a depth of 2,576 ft (Frame,
1938, p. 37).
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GEOTHERMAL GRADIENTS

T. H. McCulloh1 and L. A. Beyer2

U.S. Geological Survey
Seattle, Washington

2U.S. Geological Survey
Menlo Park, California

INTRODUCTION

In any study of burial diagenetic changes in sedimentary rocks, con-
sideration of temperature and time-~the thermal history--are of the utmost
importance (Klemme, 1975). Elevated subsurface temperatures and prolonged
geothermal heating are generally regarded as controlling influences for the
generation of petroleum from sedimentary organic matter (Erdman, 1975).
Geothermal heating also exerts a controlling influence on the diagenetic
inorganic reactions between pore fluids and thermodynamically unstable
mineral species (for example, Kubler, 1968,; Mizutani, 1970; Hower et al.,
1976; Murata et al., 1977; Pisciotto, 1979); these reactions tend to reduce
intergranular porosity and permeability as burial temperature or(and) time
increase {(Maxwell, 1964). The Pt. Conception well penetrated a thick sec-
tion of geologically youthful strata which accumulated without important
interruption. Thus, information about the present subsurface thermal grad-
ient in this section is the first step toward understanding the thermal
history, and thereby important controls on both organic and inorganic dia-
genetic reactions.

Only disequilibrium temperatures recorded during open-hole logging
operations are available from the Pt. Conception well. These temperatures
were measured by means of maximum-recording thermometers while the borehole
was still recovering from the disturbing thermal effects associated with
drilling and circulation of (cooling) drilling fluid. Thirteen separate
temperatures were recorded in four depth groups at various times between
3.5 hours and 21 hours after cessation of circulation of drilling fluid.
These erroneously low values are shown in Figure 1 (open dots) in relation
to other data and interpretations.

ADJUSTMET OF DISEQUILIBRIUM
TEMPERATURE MEASUREMENTS

A variety of analytical and empirical techniques have been devised to
correct disequilibrium borehole temperatures to approximate equilibrium
values. All of these technigues ultimately depend upon statistical
comparisons betwen disequilibrium measurements and matching trustworthy
data measured carefully in wells where thermal equilibrium has been re-
established (Jaml et al., 1969; Rehle, 1972; Joyner, 1975). A comparative
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Figure 1. Basic data and interpretations pertaining to present subsurface

thermal conditions at well 0OCS-Cal 78=164 No. 1 and comparative Jdata
from adjacent pertinent oil fields. Open circles = unadjusted
temperatures taken from headings of well logs of CCS-Cal 78-164 No.
1. Line A is €fitted by linear regression analysis to unadjusted
temperature data. Line 3 is the adjusted temperature gradient based
on the correction procedure of ths AAPG Geothermal Survey of North
America (Xehle et al., 1970; Kehle, 1972). Line C is the adjusted
temperature gradieant based on the correction proceiure of Tanaka and
Sato (1977). Line D is the adjusted average temperature gradient
based on the procedure developed by the senior author. Publishead
temperature profiles for the Lompoc and Santa Maria Valley oil fields
and the published temperature gradient for the Santa Ynez Unit are

also shown. Solid circles = four estimated temperature-depth values
derived by Hein et al. (this report) fron diagenatic minaral

occurrence and phase data.
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study of the various published correction procedures and the results of
their application show that different approaches yield somewhat divergent
resultse. This is especially true in regions where very high geothermal
gradients prevail. These divergent results have prompted the senior author
to assemble disequilibrium and equilibrium data from many widely different
locations in California, Alaska, and south Texas, and to develop an
empirical scheme for estimating the adjustments to be applied to disequi-
librium data. The results of applying this approach to data from the Pt.
Conception well are shown in Figure 1, together with results obtained by
using two other established techniques described by Kehle (1972) and by
Tanaka and Sato (1977). The procedures followed are briefly discussed
below.

Pairs of depth and temperature values are tabulated from all available
measurements and are then used to define a straight or simple curved line
by means of linear regression analysis. Line A of Figure 1 is such a line
fitted to the O0CS-Cal 78-164 No. 1 disequilibrium temperature values.
Depending upon the adjustment scheme used, a depth-dependent positive cor-
rection or percentage increase in temperture is applied to the line (Fig.
1)

The correction procedure of the AAPG Geothermal Survey of North
America (Kehl et al., 1970; Kehle, 1972) was applied to the Pt. Conception
well data. Line B of Figure 1 represents this correction. These AAPG
correction procedures are based on data from wells in south Louisiana, an
area of low geothermal gradients. The same AAPG procedure, used by the
senior author, yields results that tend to be too cold by 10 to 20 percent
when applied to data from wells in regions of unusually high geothermal
gradients.

Line C of Figure 1 results from application of a correction procedure
based on data from Japanese oil-producing basins (Tanaka and Sato, 1977).
These investigators derived a multiplication factor of 1.31 with which to
correct the thermal gradient defined by (disequilibrium) logging tempera-
tures to the gradient defined by using temperatures measured during bottom
hole pressure tests. This multiplication factor was changed only slightly
from one area to another even though individual temperature gradients
differed substantially from one field to another. Most of their data are
from reservoirs of intermediate depths. Relationships at very shallow
depths (<3,000 ft) and at large depths (>10,000 ft) are under-represented,
It is at shallow and great depths where their procedure appears to yield
deficient results.

Line D of Figure 1 is the average gradient (0.048°¢ per meter) result-
ing from application of the procedure developed by the senior author. This
procedure has much in common with that of Tanaka and Sato (1977). A
proportionality factor (based on empirical relationships) is used to
determine the correction to be added to the linear regresssion line for
depths between the sea floor and the drilled depth of 10,571 ft. Unlike
the singular value of Tanaka and Sato, the proportionality factor is a
variable that is proportional also to the magnitude of the disequilibrium
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gradient. A smaller factor than 1.31 is used for low apparent gradients,
and a somewhat larger factor than 1.31 is used for excessively high
apparent gradients. The average overall gradient for the Pt. Conception
well is determined by using 6°C at the sea floor together with the adjusted
temperature value at the drilled depth of 10,571 ft.

DISCUSSION

The tectonic setting and geothermal conditions of the Pt. Conception
well resemble more closely those of the Niigta basin in Japan than those of
south Louisiana. Therefore, we believe the temperature correction procedure
of Tanaka and Sato is more valid than the AAPG procedure, especially in the
deeper part of the well. Note that the results based on the senior author's
procedure are close to those of Tanaka and Sato (1977) at depths greater
than about 6,000 ft, while better correspondence with the method of Xehle
(1972) is evident at shallower depths.

For comparative purposes, Figure 1 also shows the temperature profiles
from the Lompoc and Santa Maria Valley oil fields in the Santa Maria Basin
(French, 1939), and the temperature gradient in the Santa Ynez Unit in the
western Santa Barbara Basin (U.S. Geological Survey, 1973). In addition,
four estimated temperature-depth values are shown in Figure 1 (solid dots)
derived from diagenetic mineral first occurrences and phase data (Hein
et al., this report). Considerable uncertainty accompanies these four
mineral temperature estimates. They should be viewed only as general indi-
cators of maximum possible temperatures during the thermal history of the
rocks.

