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Southern California Edison 
P.O. Box 800 

g) Rosemead, California 91770 

Attention: Mr. H. G. Hawkins 

Gentlemen: 

) SUBJECT: SUMMARY REPORT ON BASIC DATA FROM 
TWO ONSHORE AND SIX OFFSHORE GEOLOGIC BORINGS 
SONGS UNITS 2 AND 3 
SAN ONOFRE, CALIFORNIA 

We have completed the drilling operations onshore (north of 
() the Cristianitos fault) and the vibratory core borings to 

sample seafloor sediments offshore SONGS Units 2 and 3.  
These assignments were conducted under the direction of 
Messrs. H. G. Hawkins and J. L. McNey of Southern California 
Edison. This report provides a summary of field operations, 
drilling logs, and the results of age dating analyses. The 

() data on onshore borings and offshore borings are presented 
in Sections 1 and 2, respectively. We hope that this 
summary report of basic data meets the project needs at this 
time.  

If you have any questions, please call at your convenience.  

Very truly yours, 

) John A. Barneich George E. Brogan 
Associate Associate 

JAB:GEB/ea 
Attachments 

Consulting Engineers, Geologists 
and Environmental Scientists 

Offices in Other Principal Cities
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Woodward-Clyde Consultants 

SUMMARY REPORT ON BASIC DATA FROM 

TWO ONSHORE AND SIX OFFSHORE GEOLOGIC BORINGS 

SONGS UNITS 2 AND 3 

SAN ONOFRE, CALIFORNIA 

1.0 ONSHORE BORINGS 

.1.1 Introduction 

Two onshore borings were drilled about 500 ft north of the 

Cristianitos fault at El Camino Real Road. The locations of 

borings are shown on Figure 1. This program was conducted 

under the direction of Southern California Edison. Geologic 

interpretations are being made by Southern California Edison.  

The purpose of this report is to present the logs of borings 

and to provide a brief description of the operations.  

Additional operational details are being kept on file by 

Woodward-Clyde Consultants.  

1.2 Project Organization and Staffing 

The program was conducted under the direction of Messrs. H.  

G. Hawkins and J. L. McNey of Southern California Edison.  

Messrs. J. A. Barneich and 0. S. Ghuman from Woodward-Clyde 

Consultants coordinated and supervised the effort.  

The drilling contractor for the onshore borings was Continen

tal Drilling-U.S. from Madera, California. Mud engineering 

and supplies were obtained from Baroid and the geophysical 

logg. ng was done by Welenco from Bakersfield, California.  

The boring logs were kept by staff geologists.  

1..3 Field Operations 

The onshore borings were drilled using a Longyear 44 drill 

rig with HQ size drill pipe. The borings were advanced using
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* the rotary drilling method to depths at which coring was 

desired. Continuous wire line coring was then attempted 

using a 5 or 10 ft Longyear core barrel. Mud, as engineered 

by Baroid, was used as the circulating fluid. Core diameter 

was 3-1/2-inches.  

Boring B-1 

Boring B-1 was started on 22 May 1980. The boring was 

located about 500 ft north of the projected trace of the 

Cristianitos fault at its intersection with El Camino Real 

Road. After drilling into the San Mateo formation, a 4-inch 

diameter casing was installed to a depth of 58 ft. Attempts 

to obtain cores of the.San Mateo sand were generally unsuc

cessful. It was decided to attempt further coring in the 

siltstone of the Monterey formation. Cores were obtained 

from 480 to 557 ft.  

When the boring had advanced to 557 ft, it was decided to 

advance the casing to improve the drilling rate. During this 

operation about 100 ft of casing dropped into the hole.  

Repeated attempts to recover the casing were unsuccessful, 

and the boring was abandoned for later closure.  

Boring B-2 

Boring B-2 is located about 30 ft south of Boring B-1 along 

El Camino Real Road. It was started on 5 June 1980. The 

boring was advanced rapidly to about 400 ft using a roller 

tricone bit; and 4-inch-diameter casing was installed to 379 

ft. Continuous wireline coring was done from about 483 to 

750 ft. An attempt was made to remove the casing following 

completion of the hole, but only 15 ft of casing was re

trieved.
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Geophysical logs were run in Boring B-2 after drilling was 
completed. The runs included an electrical log giving the 
spontaneous potential and resistivity and a radioactivity log 
providing gamma ray and neutron logs.  

After completion of the drilling and logging operations, the 
mud was weighted and the viscosity increased for closure.  
Both Borings B-1 and B-2 were then capped with a 3-sack 
cement-slurry plug. About 1 cu. yd. of slurry was placed in 
each boring. The logs of the borings are presented in 
Appendix 1-A and the geophysical logs in Appendix 1-B.  

1.4 Summary of Boring Logs 

The following is a summary of the stratigraphy obtained from 
the borings and a preliminary interpretation of the geophy
sical logs: 

0 to 48 ft - Terrace Deposits - Sand. The colors range from 
pale brown (5YR5/2) to yellowish brown (10YR5/4) to red brown 
(10R5/4). The sand is fine to coarse grained, subrounded to 
well rounded, moderately to well sorted, with occasional 
lenses of clay and silt. Gravel and cobbles occur at the 
base of the terrace deposits. The deposit is poorly to 
moderately consolidated.  

48 to 428 ft - San Mateo Formation - Sandstone. The colors 
of the San Mateo formation sandstone in Boring B-1 from a 
depth of 48 ft to about 200 ft are shades of yellowish brown, 
ranging from dusky yellow (5Y6/4) to pale yellowish brown 
(10YR6/2) to dark yellowish brown (10YR4/2). Between depths 
of 200 ft and 432 ft, the colors are shades of olive gray, 
mostly light olive gray (5YR5/2). The San Mateo formation in 
Boring B-2, consists of sandstone having a color of mostly 
light olive gray (5YR5/2). The texture of the San Mateo
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formation consists of medium-to coarse-grained with some 

fine-grained sands. The sand grains are subangular to 

moderately well rounded. The formation is massive to thickly 

bedded, contains occasional pebbles and cobbles, and is 

slightly silty and micaceous locally. The approximate 

minerological composition is: Quartz 85-90%, feldspar 5-7%, 

and other minerals 5%. The basal contact with the Monterey 

formation occurs abruptly where drilling becomes harder.  

428 to 669 ft - Monterey Formation - Siltstone. The forma

tion is generally olive black (5Y2/1) in color, micaceous and 

contains highly fractured, slickensided and contorted areas.  

Bedding dip varies from horizontal to as much as 70 degrees 

and commonly includes thin 1/4-inch bluish gray beds. The 

siltstone is friable to well indurated with occasional sandy 

interbeds. Some sandy interbeds may contain volcanic ash.  

Core samples between depths of 485 ft and 654 ft were exam

ined for microfossils to estimate the age of the cores. The 

results of these analyses are presented in Appendix 1-C.  

Foram inifera samples collected from depths of 485 ft to 495 

ft yield an age of Lower Mohnian (upper Miocene). Foram 

inifera samples collected from 654 ft are from the Luisian 

age (upper Miocene). The base of the Monterey formation from 

658 ft to 669 ft contains abundant blue schist fragments and 

appears to be reworked San Onofre Breccia.  

669 to 749.5 ft - San Onofre Breccia. This formation con

sists of bluish gray sandy breccia (5B5/1), with moderate to 

well cemented clay and silt matrix. The clasts range in size 

from sand particles to 4-inch cobbles; larger clasts mostly 

consist of chlorite and glaucophane schist and smaller 

clasts consist of quartzite and amphibole. The clasts are 

generally angular and are less weathered at increasing 

depths.  