Regardless of the temperature correction procedure used, a temperature
gradient of 0.48°C per meter inferred for the Pt. Conception well is high.
Geothermal gradients normally vary between 0.008°¢ and 0.040% per meter on
land (Verhoogen et al., 1970). It is comparable to the temperature gradi-
ents known from the largest oil fields of the Santa Maria Basin and from
the Wilmington oil field in the Los Angeles Basin. Higher temperatures
occur in this well than have been reported at equivalent depths in most of
the Santa Barbara Channel, Ventura Basin, and large portions of the ILos
Angeles and San Joaguin Basins. Temperatures high enough for maturation of
source rocks and generation of petroleum occur within the range of depths
penetrated in the well. There is no evidence that the temperatures now
prevailing in the well were exceeded at any depth in the past. Further-
more, the present exceptionally high thermal gradient is considered to have
been a lengthy duration; there is scant evidence to suggest otherwise.
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LITHOLOGIC DESCRIPTIONS

Hugh McLean
U.S. Geological Survey
Menlo Park. California

The Point Conception OCS-Cal 78-164 No. 1 well penetrated sedimentary
rocks of Quaternary, Pliocene, and Miocene age that unconformably overlie
rocks of Early Cretaceous or Late Jurassic age. Most if not all of the
rocks were deposited in a marine environment. All depths represent drilled
depths beginning at the derrick floor. Thus, the sea floor starts at a
drilled depth of 1,465 ft (37 ft from the derrick floor to sea level plus a
water depth of 1,428 ft). The detailed lithologic log (Table 1) begins at
a sub-derrick floor depth of 2,000 ft and continues to 10,500 ft. Total
drill depth of the well is 10,571 ft.

TECHNIQUES

Washed well cuttings collected at 30-ft intervals from 2,000 to 10,500
ft, 29 sidewall cores, and one conventional core cut from 9,529 to 9,549 ft
were examined visually with a binocular microscope. In addition, 12 grain-
mount thin sections prepared from selected intervals of washed cuttings
were studied petrographically; 14 thin sections cut from the conventional
core were also studied with a petrographic microscope. Detrital modes were
determined for three sandstone samples from the cored interval between
9,529 and 9,549 ft; results are tabulated in Table 2.

Geophysical logs including the dual induction-laterolog (DIL), bore-
hole compensated sonic log (BHC), simultaneous compensated neutron, forma-
tion-density logs (CNL-FDC) and dip meter were used in conjunction with the
drillers mudlog to determine lithologic breaks and major unconformities.

Significant shows of gas occurred between 2,900 and 4,100 ft; and oil
and tar shows occurred between 3,400 and 5,800 ft. Mica was added to the
drilling mud as lost circulation material at 3,300 ft. Washed cuttings
from 3,300 to 3,640 ft consist mainly of the mica additive.

SANDSTONE PETROGRAPHY

Sandstone recovered in the suite of washed cuttings is briefly
described in Table 1. The small number and size of sandstone fragments
observed in grain-mount thin sections precludes detailed petrographic
analysis. For this reason, only the sandstone recovered in core No. 1
(9,529-9,549 ft) is discussed in this chapter.

Detrital modes and QFL ratios for three sandstone samples are listed
in Table 2. The sandstone is texturally well to moderately sorted with
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subrounded to subangular érains either floating in calcite cement, or has a
grain supported framework with silica and chlorite filling pore spaces.
Framework grains consist mostly of polycrystalline and monocrystalline
quartz, plagioclase, and rock fragments including felsic, microlitic, and
vitric volcanics, mica schist, quartz diorite and fragments of greenschist
facies metamorphic rock. Accessory minerals include potassium feldspar,
epidote, chlorite, opaque minerals, mica, and sparry calcite (Hein, et al.,
this report).

Provenance

Quartz types, potassium feldspar and quartz-mica schist appear to
reflect a granitic source terrane, whereas the presence of abundant chert
and altered volcanic rocks such as spilite and keratophyre may reflect
erosion of an ophiolite terrane, similar in part to the section exposed at
Point Sal located about 45 km north of the drill site. No high pressure-
low temperature metamorphic rocks such as glaucophane or lawsonite-bearing
schist were observed.
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TABLE 1.--Lithologic log of OCS-Cal 78-164 No.

1 well

Depth
(in feet) Unit Lithologic Description
At 2,050%* Mudstone.
At 2,145%* Siltstone.
At 2.210¢t Siltstone, carbonaceous; sandstone, silty; pebbles of
chert and epidote hornfels.
At 2,238* Siltstone.
2,240~ 2,270 Sandstone, silty, very fine grained, shell fragments.
2,270- 2,390 Sandstone, silty, very fine grained, shell fragments
2,390~ 2,420 Ssandstone, silty, forams, bone fragments.
2,420- 2,540 Sandstone, silty, forams, bone fragments.
2,540~ 2,600 Siltstone, massive; forams.
2,600~ 2,690 Sandstone, silty, brownish gray, friable.
At 2,669* Mud, soft, brown.
2,690~ 2,840 Siltstone, grayish brown, rounded white tuff pebbles.
At 2,847 Siltstone, semiconsolidated, brown.
2,840~ 2,990 Siltstone, gray, friable; shell fragments.
2,990~ 3,015 Siltstone, grayish brown, massive friable.
At 3,025%* Sandstone, silty, semiconsolidated, brown.
3,015- 3,042 Sandstone, fine grained, friable, calcareous.
At 3,142* Sandstone, silty.
3,142~ 3,220 Siltstone, grayish brown, friable, calcareous.
3,220~ 3,250t Tuff and tuffaceous mudstone with rare forams; micro-
laminated tuffaceous siltstone; pebbly sandstone and
siltstone, poorly sorted.
3,250~ 3,347 Siltstone, brown, interbedded with light gray tuff.
At 3,347 Silty mudstone, soft and friable.
3,347~ 3,415 Siltstone.
At 3,415* Siltstone, brown, dry and friable.
At 3,450* Sandstone, light gray, fine grained, friable.
3,450- 3,640 Siltstone, gray, calcareous.
3,640~ 3,760 Siltstone, brownish gray, calcareous.
3,760~ 3,878 Siltstone, brownish gray, calcareous.
At 3,878* Mud, soft, brown.
3,878~ 3,950 Siltstone, calcareous.
At 3,950* Silty mud, soft, brown.
3,950~ 4,102 Silstone, calcareous.
At 4,102* Mud, dark grayish brown.
4,102~ 4,240 Siltstone.
4,240~ 4,270t Siltstone, brown, contains forams and rare diatoms;
sandstone, very fine grained, quartzose, calcite ce-
ment; sandstone, fine grained. quartz and plagioclase
in tuffaceous matrix; sandy siltstone, reddish brown
matrix.
At 4,250* Ssandstone, silty, grayish brown, friable.
4,270~ 4,350 Siltstone, dark grayish brown.
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TABLE 1.cont.~--Lithologic log of OCS-Cal 78-164 No. 1 well