0
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2.0 OFFSHORE BORINGS 

2.1 Introduction 

Vibratory cores were obtained at six selected locations 

offshore from San Onofre, California. The core locations 

are shown on Figure 1. This program was conducted under the 

direction of Southern California Edison. Geologic interpre

tations are being made by Southern California Edison on the 

basis of the results of the vibratory coring work. The 

purpose of this report is to provide a brief description of 

the field operations, to present the vibratory core logs 

and the results of age dating analyses. Additional opera

tional details are being kept on file by Woodward-Clyde 

Consultants.  

2.2 Project Organization and Staffing 

* The program was conducted under the direction of Messrs.  

H G. Hawkins and J. L. McNey of Southern California Edison.  

Messrs. J. A. Barneich, 0. S. Ghuman and K. Bhushan from 

Woodward-Clyde Consultants coordinated and supervised the 

* effort.  

The vessel M/V Calcasieu belonging to Ocean Services, Inc.  

was mobilized in San Pedro for the vibratory coring work.  

* Oceanmasters International Inc. provided the vessel Ocean 

Command as the crew boat. Woodward-Clyde Consultants oper

ated the vibratory coring unit, logged the cores, and pro

vided the navigation.  

2.3 Field Operations 

The sampling unit consists of a seafloor-supported quadruped 

frame with a vibrator - drill pipe assembly. The vibrator is 

* operated by air supplied from a shipboard compressor and is 

mounted on a 40-ft long drill pipe. The drill pipe consists
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of a standard 4-in. pipe with a cutting shoe and a sample 
retainer at the bottom. Samples are recovered in a removable 

3-1/2-in. diameter plastic liner. The unit is also equipped 

for jetting in materials where full 40 ft penetration is not 

achieved in a single run. The water for jetting is supplied 

by a shipboard fire pump. Generally, a maximum of 40 ft of 
core can be recovered using this sampler. However, for the 

last run in boring 2-1 a 7-ft sampler extension was fitted 

and an attempt was made to penetrate as much as 47 ft.  

Electronic navigation was provided using a Motorola Mini

Ranger III positioning system. This is a short range (20 
nautical miles) line-of-sight system. The basic Mini-Ranger 

consists of a range console, receiver-transmitter, and omni

directional antenna installed on the boat. Two or three 

reference transponders are located at surveyed ground points.  

g The measured ranges to the transponders are directly dis
played in meters. The accuracy of the ranges is +3 meters at 

20 nautical miles. The actual accuracy of the system is a 

function of the ranges and the angle of intersection of the 
* two range lines. Conventional trilateration techniques are 

used to reduce the data. For the sampling program, two 

transponder stations were located along the coastline.  

g The boat was maneuvered using reference anchor locations 

that were calculated based on known anchor cable lengths. A 

three-point mooring system was used to maintain position.  

The vibratory coring assembly was carried horizontally 
g suspended alongside the boat from two A-frames. After 

anchoring the boat on location, the bottom end of the corer 
was released so that the coring assembly was suspended ver
tically from the A-frame. The corer was lowered to the sea

* . floor using a 20-ton capacity hoist. The air hoses connected 

to the vibrator were lowered along with the corer. After the
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corer was seated on. the seafloor, the air compressor was 

started to begin the coring. The penetration rate was 

recorded on a strip chart recorder. The air supply to the 

vibrator was stopped when no further penetration occurred.  

The core barrel was pulled out of the seafloor and the coring 

unit was retrieved. The bottom end of the coring unit was 

pulled with an air tugger to bring the unit into a horizontal 

position, and to remove the liner. The liner was cut at the 

point where the core stopped and the length of the core was 

measured and recorded. The recovered core (inside the liner) 

was then cut into convenient lengths (3 to 4 ft); logged by a 

geologist; capped and sealed at both ends; marked and stored.  

g* In all cases, full penetration to the desired depth could not 

be achieved on the first run. For each succeeding run, the 

liner, cutting shoe and sample retainer were reassembled, the 

coring unit was lowered to the seafloor, and the core barrel 

g* was advanced by jetting to a depth close to the bottom of the 

penetration achieved in the preceding run. After jetting to 

the desired depth, the vibratory coring operation was carried 

out as described previously. The number of runs at each site 

g* ranged between 2 and 5 and the maximum penetration achieved 

ranged between 25.5 and 44.1 ft.  

A total of six sites were sampled, five on Line No. 1, and 

* one on Line No. 2. Lines 1 and 2 refer to geophysical lines 

run by Fugro (Line 1) and Woodward-Clyde Consultants (Line 

2). The location of the sites are shown on Figure 1. A 

summary of the vibratory coring operation is given on Table 

gb 1.  

2.4 Summary of Cores 

The six offshore borings, advanced utilizing the vibratory 

g* coring unit, penetrated to depths ranging from 25.5 to 44.1
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* ft. In these intervals the materials encountered were 

mainly sands and silty sands with two of the cores (1-1 and 

.1-3) containing zones of clay and clayey silt.  

g* The sandy sections of the cores were mainly fine grained, 

dark greenish gray in color, and contained variable amounts 

of silt. Cores 1-1, 1-2, 1-4 and 2-1 contained intervals 

of coarser grained sands ranging from fine to coarse grained 

g and having a yellow gray to olive gray color.  

The clayey intervals recovered in the cores were greenish 

black in color, and were found to be from 22.4 to 24.0 ft in 

g) Core 1-1, and from approximately 38.0 ft to the bottom (at 

39.5 ft) in Core 1-3.  

Fossils and other organic debris, such as wood and carbona

) ceous fragments, were also encountered in the cores. All of 

the cores contained random shells and shell fragments, and 

all of the cores, except 2-1, had small horizons that were 

rich enough in organic debris to collect samples for age 

( dating. These organic rich horizons were mainly encountered 

from 0 to 25 ft, with the exception of Core 1-5 which had an 

abundance of organically rich material as deep as 38.5 

ft.  

Detailed logs of the cores are presented in Appendix 2-A.  

Age dates obtained from the analysis of organic materials and 

shells are presented in Appendix 2-B.  

g)
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TABLE 1 

SUMMARY OF VIBRATORY CORING 

PENETRATION BELOW 
SEAFLOOR, FEET RECOVERY, APPROXIMATE 

CORE NO. RUN NO. FROM TO FEET WATER DEPTH, FEET 

1-1 1 0 7.0 6.0 72 

2 5.0 25.5 20.1 72 

1-2 1 0 22.4 22.4 100 

2 21.0 34.8 11.3 100 

3 32.0 39.5 6.5 100 

1-3 1 0 22.4 24.4 125 

2 19.0 24.0 8.0 125 

3 25.0 30.8 9.2 125 

* 4 31.0 39.5 8.5 125 

1-4 1 0 20.0 22.0 165 

2 16.0 23.0 9.0 165 

3 22.0 31.0 4.0 165 

* 4 31.0 39.5 10.0 165 

1-5 1 0 21.5 21.5 200 

2 21.0 32.0 11.0 200 

3 31.0 35.8 5.0 200 

* 4 36.0 39.5 3.0 200 

2-1 1 .0 18.0 20.0 165 

2 19.5 30.0 11.0 165 

3 30.0 34.5 5.5 165 

* 4 35.0 39.3 4.5 165 

5 40.0 44.1 4.0 165 

0I
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Pjc I-No. 412991 Field Log of Boring No. B-1 Sheet 1 of 30 
BORING LOCATION El Camino Real, East Side LATI AND DAU FS 15( /r 0 
DRILLING AGENCY Continental Drilling ORILLER D 2 2/ 8 0 

DRILLING EQUIPMENT Angear 44 COMPLETION DEPTI- 57 , ROCK DEPTH 

SIE N TP O CSNG uNo ID IIIT. I UNDIST. ICORE 
SIEADTP AIG 4 1StnadOF SAMPLESI I________I ___ 

*DWAT ER ;FIRST ICOMPL. 24 HRS.  
D H rill iBwith wireline coring E LEV.  CR BARRLELE EI 

CHECKED BY: COR BARREar H 51 and 10 BITED B 

__r N/H/ /AJ l 0. S. Ghufldf 
7N/A N/AROCK CORE 

T DESCRIPTION D1 57a 

SAND, mHdrerate yellowish brwn e oYR5/4, coarse grained, 
Jwell sorted. SM 

2 

3 
becomes more dense.  

4 0 

5 sane gravel to 1Sdiameter. o 

6- cobbles and gravel 
sand becomes meditin to coarse grained.  

7 

8 no gravel, color change to pale yellowish brown, lOYR6/2.  

9 

01 

grained, sone gravel, 3-4" thick clay. CL 

11 SAND, reddish browJn, 10R5/4, irediuxn to coarse grained, with 

* occasional gravel 1/4-1/2" in diameter, dense. SP 

12 4 

13

14

less dense.  

16 
C 

woodward-Clyde Consultants M 

E1 45(ppo.



Project No. 412991 Field Log of Boring No. B-1 Sheet-2 of 30 
1 .ROCK CORE 

0 

W DESCRIPTION z 0 O 
LLSketch C: U. a 

SAND, pale yellowish brown, lOYR6/2, mediun to coarse 
grained with sae fines. SM 

17 

18

19 

beccmes more dense 
20-- yellcwish brown, 10YR5/4, fine to mediun grained, nmder

ately well rounded, well sorted.  4.3 
21 

22 

23

24

* .L 
25+

26t grades to grayish orange, 10YR7/4.  

27-

28

29-

30-

31

32 less dense 
moderate yellowish brown, 10YR5/4, grades to medium 
grained.  

33---* 

34-

Woodward-Clyde Consuftants AC



rcj66t" No. 412991 Field Log of Boring No. B- Sh t of 3 0 
ROCK CORE 

DESCRIPTION Sec 
LS etch O 

SAND, moderate yellowish brown, lOYR5/4, fine and nediun 
grained, well rounded, well sorted, bright yellow grains 36 comrise about 5%. SP 

37

38 

39 

40-

41-

42 

gravel about 3" in diameter.  
43-

44-

45o 
cobble layer 

) aediun grained, moderate yellowish brown, 10YR5/4, rounded -0 
46 quartz grains corprise 50-70%. TO 

0 0 47

48- SANDSTONE (San Mateo Formation), moderate yellowish brown, 
10YR5/4, coarse grained, well sorted, subangular, dark and 
colored grains 85% quartz. SP 

49 cuttings are darker in color, probably due to ground-up 
1 cobbles, dark gray cobble chips, angular, comprise 30-40%.  

50

51 

52 

53 grades to medium grain size.  

*) 54 

Woodward-Clyde Consultants W7



Prjec No. _ _ _ _ Field Log of Boring No. fl-L Sheet '^ of 'p" 

**-ROCK CORE 

DESCRIPTION Z.Seco 
Sketch 6 0c 

SANDSTONE (San Mateo Formation), 
a eTTcwish orange, lOYRS/6, medium to coarse grained, 

well sorted, quartz 85% sub-rounded, dark gray grains 10% 55 .  
subangular to sub-rounded, others 5% sub-angular. SP 
drilling slow, formation very dense.  

56- grades to medium grained, some angular grains.  

57

58 

59

60

61-- CO 

U 62 

63-

64-

65-.  

66 

67-- very uniform coring.  

68- 

69 

70-

71-

72 

73Cu 

Woodward-Clyde Cosultants g



P ojekti No. 41-2991 Field Log of Boring No. B-1 / Sheet.L of 302.  * ( ROCK CORE 

(Wi DESCRIPTION 
oC 

SANDSTONE, pale yellowish brown, lOYYR6/12, mediumn grained, SSec 

very dense, well sorted, quartz 85% sub-rounded to rounded, 
74 dark gray grains 10% subangular to sub-rounded, others 5%.- --

0 Q) 

75 

76 --

77

78

79 

80-

81

82 

83

84-

85-- 

86 

87 

88 

89.  

90-

91

* 92 

Woodward.ClydR Consultants R



roject No. 412991 Field Log of Boring No. B-i Sheet 6 of 30 
ROCK CORE 

w w DESCRIPTION Z &.0 
L Sketch c o 

cc cc 

SANDSTONE, pale yellcwish brown, 10YR6/2, medium to coarse 
grained, well sorted, quartz 85-90% sub-rounded, dark 

93 minerals 10% subangular. SP 

94 -

g .  

95 

96

* 
97 -- -...  

98 -

99 

100
* 0 

101- 

102 

103-

104-

105 

106-

g 0 

107-

108- grading to coarse grained.  

109 

110
00 

Woodward-Clyde Consultants v'



rojectNo.- Field Log of Boring No. B-1 Sheet--!-of L 
ROCK CORE 

us 
uJW DESCRIPTION S 

SANDSTONE, pale yellowish brown, 10YR6/2, mediu-n grained, 
12 well sorted, dense, quartz 85% sub-rounded to rounded, 

dark gray grains 10% subangular to sub-rounded, others 5% 
sub-rounded to subangular. Some silt present. SP 

113

114

115 

116 

117 

118 

SANDSTONE, grayish orange, 10YR7/4, coarse to medium 
grained, well sorted, massive crumbly, occasional 1/4-1/2" 

119 pebbles, dense, 85% sub-rounded quartz, 15% sub-rounded 
others. SP 

120 

121 

122-

1231 

124 

125 

126 

127

128 

129W 

1130 

Woodwarz. al&,Cnun!



Project No. _ _ _ _ _ Field Log of Boring No. B-1 Sheet of -I-' 

ROCK CORE 

UW DESCRIPTION Sketch 0 C

131

132-0 

133

134 SANDSTONE, silty, moderate yellowish brown, 10YR5/4, 
medium to fine grained, predominately sub-rounded quartz 
grains. SW 

135 

136-

137- 

138-
0 Z 

139-

SANDSTONE, silty, dusky yellow, 5Y6/4, fine grained, 

140- massive, subangular (gritty feel). SW 

141

142

143

1 10 
144- 

145

146 

dusky yellow, 5Y6/4, grades from fine to medium grained, 

147- slightly silty, massive, subangular, predominately quartz.  
SP.  

148

149 t 

Woodward-Cyde Consuftent-! ,



rojec t No. 412991 Field Log of Boring No. B-1 Sheet of 30 
ROCK CORE 

DESCRIPTION Sketch 

150 
gravel layer 2" thick, 1/2-1" diameter, rounded.  
SANDSTONE, dark yellowish brcwn, 10YR4/2, coarse grained, 

151 gravelly, subangular to sub-rounded quartz (60%) and 
feldspar (25%).  

O 0 
152 0 

153"

154 

155-- ----

156-- - 1

157- .- .- . 0.  

158 

159-

160

161

162-

163-

* 0 

164 

165-

166-

167

* 168 

Woodward-Clyde Consuftant-s -



g roject No. 412991 Field Log of Boring No. B-1 Sheet 10 of 30 
ROCK CORE 

u DESCRIPTION S kt 0 
o LL Sketch C O 

SANDSIONE, dusky yellow, 5Y6/4, median to fine grained, 
subangular to sub-rounded quartz (65%) with occasional o 

169 rounded gravel (1/2"-2" diameter). SP .  

of 

170 

j*-j CLAY, sandy layer, light olive brown, 5Y5/6, with rounded 
171 - pebbles.  

172-

173-

174-

175-

Lfl 

176-- ..  

177 

O 

178-

179- 
.  