Depth .
(in feet) Unit lithologic description
At 4,350%* Siltstone, grayish brown with petroleum odor.
4,350~ 4,390 Siltstone.
4,390~ 4,450 Mudstone, partly siliceous.
At 4,450* Siltstone mixed with mudstone, siliceous, brown soft.
4,450- 4,550 Mudstone, siliceous, brown, soft.
At 4,550%* Mudstone, siliceous, brown, weak petroleum odor.
4,550~ 4,650 Mudstone, siliceous.
At 4,650* Mudstone, siliceous, grayish brown, friable.
4,650~ 4,710 Mudstone, siliceous.
4,710~ 4,750 Siltstone, siliceous, grayish brown, friable.
At 4,750* Siltstone, siliceous, grayish brown, firable.
4,750~ 4,850 Siltstone, siliceous, grayish brown, noncalcareous,
weakly friable.
At 4,850%* Mudstone, siliceous, grayish brown, noncalcareous,
weakly friable.
4,850~ 4,950 Mudstone, siliceous, grayish brown, noncalcareous,
weakly friable.
At 4,950* Sandstone, silty, very fine grained, grayish brown,
friable.
4,950~ 5,357 Mudstone, siliceous, grayish brown, friable.
At 5,357* Mudstone, siliceous, grayish brown.
5,357- 5,463 Siltstone, siliceous.
5,463~ 5,680 Mudstone, siliceous; shale, siliceous; minor por-
celanite, thinly laminated; minor dolomite.
5,740- 5,800 Porcelanite, partly thinly laminated; minor dolomite
and chert.
5,880~ 5,830t Mudstone, siliceous, red-brown interbedded with calcar-
eous feldspathic fine grained sandstone; dolomitic and
siliceous porcelanite.
5,830~ 6,310 Porcelanite, partly thinly laminated; minor dolomite
and chert.
6,310- 6,764 Porcelanite, partly dolomitic, partly thinly laminated-
minor dolomite
At 6,764* Mudstone, siliceous. soft and plastic with strong
petroleum odor.
6,764- 6,880 Porcelanite, laminated, partly dolomitic, dark gray:
chert. Slight petroleum odor.
6,880~ 7,060 Porcelanite, partly dolomitic laminated with grayish
brown wary laminations. Has petroleum odor.
7,060~ 7,090% Cuttings include: sandy tuffaceous siltstone, recrys-

tallized chert, dolomitic laminated siliceous mudstone,
and reddish brown argillaceous laminated siliceous
siltstone. ’
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TABLE 1 cont.--Lithologic log of OCS-Cal 78-16% No. 1 well

Depth
(in feet)

Unit lithologic description

7,090~

At

7:351"

7,412~
7,720-

7 4 750'

8,740~

8,770~
At

9,040~

9,450~

9,529~

9 1549"

9,670~

9 1700‘

At

7,351
7,351*

7,412

7,720
7,750t

8,740

8,770%t

9,040*
9,040

9,450

9,530

9,549

9,670
9,700¢
9,735

9,735

Porcelanite, silty, dolomitic, partly laminated shale,
siliceous, dolomitic; chert; dolomite.

Porcelanite, dolomitic grayish brown, has weak petrol-
eum odor.

Porcelanite, silty, dolomitic, partly laminated; silt-
stone, dark gray, slightly sandy with petroleum odor;
dolomite; fragments of light gray chert, and sparry
calcite (probably vein filling).

Siltstone, light gray. calcareous, massive.

Cuttings include: mudstone, silty and calcareous
(limy); sandstone, fine grained, contains quartz

chert, mica, plagioclase and chlorite in clayey matrix;
sandy mudstone, with reddish brown clayey matrix
tuffaceous siltstone with tuff altering to clay and
calcite.

Sandy siltstone, and very fine grained calcareous sand-
stone.

Cuttings include: sandy siltstone, reddish brown, lam-
inated clayey matrix, contains quartz, plagioclase and
forams; sandstone, fine grained, poorly sorted, grains
of quartz, plagioclase, chert, opaques, mica and cal-
cite floating in reddish brown clay matrix; silty lime~
stone.

Sandy siltstone, gray, calcareous.

Siltstone, dark reddish brown with streaks of white
colored mineral. Weak petroleum odor.

Sandy siltstone and rare sandstone, dark gray, fine
grained, with abundant grains of rock fragments.
Sandstone, dark greenish gray, fine grained, calcite
cement. Conglomerate, clasts of green and light brown
chert.

Cored interval of sandstone and pebble conglomerate
{see core description).

Sandstone, greenish gray, fine to medium grained, com-~
posed of rock fragments including well rounded gray and
green chert, calcareous cement.

Cuttings include sandstone as above, silty sandstone,
chert grains, and sparry calcite (probably vein fil-
ling).

Sandstone, greenish gray. fine to medium grained com~
posed of rock fragments including well rounded gray and
green chert, calcareous cement.

Change in lithology.
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TABLE 1 cont.--Lithologic log of OCS~Cal 78-164 No. 1 well

Depth
(in feet)

Unit lithologic description

9,735-10,300

10,300-10,510

10,510-10 540¢

Siltstone, dark gray and dark greenish gray, massive
with calcite cement interbedded with sheared and
polished dark gray mudstone.

Mudstone, dark gray and dark greenish gray, massive
with calcite cement interbedded with sheared and
polished dark gray mudstone.

Sandy siltstone, gray, contains grains of quartz,
plagioclase, chlorite, mica, calcite, and opague
laminae. Zeolite matrix.

* Sidewall core sample
+ Grain-mount thin section.
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Drill Depth
(feet

3,064

3,102

3,199

3,450

4,350

5,054

5,253

5,820

7,150

9,410

9,440

Petrographic Description of Sidewall Core Samples*

Sandstone (arenite), gray, fine grained, well sorted, weakly
compacted, subangular grains of gquartz, plagioclase, calcite,
potassium feldspar, diatoms, epidote, and opaques. Visual
estimate of porosity is 20 to 30 percent.

Pebbly sandstone, gray, fine~grained sandstone matrix; arenite
with rounded pebbles 2mm in diameter, moderately sorted,
weakly compacted (grains in point contact with adjacent
grains), subangular sand-size grains of quartz, plagioclase,
calcite, and white mica. Rock fragments of tuffaceous mud-
stone. A second rock type is fine grained sandstone (wacke)
with a red-brown clay matrix and abundant potassium feldspar.

Sandstone (arenite), very fine grained, well sorted, weakly
compacted subangular grains of quartz, plagioclase, potassium
feldspar, and diatoms; interbedded with very fine-grained sand-
stone (wacke) with red-brown clay matrix

Sandstone (arenite), fine grained, moderately sorted, subanglar
grains of quartz and feldspar floating in tuffaceous matrix.
Patches of tarry oil fills pore space in parts of sandstone
chips.

Claystone, siliceous, brown, silty, laminated, rare diatoms.

Sandstone (arenite), fine grained, well sorted, grains of
quartz and feldspar, weakly compacted, patches of tarry oil
fills pore space; interbedded with siliceous siltstone.

Siltstone, siliceous, brown, tuffaceous.

Sandstone (subwacke), gray, fine grained, well sorted, weakly
compacted, grains of quartz and feldspar floating in tuffaceous
matrix. Matrix locally replaced by patches of calcite.

Porcelanite, dolomitic, brown.

Sandstone (subwacke), fine to medium grained, moderately
sorted, quartz, feldspar and abundant foraminifers (large
chambered forms). Framework tightly cemented by mixture of
calcite and clay minerals. No visible porosity. Contains
small rounded siltstone pebbles.