180-

0 
181

182-

183

184- 

185-

186-

187 

Woodward-CIyde Consultants j



g roject No. 412991 Field Log of Boring No. p-1 Sheet 11 of 
F ROCK.CORE 

F- W0 . .  
w DESCRIPTION Z > a 
w WSketch U 

SANDSTONE (San Mateo Formation), dusky yellow, 5Y6/4, 
medium grained, quartz 95% sub-rounded, others 5% 

188 . sub-rounded, occasional gravel. SP 

189-

190-

191 2 

192

193

194-

195-

196-

197 -N 

* o 

198- gravel 3/4"-1" diameter.  

199-

200 

201

202 

203-

204-

205-

2064 

Woodward-Clyde Consultants gr



Proj ect No. 412991 Field Log of Boring No. -1 Sheet-*of 30 
ROCK CORE 

o .  
DESCRIPTION Sketch c 0 

SANDSTONE, light olive gray, 5Y5/2, fine grained, slightly 
silty, gritty, with occassional (0-5%) very coarse sand 

207 and pebbles, massive, friable. SP 

208

co 

209

210-0 

211-' 

212 

213-

(N n O 214- 

215-

216-

217 Thin hard layer.  

218 0 

) 219 Z 

220

221

222-

223-

224-

[225 

Woodward-Clyde Consultants use



Poject No. 412991 Field Log of Boring No. B-1 Sheet 13 of 30 
:r PROCK CORE 

In DESCRIPTION ; 
0 U Sketch & C 

226
hard layer 
SANDSIONE, medium light gray, N6, medium to fine grained, 

227- silty, very dense, sub-rounded quartz (85%) with snail 
(1 mn) blebs of silt and 2-5% biotite flakes. SW 

228 

0 

229

230 

231

232 

233

234

alternating 6" hard layers with 12-18" softer layers 235 SANDSTONE, dark gray, N3, fine to coarse grained with .  
sandy SILT (40%). SW 

236 

237 

238 

239 

CLAY, sandy, dark gray, N3, fine to medium grained 
240 (scraped from core barrel tip). CL .

241-

242 

243

* 244

Woodward.Clyde c onsultants V.



roject No. 412991 Field Log of Boring No. B-1 Sheet 14 of 30 
X p ~ROCK CYRE 

uJ DESCRIPTION S .0c u.. Sketch Z a: a 

245

246-

247 M 

248- SANDSTONE, light olive gray, 5Y5/2, silty, with trace > 0 248
of clay, fine-grained, sone iron oxide stains. SWm 

249- 

250-

251 

252-

253-

254SANDSTONE (San Mateo Formation), yellowish gray, 5Y7/2, 254 medium grained, sub-rounded to subangular, quartz 95% 
other dark minerals 5%, sub-rounded. SP 

255-

256-

U) 
257- 

258- 

259- 

260

261-

262-

,263tI 
WoodwardClyde Consutats



Project No. 412991 Field Log of Boring No. B Sheet 15 of 30 
ROK C ORE 

DESCRIPTION Sketch 

264 

SANDSTONE, yellowish gray, 5Y7/2, medium grained, sub265- angular to sub-rounded. Quartz 95%, other dark minerals 
5% subangular. SP 

266 

267 

268 

269 

270 

271 

272

273 SANDSTONE (San MateoFormration), dusky yellow, 5Y6/4, very 
dense, poorly sorted, with gravel to 1/4", quartz 85% 
subrounded, feldspars 10% sub-rounded, other 5% angular 

274 to sub-rounded, trace of clay. SW 

275 

276 

277 

278

279 

280 

281 

11C t 
Woodward-Clyde 'or suftants I=



roject No. _4 -1. Field Log of Boring No. -Sheet 16 of 30 
ROCK CORE 

IW 0 
DESCRIPTION S k th LIu Sketch 

283 SANDSTONE (San Mateo Formation), yellowish gray, 5Y7/2, 0" 
mediu-n to fine grained 90% quartz sub-rounded. SP 

284

285 

286.  

287-- SANDSTONE, medium light gray , N61/2, fine grained, 
gravel 1/4" sub-rounded, massive, no bedding 90% quartz 
sub-rounded, feldspars 5% sub-rounded, dark minerals 5% 

288-- subangular to sub-rounded. SW 

289

290 

291- -1 ' 

292 

0f 

293 

294 

* 
295 

296 

297

298 

299

3 00 300- 

301

Woodward. Clyde Consultants rr-0



roj -N Field Log of Boring No. - Sheeti17 of 30 
ROCK CORE 

DESCRIPTION Skto U. Sketch a ) 

SANDSTONE (San Mate Formation), mediun light gray, N61/2, 
fine to medium grained, some 1/4" gravel, gravel sub

302- rounded, massive no bedding 90% quartz sub-rounded, 
feldspars 5% sub-rounded, dark minerals 5% subangular to 
sub-rounded. SP 

303 

304-
0 

305

306

307-

0 
308

309-
I0I 

311- 

312

313 

314 

315 

316 

317 

318 

319-

320.1 

Woodward-Clyd- Cornsultarnts aw



roject No. 412991 Field Log of Boring No., P-1 Sheet 18 of 30 
ROCK CORE 

DESCRIPTION Sketch Z * 

SANDSTONE (San Mateo Formation), light olive gray 5Y5/2, 
fine to medium grained, sane 1/4" diameter gravel, sub

321 rounded, massive no bedding quartz 85% sub-rounded, 
feldspars 10% sub-rounded, others 5% sub-rounded.  
SP 

322 

323 o 

324 

325 

326 

327 

328 
Q) 

329 
a 

330 

331 

332 

333 

334-, 

335 

336 

337 

SANDSTONE, light olive gray, 5Y5/2, fine to medium grained, 
predaninately subangular to sub-rounded quartz, massive L 

338 slightly silty. SP 

WCu339 

Woodward-Clyde Consultants VWr



roject No. 41299I Field Log of Boring No. B-1 Sheet 19 of 30 
ROCK CORE 

uJ DESCRIPTION St > 0 0 u. - Sketch c : 

STST~'ON (San Mateo Formation), light olive gray, 5Y5/2, 

* 340 nmdiu to carse grained, sub-rounded, quartz 80%, feld340 spars 10%, dark minerals 10%. SW 

341

342+ 

00 

343- 
L0 

344 

345-

* 
346-

347 

348 

349

350

351 

00 

352

353

354

355 

0 
356

357 

* 358 f 

Woodward-Clyde Consultants



roject No. 412991 Field Log of Boring No.- . Sheet_20 of2L 
ROCK CORE 

w DESCRIPTION 0 0.O 

* SANDSTNE, light olive gray, 5Y5/2, mediun qrained, sub-
591 rounded, quartz 80%, feldspars 10% dark ininerals 10%.  

SP 

360

361 

3620 

363

364
hard layer encountered only a few inches thick.  

365

366

367

368-

369 

3701 

00 371- a 

372

4 -4 

373.

374-

375-

376-

Woodward Clyde Consutants r 



412991 Field Log of Boring No. B-1 Sheet 21 of 30 
ROCK CORE 

Lu DESCRIPTION Z 
.L Sketch 

SANDSTONE, light olive gray, 5Y5/2, medium to coarse 
grained, sub-rounded, quartz (70%), feldspars (15%) and 

378-- dark minerals (15%), massive. SP 

379

380-

381

0 Z 
382 

383-

384

385

386-

387-

388-

389-

390- 

391 

392 

hard layer 

393

hard layer 
dark minerals make up noticeably greater percentage (20%) 

395 

* 396.  

Woodward-Clyde Consultants or



412991 Field Log of Boring No. B1 Sheeti2Lof3 
ROCK CORE 

DESCRIPTION 2 > 0 
.Sketch 

397-.  