Sandstone (wacke), brownish gray, fine grained, moderately
sorted, subround to subangular grains of quartz, feldspar,
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chert, calcite, and mica cemented by a mixture of clay
minerals, chlorite and possibly =zeolite. Small patches- of
visible porosity within framework Small fractures may also be
porous.

9,603 Sandstone (subwacke), fine to medium grained, well sorted,
framework grains mainly volcanic rock fragments and chert, rare
quartz and plagioclase. Grains tightly packed; fractures
filled with secondary quartz. Possible fracture porosity.
Cemented by grain contacts and pseudomatrix.

9,721 Sandstone (subwacke), medium grained, well sorted, grains
mainly altered wolcanic rock fragments, quartz, and plagio-
clase. Rock cemented by grain contacts and clayey pseudomatrix
that 1is replaced in part by secondary calcite. Visible
porosity is minimal.

10,310 Sandstone (arenite), grayish brown, fine grained, well sorted,
quartz, plagioclase, altered volcanic rock fragments, mica,
chlorite, and opaque minerals. Rare calcite and diatoms? Sub-
angular grains cemented by grain contacts and pseudomatrix.
Volcanic groundmass glass altering to chlorite. No visible
porosity.

* Thin sections prepared by Mr. K. Bowlis, Denver Research Center, Marathon
0il Company.
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CORE DESCRIPTION

~ ESCI
OCS CAL 78 164 NO. | (PT CONCEPTION COST WELL)

Drill Depth

Scale
2!

i

Pebble conglomerate, dark gray, grain supported, poorly
sorted, well rounded clasts of gray, green and tan chert,
and very fine grained metamorphic rocks 1 - to 3 cm in
diameter. Matrix is pebbly fine-grained lithic sandstone
with calcite cement.

9533

Sandstone, gray, fine grained, moderately sorted, massive
grains of rock fragments and feldspar. Calcite cement;
fractures filled with crystalline calcite.

9534 -

Core broken into several pieces.

9536-V21 "ix’:]

Sandstone, gray, massive, fine grained. Contains pelecypod
fragments and scattered pebbles of well rounded chert and
sandstone 1 - to 2 cm in diameter.

9538 -

Pebble conglomerate, massive, clasts up to 4 cm in diameter
of subangular - to well rounded green and tan chert, and
dark gray fine-grained lithic sandstone.

YOS Sandstone, gray, fine grained, massive, fractures filled
9540-1/2] ZISZ:: with crystalline calcite. Contains rare shell fragments.

Pebble conglomerate, matrix supported clasts of tan and
gray chert and very fine grained metamorphic rocks, and
9543 - dark gray fine-grained sandstone. Pebbles up to 3 cm in
diameter.

Pebble conglomerate, poorly sorted, matrix supported,
massive, well indurated, clasts of fine grained volcanic
rock, chert, and fine-grained sandstone. Matrix composed

§dip=22° ¢ greenish black, fine-grained, weakly calcareous sandstone

9546

Fractures filled with white crystalline calcite.

Sandstone, greenish black, fine grained, massive, well

. sorted lithic arenite with interbeds of black mudstone
dip=10° approximately 2 cm thick. Wavy contacts between sandstone

and mudstone. Fractures filled with calcite and pyrite.

9549
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GEOLOGICAL AND GEOPHYSICAL IMPLICATIONS
OF DENSITY AND SONIC LOGS

Larry A. Beyer
U.S. Geological Survey
Menlo Park, California

INTRODUCTION

This chapter analyzes the gamma-gamma density (FDC) and acoustic
velocity (sonic) logs from OCS-Cal 78-164 No. 1 and discusses the impli-
cations of the density and velocity profiles derived from these logs. The
log analysis procedure, density and velocity profiles, and selected pub-
lished and unpublished data pertinent to the subsequent discussions are
presented in the following section. Subsequent sections briefly discuss
implications of these data for seismic and gravity exploration, lithologic
and stratigraphic analysis, and porosity evaluation of the section pene-
trated by OCS-Cal 78-164 No. 1. All depths are referenced to the Kelly
bushing on the derrick and are taken from the well logs. Thus, the sea
floor is at a log depth of about 1,465 ft.

LOG ANALYSIS AND DATA PRESENTATION

Values of gamma-gamma density and interval transit time (reciprocal of
velocity) were manually averaged over carefully chosen intervals. These
intervals were selected only where, from examination of the caliper log and
other considerations, the logging measurements were judged to be reasonably
reliable. Although this approach is somewhat biased in favor of more com-
petent rocks that did not cave off into the drill-hole, this approach does
minimize the inclusion of erroneous density and interval transit time
values. Biases are believed to be negligible below 5,700 ft and small
between 3,500 and 5,700 ft. Above 3,500 ft utmost caution was used to
choose a few intervals that mostly represent the coarser—-grained rocks.
Notable and possibly important gaps where caving of the drill-hole made
density and{(or) interval transit times unreliable occur from 3,265 to 3,510
ft, 5,730 to 5,800 ft, 7,600 to 7,900 ft, 9,480 to 9,520 ft, and 9,895 to
10,130 ft; porous sandstone is thought to occur within several of these
intervals.

Errors in the gamma-gamma and sonic logs arise from three sources:
Improper bearing of the logging tool pads against the formation due to
drill-hole caving or mudcake build-up; formation damage by drilling fluids
(especially important in clayey rocks in California); and improper calibra-
tion and operation of. the logging device. The rudimentary but effective
approach used here probably minimized errors due to drill-hole caving and
improper calibration and operation of the logging devices. In most cases
the long-spaced sonic log probably was not significantly affected by mud-
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cake build-up or formation damage. Significant errors in the gamma-gamma
density log may have resulted from formation damage to clayey intervals by
drilling fluids and, to a lesser degree, from mudcake build-up especially
at shallower depths. No independent means was available to directly check
the accuracy of the gamma-gamma and sonic logs, because of the absence of
substantive coring, a borehole gravity survey, or a well velocity survey.
Comparisons with published data suggest that (1) the gamma-gamma log may
have systematically underestimated densities of fine-grained rocks over
certain intervals of the well by as much as 0.1 to 0.2 g/cm™ and (2) the
sonic log probably recorded reasonably accurate values over intervals where
the drill-hole wall was relatively smooth.

Averaged interval transit times and densities are shown in Fiqures 1
and 2 together with depth scales referenced to the Kelly bushing (KB) and
sea floor. The vertical columns of information near the left margin of
these figures is discussed in the following section. 1In Figure 1 a veloc-
ity scale in ft/sec is provided across the bottom which corresponds to the
scale of interval transit time across the top. Sonic log fluctuations are
henceforth referred to as vwvelocity variations. In Figure 2 five different
porosity scales are given across the bottom; each corresponds to the bulk
density scale across the top_ for the indicated grain density. Pore fluid
was assumed to be 1.00 g/cm”. With the use of Table 1, these porosity
scales allow Figure 2 to be interpreted as a porosity versus depth illus-
tration after selection of lithologic type. .