398

399-

400-

401

402

403 

404 

405

406

407 

408 

409
SANDSTONE, light olive gray, 5Y5/2, sub-rounded to suban
gular, mediun grained, quartz (80%), feldspar (10%), and 

410-- dark grains (10%), occasional coarse grains to 1/4". SP 

411-o 
hard layer 

412"

413 

414 

415 

Woodward-Clyde Consultants w



1e N. Field Log of Boring No. Sheet iL o 30 
ROCK CORE 

0.  
DESCRIPTION Z . 0 

Sketch 

416 

In 

417

418 

419 SANDSTONE, mediun gray, N5, medium grained, quartz 75% 
sub-rounded, feldspar 10% sub-rounded, dark minerals 15% 

420 sub-rounded to subangular. SP 

421 

422 

423 

* 
424

425-

426-

427 

428 

429 

Ln * 
430-

431f 

432 

433

L 434 

dAw 
Woodward-Clyde Cosultants age



r.ject No. 41299I Field Log of Boring No. -~ Sheetio f 30 
ROCK CORE 

DESCRIPTION Sketch O0 
oc cc 

435
SANDSIONE, medium gray, N5, median grained, quartz 75% 
sub-rounded, feldspars 10%, dark minerals 15-20% sub

436 angular to sub-rounded.  

437 

438 

439 

440-o 

441

442

443 

444 Harder drilling, color of drilling mud changed to olive 
gray.  

445 SILTSTONE, dark gray, N3, with fine grained micaceous
sand. ML 

446 

447 

448-

449

450-

451
452

452 easier drilling.  

. 453 

Woodward-Clyde Consultants aw



roject No. _42__.Field Log of Boring No. B-1 Sheet2Lof 30 
ROCK CORE 

LU DESCRIPTION z CO u. Sketch U O 

454-
SILTSTONE, olive gray, 5Y4/1, parallel horizontally bedded 
1/2 thick, with very thin lenses of fine grained sand, 

455-- micaceous. No visible joints or fractures, little or 
no weathering, lcw permeability. ML o 

456 

457

458 

4591 

-

460 Light weathering, and lightly jointed generally at 50% 0 

461-

461 

462 

463-

464

465 

466 

467- - .7 

468 

469 

*m 
470- -0 

471

472 Sample yields age of Lower Mohnian (Upper Miocene) 

Woodward-Clyde Consultants ma



roje't No. 412991 Field Log of Boring No. B1 Sheet26 of 3 
ROCK CORE 

W ~0 DESCRIPTION Sketch 
o a: 

473-.  

474-0 

475-

476-

477

78-- SILTS'IONE, grayish olive, 10Y4/2, parallel borizontally 
bedded 1 1/2" thick with very thin lenses of fine grained 
sand, micaceous. Some 3/4-1" gravel sub-rounded, slick

479 ensides, moderately weathered, and fractured, no visible 
joints, low permeability. Forams and fish scales.  

480
o O 

Lfn 

0 

481

482

483 

484 
%.0 en 

485- Sample yields age of Lower Mohnian (Upper Miocene).  
SANDSTONE, olive gray, 5Y4/1, cross bedded, fine grained 
well cemented, very well indurated. Jointed at 300 and 

486 850, moderately fractured. SP 
SILTSTONE, olive black, 5Y2/1, parallel horizontally 
bedded 1/2" to 1 1/2" thick, micaceous with mineral spots 

487 possibly gypsum. ML 

488 

0

489 highly weathered, highly fractured.  

490 

Woodward-Clyde Consultants mw



______________ _ No. Sheet1 'Y of 3 Project No. 412991I Field Log of Boring No. BC1Oheet R 
* ROCK CORE 

W 0 
DESCRIPTION Sketch 0 wU LU 0kI.TZV: 

C r 

SILTS'ONE, olive black, 5Y2/1, parallel bedding ranging 
*h fron horizontal to 350, 1/2" thickwith very thin inter

492
bedding of fine grained sand, has bluish gray 1/4" thick 
beds. ML 

493 

Samples taken at 493.5' and 495' yield age of Lower 
Mtohnian (Upper Miocene). 0 494-U' Highly weathered, moderately fractured, joints vertical to 
450 

4954 
Well indurated, no fracturing, joints at 300, 1/4" bluish 
gray beds are irregularly laid.  

496 

497 SILTSTONE, olive black, 5Y2/1, fissile to moderately frac
tured, fractures generally parallel to bedding but also 
highly angled oblique to bedding, siltstone poorly in

498 durated, irregularly bedded with medium bluish gray 
micaceous clay, bedding horizontal to 30, at 500' beds 
highly contorted suggesting slumping, clay beds 1/16" to 
1/2" thick. Generally in uniform lenticular shape but 
minor oblate pods also. ML r 

500 

5014

502

503 

504 a 

505

506-

507- SILTSTONE, olive black, 5Y2/1, moderately fractured, 
fractures generally parallel to bedding, becoming more 
indurated brittle with lenticular white sand size grains 

508 of a micaceous material, also inclusions to 1/2" diameter 
sub-rounded, tan, fine grained sandstone, interbedded with 

509" irregular spaced lenses of bluish gray micaceous silt
5 stone, bedding dips 15-30, lenses to 1/4" thick. ML 

510W 

Woodward-Clyde Con suitants w



roject No. 412991 Field Log of Boring No. B-1 Sheet 2 of -! 
ROCK CORE 

DESCRIPTION . Sketch 

511

512 SILTSTONE, olive black, 5Y2/1, with irregular spaced lenses 
and irregular shaped pods of bluish gray micaceous silt
stone. ML 

513

00 514

515 

516 -

517 SILTSTONE, olive black, 5Y2/1 with irregular spaced beds 
of bluish gray micaceous siltstone, bedding 10-300, lenses 
1/8"-1/4" thick, at 518.5' many lenses offset 1/8" along 

8 high angle fractures (50-65*). ML 

519 

520 SILTSTONE, interbedded olive black, 5Y2/1, and bluish gray 
micaceous siltstone, highly contorted bedding with minor 
offset of beds, copaction or slumping of soft sediments 

521- causing pinching out and irregular structures within 
bedding. ML 

522% 

523 

524 SILTSTONE, fragments, olive black, 5Y2/1, disoriented 
siltstone fragnnts within matrix of bluish gray micaceous 
silty clay, one siltstone fragment contains imprint of 

525 fossil of unknown affinity. ML 

526 

527 

SILTSTONE, olive black, 5Y1/2, very brittle to moderately -- -

indurated, disoriented, fractures generally parallel to Do 
528 Do bedding, dips horizontal to 20", siltstone more indurated a 

below 529', irregularly spaced bluish gray lenses 1/16-1/8" 0 

529 thick. ML 

Woodward-Clyde Consultants q&y



roject No. '" Field Log of Boring No. B-1 Sheet 29 of 30 

m P IROCK CORE 

wm DESCRIPTION Z > 0 
C1 LL Sketch c O 

C W 

530

531 

532-
SILTSTONE, brownish black, 5YR2/1, bedding generally 
parallel ranging frcn horizontal to 400, fracture parallel 

533 to bedding planes, bedding 1/2-2" thick, sane vertical 
joints visible, bluish gray beds 1/8-1/4" thick, highly 
fractured and weathered at 532-534', more indurated below 4, 

534 534'. ML 

6o 
535 

535 -4 

536

537

Highly fractured zone, siltstone cnxnbles easily, 

538 

Siltstone more indurated.  
539-

540- 0 

541 

542

less indurated fractured, weathered.  
543

544 

545 0 

546-

547

548 Highly fractured 

Woodward-Clyd e Consultants MW



Project No. 412%491Field Log of Boring No. B1 Sheet 30 of 30 
ROCK CORE 

0 w DESCRIPTION z 8 O 
Sketch r 0 

SILTS'ONE, brownish black, 5YR2/1, bedding ranging fron
horizontal to 40' dip, bedding thickness fran 1" to 3", 

549 fracturing generally in direction of bedding, noderately 
indurated, crumbles easily, some bluish gray beds present 
generally 1/8 to 1/4" thick. ML 

550 

551 SILTSIONE, brownish black, 5YR2/1, bedding generally hori
zontal to 35o dip, highly fractured below 551' with 
fractures ranging fron horizontal to near vertical. ML.  

552 

553 

554 

555

parallel bedding, highly weathered.  

556 

Lrn 

557
unable to reenter boring after loss of casing.  
Botton of boring at 557' .  

558 

559

5601 

561 

562

563 

564

565 

566

567 

Woodward-Clyde Consultantsw



Project No. 432991 Field Log of Boring No. B-2 Sheet i of 40 
BORING LOC n Real Sta. 67 + Survey Work ELEVATION AND DATUM El. 145 (approx.) 
DRILLING AGENCY Continental Drilling DRILLE . uChier DATE STARTE%/05/8C D 6/N8/H 
DRILLING EQUIPMENT Longyear 44 COMPLETION DEPT RC:K DEPTH 

SIZE AND TYPE OF CASING NO I SS TM PUNDIST. CORE 
4" Standard OF SAMPLESI WATER ;FIRST 24 HRS.  

DRILLINGKMETHTD 

DRI2 Drill pipC wi wireline cHrin ELEV. I 
CHECKED BY: 

Hector Reyes O. S. Ghuman 
SROCK CORE 

w WDESCRIPTION Sketch C0 

1 SAND, silty, pale brown, 5YR5/2, medium to coarse 
grained, angular to sub-rounded, sand is mainly quartz, 
scre broken rock fragments. SM 

3

4

5T 

7 
9 
8 

10

1011 

12.  

13 
SAND, silty to clayey, pale brown, 5YR5/2, fine to carse 

grained, angular to sub-rounded, poorly sorted, silt and 

14-- clay mixed with some gravel and broken rock fragrents.  
SM-SC 

15 

16 

Woodward-Clyde Consultants w



Project No. Field Log of Boring No. B-2 Sheet o f 4 0 
ROCK CORE 

DESCRIPTION Sketch 0 

SAND, light olive gray, 5YR5/2, medim grained, sub
17 angular to sub-rounded, well sorted, nostly quartz with 

sare rock fragments. SP 

18 

19 
O 

20 

21 

22 

23 

24-

25-

26-

27

28 

29

30

31 

32

0 

33 

34

L35 

WoodwardClyde Consultants W7



Project No. 412991 Field Log of Boring No. B-2 Sheet 3 of A 
ROCK CORE 

mm UJ DESCRIPTION .  
u Sketch c 0 

36 

37

38 

39 

40 

41 

42 

43 

44 

45 

46 

SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, fine to medium grained, sub-rounded, well 

48 sorted, nostly quartz with same rock fragments, poorly 
cemented, formation denser than above. SP 

49 

50

51 

52
SAND, medium grained, gradational change. SW 

53 

1 54 

WeA Woodward- Clyde Consultants qV



oject No.4 Field Log of Boring No. B-2 Sheet of4 
w - ROCK CORE 

DESCRIPTION z O 
a Sketch c 

SANDSTONE (San Mateo Formation), light olive gray, V 
55 5YR5/2, medium grained, sub-rounded, well sorted, nostly 

quartz with san rounded rock fragments. SW 

56 

57- 

58-

59" 

60-

61-

62-

63 

64-

0 
65-

66 

0 
67-

68-

69

70 

71

72-

73 

Woodward Clyde Consultants V



Project No. 'I.L" Field Log of Boring No. B-2 5e 4 Sheet of 

ROCK CO 
CL 0 DESCRIPTION . 0 Sketch a:0 

Cc~ 

74 

75 

76 

77 

* 78 
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5 2, coarse grained, sub-rounded to subangular, well 

79 sorted, poorly cenented, nostly quartz with se rock 
fragments. SW 

* 80 

81 

* 82 

83 

84 

85 
grading to coarse grained.  

86 

87 

88 

89 C 

90 

91 
C 

92 

Woodward- Clyde Consultants '



Project No. 4 12" Field Log of Boring No. B-2 Sheet ofJ 
ROCK CORE 

DESCRIPTION Sketch O ou Sketch o 

SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, medium grained, sub-rounded, quartz 90%, feld
spar 5%, other 5%. SW 

* 95 

96

97-
grades to medium grained.  

98

* 99

100 

101-

102-

103 

104 

105 

106-

107 
grades fine to redium grained.  

108 

109

10-

S 111I 

WoodwardClygIe Consultants ag



roject No. 412991 Field Log of Boring No. -2 heet Of 40 
m R0CTORE 

0- 6 
w W DESCRIPTION S 

C) LL Sketch C Z O 

SANDSITNE, (San Mateo Formation), light oli.ve yray 5YRS/2, 
112- medium grained, sub-rounded. SW .  

113
grades to coarse grained.  

114 

1151 

116
0 
O 

117

118

119-

120

121 START RECDPDING PJNS.  

0 
122 

123 

124 
CN 

125 

126

127 

128 

129

130



Project No. 429:31 Field Log of Boring No. B-2 Sheet of 40 
ROCK CORE 

DESCRIPTION Z . 0 
O LL Sketch c 

131
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, nedium grained, sub-rounded, quartz 90%, feld

132-- spar 5%, others 5%, dense fornation. SP 

133 

134

135-* 
0 

136 

137 

138-

139-

140

141 

142

00 

143

145 

146-.n 

147 

148 

* 14 9



Project No. 412991. Field Log of Boring No. B-2 Sheet 9- of 
ROCK CORE 

DESCRIPTION .  u LL Sketch c u0- O 

1501.  

SANDSTONE (San Mateo Formation), light olive gray, 
151 5YR5/2, medium grained, sub-rounded, quartz 90%, feld

spar 7%, others 3%.- SP 

152

153-

154 

L, 156-

O 

156

U) 
157 

158-

159

160 

161-

grades to fine grained.  

162 

163-

* 0 
164-

165 

166- -

167 

1681 

Woodward-Clyde Consultants W



Project No. 412991 Field Log of Boring No. 2 Sheet llof 
ROCK CORE 

0 
.WDESCRIPTION Sketch .  

169

170
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, nredium grained, sub-rounded. SP 

171 

172 

17 3 

174 

175 

176-

177-

178

179 

18 

181 

182

183 

184 

* I 
185-

186 

187 

WrA Woodward. Clyde Consultants %V -



rojeCt No. 41299T Field Log of Boring No. B-2 Sheet 11 of 4_) 
ROCK CORE 

-w 
w DESCRIPTION .  
O . Sketch o 0 

188
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5; 2, medium to fine grained, sub-rounded, well 

189 sorted, dense, quartz 90%, feldspar 7%, others 3%.  
SP 

190.  

191-

192-

193-

194-

195 -

* L 196

19 7 -

198 

199

200-

201-

202 
0 

2030 

204 

205 

* .206 

WoodwrdClrde contai



Project No. Field Log of Boring No. Sheet-LZ of 40 
ROCK CORE 

w DESCRIPTION Z > a 
O U- Sketch a u* O 

207 

208 
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, medium to fine grained, sub-rounded, well 

209- sorted, quartz 90%, feldspar 7%, others 3%. SP 

210 

211-

212

213

214

215

216

217-.  

218 

* 
219 

20 

0 
221 

222-

223 (N 

224 

225 

Woodward. C de Consultants w



Project No. ' on Field Log of Boring No. 8-2 Sheet 1iof 40 

ROCK CORE 
a. 0 W DESCRIPTION z 

Sketch U 0 

226 

227 
SPNDSTONE (San Mateo Formation), light olive gray, 
5YR5 2, medium to fine grained, sub-rounded, well 

228 sorted, quartz 90%, feldspar 5%, others 5%. SP 

229 

230

231

2321 

233 

2341 

235

** 
ELI 236-

237 

238 

39-

240-

241-

242

243 

* 244f 

Woodward.CIvd Cnnit-mte



* Project No. 412991 Field Log of Boring No. B-2 Sheet 14 of 40 
ROCK CORE 

m DESCRIPTION 0 > a u. Sketch 0 
Scc 

245

246 
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, nostly fine grained with scir medium grained, 

247-- subangular to sub-rounded, well sorted, quartz 90%, 
feldspar 5%, others 5%. SP 

248 

249 

250-

251-

252-

253-- L 

254 

255 

256
<v 

257

258 .  