In Figure 1 the dashed curve was included for comparative purposes; it
is based on the average of many interview transit times measured at the
tops of Pliocene, Miocene, and Oligocene horizons in a California basin and
on the "typical compaction gradient of a California Tertiary basin" (Lang,
1978). In Figure 2 the envelope indicated by the letter A was taken from
McCulloch (1967). The lower porosity (higher density) boundary of this
envelope is "minimum porosity 1likely to occur in an argillaceous rock
associated with a rock of probable maximum porosity " The higher porosity
(lower density) boundary is "maximum probable porosity for most sedimentary
rocks." Both boundaries are plotted relative to depth below sea floor for
a grain density of 2.67 g/Cm3. Envelope A 1is based on laboratory
measurements of more than 4,000 samples of conventional cores from the Los
Angeles and Ventura basins and from other scattered localities in the
United States, and the P Basin of 1Italy. Envelope B is the author's
extension of envelope A to include diatomaceous mudstone and porcelaneous
shale; it is based on hundreds of bulk-density measurements of conventional
cores from wells located in the southwest part of the San Joaguin Basin,
Envelope B is also shown relative to depth below sea floor Intervals
marked with asterisks in both Figures 1 and 2 were reported to have had gas
or oil shows.

Geophysical Implications
As shown in Figures 1 and 2, there is a general increase in velocity

and density with depth- However, individual portions of the section show
reversals of this trend and an wunusually rapid step-like increase in
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Table 1.—-Typicél grain densities for various 1lithologies of Tertiary
marine sedimentary rocks of California (Beyer, Isaacs, McCulloh,
unpublished data). ’

Grain Density
(g/cm™) Lithologic Types

2.2 -=2.3 siliceous rocks with silica as opal-CT and little
clay or carbonate

2.3 -=2.5 siliceous rocks with silica as opal-CT and some clay
or carbonate. siliceous rocks with opal-CT and some
quartz

2.5 =2.66 siliceous rocks with substantial proportions of

quartz, clay or carbonate relative to opal-CT
2.66 typical "clean" California quartz sandstone; chert

2.66-2.72 lithic and(or) calcareous quartz sandstones; quartz-
ose siliceous shale with carbonate and(or) clay

2.69 typical California marine claystone or clay shale

2.72 limestone
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velocity and density occurs between 5,700 and 5,900 ft. Systematic changes
in velocity and density are shown along the left side of Figures 1 and 2,
together with the seismic-stratigraphic units B through H (McCulloch,
Vedder, and Wagner, this report). In some cases the change in velocity or
density is abrupt and is indicated by —ee——. In other cases the change is
more gradual or fluctuates back and forth before becoming relatively
constant at a higher or lower value (indicated by ==*=7——T). The symbols +
over - indicate a downward decrease, while - over + indicates a downward
increase, in the value of wvelocity or density across these boundaries.
Many other velocity and density changes occur throughout the section but
most of these involve changes of lesser magnitude, very thin intervals, or
are unsystematic.

All relatively abrupt changes in wvelocity and density generate acous-
tic impedance (velocity times density) contrasts which, in turn, are the
sources of reflections when seismic energy is transmitted through the
section. Although the reflection seismogram is a display of the total and
complex interaction of all perceptible reflections, prominent individual
reflections should be correlative with known strong acoustic impedance
changes. For example, the abrupt and large increases in velocity and
density that occur between 5,700 and 5,900 ft and between 6,700 and 6,900
ft generate large acoustic impedance contrasts. These contrasts are
believed to be the sources for the strong seismic reflections observed
midway through unit E and at or near the base of unit E (Fig. 1b of
McCulloch, Vedder and Wagner this report).

Transfer of other stratigraphic horizons from the well section to the
seismic section is possible, though with less assurance in the absence of a
more complete analysis. The lower part of seismic-stratigraphic unit F is
composed of a sequence of thin beds between which there are large differ-
ences in acoustic impedance (diagonal pattern near left side of Fig. 1 and
2). This sequence may be the lowermost part of the section from which
readily apparent and coherent reflections were obtained by McCulloch,
Vedder, and Wagner (this report). The likelihood that acoustic impedance
decreases at the base of unit F or in the upper part of unit G may partly
explain why the deeper section is more acoustically opaque. However, size-
able acoustic impedance contrasts are associated with the sequence of sand-
stone between 9,450 and 9,740 ft and the reported unconformity at about
9,900 ft. Ideally mappable reflections might be obtained from this deeper
part of the section as suggested by McCulloch, Vedder, and Wagner (this
report).

The large density contrasts (0.4 to 0.5 g/cm3) between the shallow and
deep parts of the section in OCS-Cal 78-164 No. 1 is particularly important
for the analysis of offshore gravity maps. Sizeable gravity gradients and
anomalies should be found whenever the younger, lower density rocks are
buttressed or faulted against the older, higher density rocks, or wherever
there is considerable relief on pre-upper Miocene surfaces. For gravity
modeling purposes, seismic sections can be used to estimate the depth to
the large density increase. Density versus depth functions can be assumed
for the shallow section and, after passage through the transition zone, a
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higher constant density can be assigried to the deeper rocks. Another in-
crease in density, probably in the range of about 0.2 to 0.3 g/cm3, should
occur upon passage from the lower part of the section into the underlying
basment rocks.

LITHOLOGIC AND STRATIGRAPHIC IMPLICATIONS

Careful examination of systematic variations of density and velocity
clarify or enhance lithologic and stratigraphic conclusions drawn from
examination of the well logs, ditch cuttings, and well history. Starting
in the upper part of the section and proceeding downward, variations in
density (porosity) and velocity are discussed in terms of lithologic and
stratigraphic significance. Only very tentative conclusions were possible
above 3,500 ft because of the questionable reliability of the gamma-gamma
and sonic logs in that part of the well.

Although reliable density and velocity data in the shallow part of the
gsection are scarce, both wvelocity and density appear to be higher opposite
coarser-grained beds than opposite finer-grained beds down to a depth of
about 3,500 to 3,700 ft. Both density and velocity increase downward
between 3,000 and 3,050 ft through the transition from predominantly silty
claystone above to predominantly silty and conglomeratic sandstone below.
This transition corresponds to the boundary between seismic-stratigraphic
units B and C (McCulloch Vedder, and Wagner, this report). At a depth of
about 3,510 ft, well logs indicate that the coarse-grained rocks of unit C
begin to alternate with fine-grained rocks and, after a sequence of
interbedded coarse- and fine-grained beds, are mostly underlain by fine-
grained rocks at a depth of 3,700 ft. Over this transition from seismic-
stratigraphic unit C to D the interbedded coarse-grained rocks also have
higher densities than do the fine-grained rocks although no such unambigu-
ous relationship seems to hold for velocities over this interval.

Between 3,700 and about 4,390 ft, density and velocity increase grad-
ually (with minor fluctuations) as might be expected under the influence of
normal compaction. Fram about ¢ 390 to 4,710 ft density is slightly
lower. Ditch cutting suggest that this interval is less silty and, for the
first time, biogenic siliceous debris 1is an important fraction of the
rocks. Total organic carbon of ditch cuttings between 4,390 and 4,720 ft
is slightly higher than in cuttings above and below this interval, possibly
also contributing to a slightly lower density (Geochemical Service Report
for OCS-Cal 78-164 No. 1). Hein et al. (this report) first describes opal-
CT in ditch cuttings from 4,570 ft but does not report opal-CT in his next
shallower sample fram 4,150 ft. McLean (this report) describes 'rare
diatoms” in a claystone from a drilled depth of 4,350 ft. Based on these
facts and the onset of lower densities, significant amounts of siliceous
material may occur as high, or higher than, 4,390 ft in the well. Dens-
ities from this interval lie indisputably within envelope B (Fig. 2) which
indicates that these rocks have porosities characteristic of siliceous
mudstone or shale. This stratigraphic interval may be equivalent to the
lowest part of the Foxen Mudstone. The Foxen Mudstone is described in the
Santa Maria Basin by Woodring and Bramlette (1950, p. 37-38) as containing
thin layers of diatomaceous shale and abundant phosphatic pellets, particu-
larly where the formation is thin.
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From about 4,710 to 5,150 ft densities are higher and ditch cuttings
indicate that this ‘interval is slightly more silty than adjacent overlying
and underlying clay-rich rocks. The level of natural gamma radiation is
lower and quieter downward from about 4,710 ft, as shown by the gamma-ray
log. This also can be interpreted as a systematic decrease downward in the
relative abundance of clay. The boundary between seismic-stratigraphic
units D and E is placed at 4.760 ft (McCulloch, Vedder and Wagner, this
report). Velocity increases gradually and fairly uniformly from about
3,700 to 5,170 ft and appears to be generally insensitive to the density
and lithologic changes described over this part of the section.

From about 5,150 to 5,350 ft, densities and velocities are somewhat
lower., Ditch samples indicate that this interval is dominated by siliceous
mudstone and shale with some porcelaneous shale. From 5,350 to 5,710 ft
density and velocity increase, decrease and increase again in a vaguely
systematic fashion. Ditch samples indicate that this interval contains
siliceous shale and mudtone, porcelaneous shale including the first minor
amounts of thinly laminated porcelanite, and minor thin beds of dolomite
and(or) tightly cemented sandstone. Individual excursions of both density
and velocity to higher values between 5,150 and 5,710 ft probably are
caused by interbeds of porcelaneous shale or porcelanite, and by thin
interbeds of dolomite or tightly cemented sandstone where unusually high
density is noted. Between 5,710 and 5,880 ft there is a pronouned increase
in velocity and density; very high velocities and high densities alternate
with somewhat lower values. Drilling rate slows markedly at about 5,770
ft, indicating that the rocks increase in hardness. Ditch cuttings suggest
that sandstone and dolomite beds together with some siliceous units are
present in this interval. Below 5,880 ft densities and velocities are rela-
tively high and never return to the lower values observed above 5,710 ft.

The large increase in density and velocity from 5,710 to 5,880 ft
probably is caused by a combination of lithologic and diagenetic factors.
thinly laminated porcelanite first appears in substantial quantity in ditch
cuttings from 5,740 to 5,770 ft. Slightly darker colored, more clay-rich
siliceous shale and mudstone decrease in abundance from about 5,300 ft
downward until little is observed in cuttings from 5,830 to 5,860 ft. The
first few cuttings of banded chert and a few pieces of dolomitic porcelane-
ous shale appear in ditch samples from 6,010 to 6,130 ft. Individually or
in combination these mineralogic and lithologic changes increase density
and velocitye. The large increase in density and velocity also mean that
porosity sharply decreases. Diagenetic transformation of the silica from
the opal-CT phase to the quartz phase might cause such a decrease in
porosity (Isaacs, 1979).

Another substantial increase in density and velocity occurs between
6,700 and 6,8000 ft in the wvicinity of the boundary between seismic-
stratigraphic units E and F (McCulloch, Vedder, and Wagner, this report).
Chert becomes abundant in ditch cuttings at this depth and the well logs
indicate that the chert probably is interbedded with porcelanite and(or)
siliceous shale. Between 7,250 and 7,412 ft (base of seismic-stratigraphic
unit F), density and velocity fluctuate between high and low values over
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short vertical intervals; the electric and gamma~ray logs behave similarly.
Beds displaying relatively high electrical resistivity, density, and vel-
ocity together with relatively low gamma radiation, may be dolomitic porce-
laneous shale or dolomite, both of which appear in ditch cuttings. Beds
displaying relatively low electrical resistivity, density, and velocity
together with relatively high gamma radiation presumably are more clayey or
organic-rich shales. Oil-stained fracture surfaces on ditch cuttings and
the presence of some fracture-filling sparry calcite among the cuttings
attest to the existence of fractures in this interval. The stratigraphic
interval between 7,250 and 7,412 ft is very distinctive. This interval may
be lithologically equivalent to the carbonate=-rich, fractured shale oil
resrevoir in the lower part of the Monterey Shale in the Lompoc oil field
described by Dolman (1932).

Density and velocity are not especially diagnostic below 7,412 ft,
except to assist in the delineation of distinct rock intervals deeper in
the section. Density and velocity are clearly higher in the sequence of
sandtone between 9,410 and 9,735 ft. Density and velocity are conspicuously
lower in the underlying sequence that extends to about 9 000 ft where the
base of the seismic-stratigraphic unit G is placed. At about 9,900 ft a
major unconformity exists between Miocene and Lower Cretaceous or Upper
Jurassic strata (McCulloch, Vedder, and Wagner, this report). Below 9,900
ft density and velocity increase slightly although caving of the drill-hole
between 9,895 and 10,130 ft precludes information from that interval.

POROSITY IMPLICATIONS

A quantitative study of sandstone porosity in OCS-Cal 78~164 No. 1 was
not undertaken because of the paucity of conventional cores and lack of
indegendent means for evaluating the accuracy of the gamma~gamma and sonic
logs . However, several general inferences about sandstone porosity can be
drawn from comparisons of the velocity and density profiles with the aver-
age transit time curve (dashed line, Fig. 1) and the predicted range of
porosities for rocks from the Los Angeles and Ventura basins (envelope A,
Fig. 2). Values of interval transit time from OCS-Cal 78-164 No. 1
generally cluster along the average transit time curve down to a well depth
of about 5,700 ft (Fig. 1). These values increase much more rapidly
between 5,700 and 7,400 ft, and appear to parallel the average curve but at
higher velocities below 7,400 ft (Fig 1). Values of interval density from
ocs~-Cal 78-164 No. 1 behave in a similar way with respect to envelope A in

1 The porosity and permeability of two conventional and nine sidewall core
samples were determined by Core Laboratories, Inc., and are shown in Table
2. The porosity values for the conventional cores are plotted in Figure
2. Measurements of physical properties of sidewall samples must be viewed
with extreme caution because of possible physical damage caused by mud or
filtrate invasion and percussion (Fertl and others, 1971). For this rea-
son, porosity measurements of sidewall samples were not used in this study.

67



Table 2 . Lithologic descriptions and porosity and permeability measurements
of conventional and sidewall core samples from OCS-CAL 78-164 No. 1 made by

Core Laboratories, Inc.

Lithology

sd; gy, vfgr, vslty, sl calc
sd; gy, vE~fgr, vslty, pbls, sl calc

sd; gy, fn grn, sl calc
sd; gy, vi-fgr, sl calc

" " n " " "

sd; gy, vfgr, sl calc

sd; gy, vigr, sl slty, sl calc
sd; gy, vEgr, vslty, calc

sd; gy, vEf-vcegr, slty, shy, calc
siltstone; gy, vfgr, sdy, calc

Depth
(feet)

9536
9541

3064
3102
3199
3650
5054
10222
10310
10318
10353
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Porosity
(percent)

Permeability

{md)

Conventional Core Samples

17.