259 

260 

261 

262 

263



Project No. 1"-2 - Field Log of Boring No. B-2 Sheet 1j of 
0ROCK C ORE 

w DESCRIPTION 0 Sketch c o O 

264
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, nostly fine grained, subangular to sub-rounded, 

265-- well sorted, quartz 90%, feldspar 5%, others 5%. SP 

266-

267-

* 268 

269-

270-

271- 

272-

273-

274 

275-

276- 

277 

278

279

280-

281 

28 2 

Woodward.Civde Consujftntc



roject No. 412991 Field Log of Boring No. B-2 Sheet I of "4 

ROCK CORE 

DESCRIPTION Sketch O 

283 
SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, fine to medium grained, sub-rounded to sub

284 angular, well sorted, quartz 90%, feldspar 5%, others 5%.  
SP 

285-

*286 c 
Cc 

287 

288 

289 

29C 

SI 
291

medium grained with fewer fines.  

292 

293 

294 

295

296- (N 

297-

298 

299

300-

[ 301 

Woodward-Clyde Consultants Wy



roject No. 412991 Field Log of Boring No. B-2 Sheet 17 of 40 
ROCK CORE 

DESCRIPTION Sketch z 

302 
SANDSTONE (San Mateo Formation), light olive gray, 
5YRS/2, fine to medium grained, sub-rounded to sub

303-- angular, well sorted, quartz 90%, feldspar 5%, others 
5%. SP 

304 

0 

305
0 0 

306 

307

308 

309

310.  .I 

311 

312-.

313 

314 

0 

315 Z 

316 

317

31Et 
319-

* 3201 _U__7 

Woodward-C yde Consultants %'



roject No. 412991 Field Log of Boring No. B-2 Sheet L of 
ROCK CORE 

LUI .  

.i Sketch O 0. 1 DESCRIPTION I ketch) 

321 

SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, fine to medium grained, subangular to sub

322 rounded, well sorted, quartz 90%, feldspar 5%, others 5.  
SP 

323 

324 

325-
0 

326

327-

328

329

330

331 

332

333 

334 0 

335

336

337'

338

) 339 
WA Woodward. Clyde ConsultantsA



Project No. " Field Log of Boring No. B-2 Sheet L of 4 
ROCK CORE 

UJo Z DESCRIPTION 2 > O ) Sketch c Z 

340 

SANDSTONE (San Mateo Formation), light olive gray, 
5YR5/2, fine to medium grained, subangular to sub

341 rounded, well sorted, quartz 90%, feldspar 5%, others 
5%. SP 

342-

343-

344

345-

346

347 

348--.  

349-

350-

351-

352-

353-

354-

355

356 

357

*) 358



Project No. 412991 Field Log of Boring No. B-2 Sheet ?L of 
ROCK CORE 

DESCRIPTION Sketch O 

SANDSTONE (San Mateo Formation), light olive gray, 
359 5YR5/2, fine to medium grained, sub-rounded to sub

angular, well sorted, quartz 90%, feldspar 5%, others 
5%. SP 

360-

361-

362-

363

364

365

366 

367

368

369 

370

371-

372

73-

374 

0 
375-

376

377oC 
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Project No. 412991 Field Log of Boring No. B-2 Sheet !of 
ROCKCORE 

a DESCRIPTION S z 
W Sketch 

378 SANDSTONE (San Mateo Formation), light olive gray, 
S YRS -2, coarse to medium grained, sub-rounded, well 
sorted, quartz 90%, feldspar 5%, others 5%, trace of 1/4" 

379- gravel. SP 

380 

381-

382 

383 

384 

z 
385 

386

387 

388-

389 SANDSTONE, light olive gray, 5YR5/2, Coarse grained, 
sub-rou~nded, with sorre 1/4" diameter gravel. SW 

390

390-

II 

391 

392

393-C 

* 
394 

95-

* 396 
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.n DESCRIPTION > > 

S.u Sketch c 0 O 

SANDSTONE, (San Mateo Formation), light olive gray, 
5YR5/2, coarse to medium grained, wll sorted, subrounded, 

397 quartz 90%, feldspars 5%, others 5%, trace 1/4" gravel.  
SP 

398 

399 

400 

401 

402 

403-

40.4-
Color change to tradium light gray, N5, medium grained.  

405 

406t- 0 

07 

408-

409

410

411 

412 

413 
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ROCK CORE 

W DESCRIPTION Sketch 

16 

417 SANDSTONE (San Mateo Formation), light olive gray, 
5YR4/1, rrediurn grained, sub-rounded, well sorted, quartz 
85%, feldspar 5%, others 10%. SP 

418 

419 

420 

421 

422-

423 

24 

425 

-0 

426 

427-

428

429

430-

SILTSTONE (Monterey ForTation), medium dark -gray,N4, 
431- highly micaceous. ML 

432-

433-

WdC434n 
&FA 
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......... ROC 'CORE 

C 

U DESCRIPTION S 
Sketch ~C u 0 

cc 

SILTSTONE (Monterey Formation), rrediun dark gray, N4, 
435- very micaceous. M..  

436

437

438 

439-

440-

441- 

42

443 

444- 

445 

446 

447-

448

449-

450-

451 

-Ln 

52

453..  
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ROCKCORE 

m DESCRIPTION z . 0 
Sketch c 

40 
454

SILTSTCE (Monterey Formation), medium dark gray, N4, 
abundant mica, sane fine sand, possible chert lense or 
concretion fran 456' to 457'. ML 

456

L n 

457 

458

459 

SANDSTCr, olive gray, 5YR3/2, fine to coarse grained 
(mostly redium grained), with a small anunt of rounded 

460-4 -0 Lebbles and broken gravel, sand is subangular to sub
rounded, poorly to noderately sorted (high percentage 
of silt), quartz 80%, feldspar 5%, others 15%. Note: 

461 Sore of the above material may be the solids the driller 
is trying to wash out fran the inside of the rod.  

462 

463-

4641* 1 
465-

466-

467-

468- sand beconies darker in color and fine grained below 
468'. Also silt cuntent increases.  

469 

470-
SILTSTONE, dark olive gray, 5YR2/1, very micaceous, 

471 - slightly sandy.  

472 
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ROCK CORE 

0
DESCRIPTION 0 O 

W u. Sketch c 

* SILTS'IONE (Monterey Fonration), dark olive gray, 5YR2/1, 
473- high mica content, sane very fine sand. ML 

474-

475-

476-O 

477-

478

479 

480 

481

482 -
Began coring at 482.8' (slight caving in hole at start of 

* run #49).  
483 

484 

485

SANDSTONE, light olive gray, 5YR6/1, fine grained, very 
486-- well indurated, bedding at 250, 1/16" to 1/8" thick. .  