15.8
9

0.07
0.23

Sidewall Core Samples

30.5
30.9
34.0
31.3
28.0
22.1
24.3
24.8
22.0

494
685
253
551
345



Figure 2. However, bewteen about 4,400 and 5,700 ft densities lie fimrmly
within envelope B because the rocks are highly siliceous and porous. From
these comparisons, it is clear that the acoustic velocity and porosity (or
density) trends from Lang (1978) and McCulloh (1967) do not adequately
describe the section penetrated by 0OCS-Cal 78-164 No. 1.

Porosities of sandstone units that occur above 5,700 ft fall within
the higher porosity region of envelope A (Fig. 2). The range of porosities
for these upper sandstone units may be predicted from the range of sand-
stone porosities that occur over the same burial depths in the Los Angeles
and Ventura basins. In these latter basins normal marine clastic deposits
have undergone similar burial histories (no unloading). However, if true,
this conclusion may be due to a fortuitous set of circumstances (McCulloh,
pers. commun.). The unusually high geothemmal gradient (McCulloh and
Beyer, this report) may have tended to accelerate porosity-reducing diagen-
esis (Lowry, 1956).

Sandstone porosities in the deeper part of the section appear to be
lower than, or near the end of, the range of porosities predicted by
envelope A Organic matter is less abundant and of a different type in the
deeper part of the section (Claypool et al., this report; McCulloh, this
report) and accelerated porosity-reducing diagenesis due to the high geo-
thermal gradient may not have been inhibited by organic matter.

These hypotheses are admittedly simplistic and ignore the many other
factors that are known to affect porosity (McCulloh, 1967). The Pliocene
and Holocene sections from which Lang (1978) and McCulloh (1967) drew their
conclusions generally are thicker than the Pliocene and Holocene section at
the 0CsS-Cal 78-164 No. 1 well. As a consequence, rocks in the deeper part
of the Point Conception well are older than most rocks at comparable depths
in portions of the Los Angeles and Ventura basins where no uplift and
unloading have taken place. This age difference may, in part, explain the
lower porosities in the Point Conception well. Also, geothermal gradients
in the California areas studied by Lang and McCulloh are presently lower
than, and may never have been as high as, the present geothermal gradient
in 0OCS-Cal 78-164 No. 1 (Lee and Henyey, 1975). Important insights might
result from comparisons with sandstone porosities in the Santa Maria Basin
where the geothermal gradients are similar to that in OCS-Cal 78-164 No.
1. Such data was not available for this study.

The shale section of the Point Conception well could form potential
petroleum reservoirs. This is indicated by the well-documented occurrence
of fractured shale reservoirs in the Santa Maria Basin (Regan, 1953), the
abundance of shale relative to sandstone in 0OCS-Cal 78-164 No 1, and by
reports in the driller's log of o0il and tar on fractured surfaces of ditch
cuttings. The stratigraphic interval from 7,250 to 7,412 ft is most likely
to contain fractured shale zones, based on an examination of the driller's
log, well logs, and ditch cuttings. Although it is not .possible to assess
the extent or magnitude of fracture porosity development between 7,250 and
7 412 ft, the potential for o0il reservoirs in fractured shale in the off-
shore region of OCS-Cal 78-164 No. 1 is substantial.
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WELL LOG CROSS PLOTS

S. E. Prensky
U.S. Geological Survey
Los Angeles, California

INTRODUCTION

A standard suite of electric and geophysical logs (with the exception
of proximity log) was run on the Pt. Conception OCS-Cal 78-164 No. 1 well
by Schlumberger Ltd. for petrophysical analysis and dip determinations. A
lithology log ("mud-log") was made by Exploration Logging Inc. Log
quality was good, except in intervals where washouts of the hole resulted
in unusuable data The major intervals where hole washout occurred are
2,725 to 2,788 ft, 3,250 to 3,510 ft," 9,950 to 10,010 £t, and 10,058 to
10,071 ft measured depth. Several shows of oil appeared on the lithology
log between the intervals 3,400 to 4,100 ft and 5,100 to 5,850 ft measured
depth. All depths listed in this report are measured depths from RKB.
thus, the sea floor is at a drill depth of 1,465 ft (RKB 37 ft above sea
level plus water depth of 1,428 ft).

ROCK CHARACTERISTICS

Preliminary determination of petrophysical characteristics was made
using the digitized magnetic tapes of the Dual-Induction Laterolog,
Compensated Neutron-Formation Density log and the Borehole Compensated
Sonic log. The U.S. Geological Survey's version of Scientific Software
Corporation's general log calculation software package LOGCALC was used.
The well was drilled to a depth of 10,571 ft and calculations were made
from 1,930 to 10,563 ft depths.

Rock characteristics were determined for six major intervals selected
on the basis of dominant lithologic components as shown on the lithology
log. Table 1 summarizes the data for these six intervals (age data is
based on electric log information). In addition to the gross lithologic
intervals representative points were selected for lithology determination
through cross-plot analysis of the data. The MID (matrix identification)
and M-N lithology plots use the following data sonic log interval transit
time (At), density log bulk density (pb) and neutron log porosity on lime-
stone units (¢le) (Burke, Campbell, and Schmidt, 1971). Table 2 summarizes
these data. The point numbers for data in Table 2 correspond to the point
numbers in Figures 1 and 2.

Neutron log and sonic log data for the interval 1,930 to 5,400 ft
(indicated by the data in Tables 1 and 2) reflect the high degree of under-
compaction of the rock. Consequently these values are considered unreli-
able and if plotted on the MID or M-N crossplots would fall in the shale
region.
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Table 1,

Summary of Interval Rock Characteristics (porosities are in
per cent calculated for a sandstone matrix Pm 2.65 gm/cc Otm
55.5 Usec/ft, n represents the number of values used in de-
termining the mean)

At

Depth (feet) Age Lithology Pb n @y n_ Oy n n ¢ n
1,930-3,700 Quaternary ss,sh 1.93 1706 44.4 1772 55.7 1772 173 1727 —1. =-1
3,701-6,760 ss,sh,1s 2.08 3041 34.8 3056 47.5 3056 127 3047 —1 -1
3,655-4,300 Pliocene ss,sh,ls 2.00 645 39.2 646 56.3 645 144 643 —1 ==l
4,301-6,760 1. Plio. ss,sh,ls 2.09 2442 33.8 2456 45.4 2455 123 2447 —1 1

u., Miocene
5,400-7,420 u. Miocene ss,sh,1s 2.16 1345 29.8 1361 40.7 1361 114 1361 35.1 361
6,760-7,420 m. Miocene ss,sh,ls, 2.40 661 15.2 661 23.5 661 82 661 18.0 661
chert
7,421-8,010 m. Miocene sh,ls 2.41 589 14.6 590 27.5 590 88 590 24.0 590
8,011-9,450 m. Miocene limey 2.50 1440 9.3 1440 25.8 1440 81 1439 19,1 1440
siltstone

9,451-10,563 ss,sh 2,45 1103 12.1 1098 31,0 1096 83 1100 22,2 1082

9,451- 9,979 m. Miocene ss,sh 2.48 529 10.0 528 27.9 524 82 524 21,3 523

9,980-10,563 Jurassic- ss,sh 2,41 574 14,1 570 33,8 572 85 574 23,0 559

L. Cret,

1 Dpata from neutron log and sonic
to undercompaction

log considered unreliable due
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Table 2. Summary of Rock Characteristics for Individual Data Points for Cost
78-164 #1 Well (density in gm/cc; sonic log travel time At in Wsec/ft;
neutron porosity in percent).

Point Log oN
No. Run_ Depth Lithologyl Pb Pma At Atma Tss 1s M N
1 1 2,030 Mudstone 2.02 — 181 — 54.3 51.5 0.077 0.477
2 2,204 Siltstone 1.92 - 178 - 57.8 55.2 0.089 0.530
3 2,353 Sandstone 1,78 — 192 —_— 49,7 46.5 -0.032 0.543
4 2,456 Sandstone 1.99 -- 161 - 46.9 43.6 0.225 0.579
5 2,609 Sandstone 2,00 - 165 — 54,5 51.6 0.239 0.482
6 2,763 Siltstone 2,00 — 181 - 50.8 47.7 0.079 0.524
7 1 2,904 Siltstone 1.85 — 166 — 64.1 61.8 0.268 0.441
8 2 3,110 Siltstone 1.97 ~-- 168 —-— 56.3 53.5 0.216 0.480
9 3,240 Tuff 1.92 — 170 -_— 48.9 45.7 0.205 0.592
10 3,587 Siltstone, 1.89 -- 165 - 51.5 48.4 0.273 0.583
calcareous
11 3,639 Siltstone 1.95 — 156 — 57.7 55.0 0.352 0.475
12 3,815 Siltstone, 1.96 -—- 150 -- 57.4 54.7 0.407 0.472
calcareous
13 3,904 Siltstone, 2.33 - 90 — 38.9 35.0 0.746 0.490
calcareous
14 4,060 Siltstone 2.01 — 149 - 59.9 57.4 0.398 0.422
15 4,101 2.20 -- 136 - 58.8 56.2 0.444 0.364
16 4,305 Siltstone 1.95 -— 145 —— 60.5 58.1 0.463 0.440
17 4,550 Siltstone 1.98 - 137 -— 50.0 46.8 0.529 0.544
18 4,700 Siltstone 1.99 — 113 — 51.2 48.1 0.771 0.525
19 4,900 Siltstone 2.0 -- 139 - 51.1 48.0 0.479 0.502
20 5,032 Siltstone 2,02 2,72 138 - 43.9 40.4 0.479 0.585
21 5,190 Siltstone 1.86 -- 143 - 50.1 47.0 0.540 0.619
22 2 5,400 Siltstone 1.94 — 96 -_ 49.4 46.2 0.990 0.571
23 3 5,463 Siltstone 2.29 2.80 90 46.6 35.5 31.4 0.769 0.532
24 5,512 Siltstone 1.93 — 142 —_— 45.2 41.8 0.505 0.627
25 5,735 Siltstone 2.21 -- 127 - 46.4 43.1 0.509 0.471
26 5,801 Mudstone, 2.23 2.71 76 44,5 31.5 27.4 0.917 0.589
calcareous
27 5,822 Mudstone, 1.94 — 87 42.2 41.3 37.6 1.085 0.662
calcareous
28 6,150 Siltstone, 2.24 2.84 123 - 40.5 36.7 0.530 0.511
calcareous
29 6,431 Siltstone, 2.23 2.71 107 — 31.3 27.1 0.673 0.595
calcareous
30 6,600 Siltstone, 2.41 2.81 99 61 30.7 26.5 0.640 0.523
calcareous
31 6,751 Siltstone, 2.23 2.85 108 -- 41.2 37.5 0.657 0.507
calcareous
32 3 6,880 Siltstone 2.43 2.68 86 65.5 16.7 12.4 0.725 0.614
33 6,967 Mudstone 2.42 2,75 80 45,0 25.1 20.8 0.767 0.557
34 7,040 Mudstone 2.43 2.67 81 62.0 15.2 11.0 0.758 0.623
35 7,100 Siltstone 2.41 2.73 83 49.2 23.2 18.9 0.758 0.577
36 7,230 Siltstone 2.42 2.84 92 50.1 32.5 28.3 0.685 0.505
37 7,260 Siltstone 2.44 2,67 115 - 14,9 10.7 0.515 0.622
38 7,330 Siltstone 2.20 2.67 96 56.0 29.9 25.7 0.775 0.621
39 7,370 Siltstone 2.28 2.66 79 50.5 23.2 18.9 0.862 0.634
40 7,414 Siltstone, 2,36 2.81 98 54.6 32.7 28.5 0.668 0.527
calcareous
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Table 2. Summary of Rock Characteristics for Individual Data Points for Cost
78~164 #1 Well--Continued
Point Log ON
No. Run Depth Lithologyl Ob Pma At Atma ss 1s M N
41 7,510 Siltstone, 2.50 2.72 70 50.6 16.9 12.7 0.795 0.581
calcareous
42 7,770 Siltstone, 2,22 2,69 94 54.0 30.4 26.2 0.778 0.607
calcareous
43 7,920 Siltstone, 2.53 2,82 78 47.8 25.4 21.1 0.723 0.513
calcareous
44 8,200 Siltstone, 2,50 2.84 79 46,5 28.8 24.6 0.732 0.504
calcareous
45 8,390 Siltstone, 2.44 2,76 82 51.3 24,5 20.2 0.742 0.553
calcareous
46 8,615 Siltstone, 2.44 2,76 82 52.0 24,5 20.2 0.742 0.553
calcareous
47 8,800 Siltstone, 2.47 2.80 84 50.6 26,7 22.4 0.715 0.529
calcareous
48 9,050 Siltstone 2.48 2.78 75 47.3 24,8 20.5 0.773 0.539
49 9,230 Siltstone 2.52 2,79 74  47.6 22.7 18.4 0.758 0.536
50 3 9,264 Siltstone 2,54 2,82 72 46,3 24,5 20.2 0.761 0.520
51 4 9,405 Siltstone 2,51 2,83 82 49,0 26,9 22.6 0.710 0.511
52 9,480 Sandstone, 2.59 2.75 65 49,1 14,6 10.4 0.779 0.565
calcareous
53 9,505 Sandstone, 2,41 2,68 66 43.7 18.5 14.2 0.870 0.609
calcareous
54 9,724 Sandstone, 2.56 2.81 77 49.1 23.2 18.9 0.719 0.519
calcareous
55 9,923 Siltstone 2.48 2,88 76 43,6 32.9 28.7 0.767 0.482
56 10,100 Siltstone 2.30 2.66 72 47.5 21,5 17.2 0.900 0.636
57 10,190 Siltstone 2.55 2.91 81 45,7 31.4 27.3 0.697 0.468
58 10,279 Siltstone 2.51 2.73 74 52.7 17.4 13.1 0.758 0.574
59 10,348 Mudstone, 2.60 2.63 61 52.0 8.5 4,7 0.803 0.596
calcareous
60 10,497 Mudstone, 2.18 2.67 94 53.5 30.8 26.6 0.805 0.624
calcareous
61 10,535 Siltstone 2.40 2,79 90 52.0 29.6 25.4 0.708 0.535

1 From McLean, this report
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Figure 1. Matrix Identification Plot (Form Copyright by Schlumberger, Ltd.)
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