SILTSTONE, olive black,. 5YR2/1, parallel bedding 150, 
487-- 1" to 4" thick, interbedded with very fine grained 

sand, highly micaceous, little to no weathering,. highly 
fractured zone, slickensides in some fragments. ML 

488 

2C.0 

489-

Unfractured siltstone.  
490

491
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ROCK CORE 

6 I 
ww DESCRIPTION Sketch Z O 

492 SILTS'IONE (Monterey Formation), olive black, 5YR2/1, 
parallel bedding dipping 150 to 230, 1" to 2" thick with 
nany interbeds of bluish gray micaceous siltstone 1/16" Lf 
to 1/4" thick parallel to bedding, nany very small white, 
lenticular, sand sized grains of micaceous material (?) 
within the dark siltstone, noderately fissile with most 

494- joints parallel to bedding, well indurated, little or no 
weathering . ML 

495

496 

497- a 

* 
498 

4991 

SILTSTONE, olive black, 5YR2/1, with bluish gray inter
501-- beds, occasional dark olive green fine sand lenses, 

dips range from vertical to horizontal, with fractures 
parallel to bedding, nost of the cored section is highly 

502- brecciated with cuntorted bedding, minor offsets of beds 
and irregular conpaction or slumping structures, also 
with some slickenside surfaces indicating movement, 

50 3 bedding thickness ranges from less than 1/16" to 4", 
material is highly micaceous, weathering ranges fran very 
little to moderate. NL 

504

505-1 

5013-0 Joo 

507

508 

509 

15-i 0
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ROCK CORE 

DESCRIPTION Sketch 

I -> 

SILTS'IONE (Monterey Formation), olive black, 5YR2/1, 
511- contains 1/8" to 1/16" thick bluish gray contorted 

interbeds (to 516'), horizontal bedding 1/4" thick, 
fractures parallel to bedding, slickensided surfaces, 

512- same thin lenses of very fine grained sand, very highly 
fractured (to 512'), angular unconformity at 516', 
bedding dips 700, still displays slickensides along 

513-- bedding planes and fractures, moderate weathering.  

514 

515 

516 

517

518 .  

519 

SILTSTONE, olive black, 5YR2/1, bedding 1/4" to 2" thick 
520 with thin 1/4" to 1/16" bluish gray irrterbeds and discon

tinuous lenses of claystone, dips range frcm 200 to 350 
with an apparent angular unconformity at 522', fractures 

521 generally parallel bedding, very highly fractured at 
523' with slickenside surfaces cormn throughout cored 
section, rroderate weathering. ML 

522- 

523 

524 

00 5 25 -/ 

(n 

The upper 16" of the core in Run #55 appears to be mp 
526-. material that has fallen into the bottrn of the hole 

and was then shoved into the core barrel. No structure 
to it.  

527- 32" of Run #56 was extracted from the core barrel, 
however, the upper 16" of this core appeared to be nate- o 
rial that had fallen into the hole while the rods were a 

528- pulled. The actual cored material is as above with 
angular unconformities in the core, with dips of approxi

1529T mately 200. ML 
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ROCK CORE 

Uw LU DESCRIPTION Sketch 0 
0 LLI C ~ 

Part of core very jumbled, lower part is intensely 
fractured siltstone with slickensides and a snall con

5 30 cretion @ 529', with a poorly preserved clam shell cast.  

531- 1 SILTSNE (Monterey Formation), olive black, 5YR2/1, with 
some bluish gray interbeds of clayey material 1/16" 
to 1/8" thick, upper 10" of core is rubble fran caving of 
the hole (not calculated in % recovery), the majority of co 
the core is very jumbled with randornly oriented siltstone 
particles in a clayey matrix, sam bedding is contorted 

. 3 and sare is parallel with dips 30* to 450 and fractures 
along bedding planes, many slickenside surfaces and 
intensely fractured zones. ML 

* 
534 

535 
- 0 O 

5 36__ 

SILTSTCHNE, olive black, 5Y2/1, upper 20" of core is 0 

537- rubble that has fallen into hole, jumbled and contorted 0 
to 537.8', last 2 to 3" is a very fine sandy layer.  

5384

539- SILTTCNE, olive black, 5YR2/1, interbedded with bluish 
qray siltstone ranging from 1/16 to 1" thick, bedding 
generally diping 300 to 450, displacement of 1/2" in .  

540-f beds displayed across fractures normal to bedding planes, "D 
slickensides exhibited along bedding planes, moderately 
fractured and weathered. ML 

542

Upper 2' of core very jumbled with broken siltstone 
543 particles in a bluish gray clay matrix, some minor A 

offsets beds and a few slickensides. ML 
5A4 

545 

9 
546 

SILTSTONE, olive black, 5YR2/3, with very few bluish gray 
clayey interbeds (1/16" to 1/4"), bedding is parallel and 

547- dips at 20* to 250, high percentage of fine sand in the -- 0 
C' 

lcwer 1 1/2' of the cored section, nost fractures are 

* 1along bedding planes although same ranqe to >70, a few s54t 
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ROCK CORE 

0.  mmDESCR IPTION 2 & . o Sketch c u 0 

slickensides found along fractured surfaces, weatherina 
and fracturing are noderate. ML 

549 

550

551-- SILTSTONE (Monterey Formation), olive black, 5YR2/1 
poorly defined bedding planes distinguished by sand size 
lenticular micaceous (?) grains, rrany bluish gray lenses 

552- of clayey mterial which pinch out, saee of which show 
offset and display "flame-like" structures, dips fran 0* 
to 90*, sae intensely fractured zones, and slickensides \ C 

553 on many fractured surfaces, noderately weathered. ML 

554 

555- SILTSTOUE, upper 1' of core intensely fractured with 
many slickensides and bluish gray clayey layers, from 
555' to 556' a clayey zone with broken, angular silt- E Cn 

556 stone particles mixed in, below this is another fracture a 
zone followed by a contorted, jumrbled siltstone zone, 
dips highly variable, same fine sandy lenses and offset 

557-- bedding. ML 

558 

559 

560

561-

562 

563-
SILTSTONE still highly fractured with may slickensides, 
much of the core consists of fractured siltstone parti

564-- cles with offset bedding and variable dips in a bluish 
gray clay matrix. ML 

565 

566

co 
567 

Woodward.Clyde Consultants
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ROCK CORE 

w .  
w DESCRIPTION Sketch U _ 

00 
568 SILTSTONE (Monterey Formation), olive black, 5YR2/1, 

interbedded with bluish gray siltstne and occasional 
thin beds of claystone, siltstone beds range in dip fran 

569- horizontal to 50*, fractures occur parallel to bedding 
planes, internittent zones of contorted bedding with 
minor offset of beds, slickenside surfaces ccamon, highly 

570-- fractured in zones, noderately weathered. ML 

571 

572

573

574 

5 SILTSTONE, bluish gray claystone beds become thicker, 
ranging from 1/16" to 1/2".  

576

577

* 
578-- 

U 

579 

580- -
Lens of fine grained sand.  

581 Siltstene becoming less fractured.  581

582 

SILTSTONE, bedding dip changes drastically frcn 50* to 
583- horizontal in 2' of core, at 584', bluish gray claystone 

beds are pinched out and slightly offset, siltstone 
becomes well indurated below 584', highly jointed, 0 O 584-- slickensides connon. ML 

585 

586", 

Woodward-Civde Corsutzrnts



rojet No.- 41299I Field Log of -Boring No. B-2 Sheet 32 of 40 
ROCK CORE 

L 0 .  
DESCRIPTION 

0Sketch r .  

587- SILTSITONE (Monterey Formation), olive black, 5YR2/1, 
interbedded with bluish gray claystone and sandstone, 
beds range from 1/16" to 1" thick, dips range from 

588 horizontal to 180, no weathering, sane jointing (verti
cal), occasional thin lenses of sand (ash?) at 590', 
layer of very well indurated sandstone, fish-scales seen 

589-- at 594', highly polished bedding plane surfaces. ML 

590

591- Very well indurated sanstone at 589.6' to 590.4' 

592

593

594 
SILTSTONE, beds dipping nostly 350, with clay-filled 
joints. ML 

595

596

597 

4 0 o 

598 

Highly contorted bedding, bluish gray claystone prevalent 
in this zone, highly fractured, clay-filled joints.  

599 

600 

60 1-

602

603 -

604

605
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ROCK CORE 

0. O w w DESCRIPTION Z0 
0 u. - Sketch O 

S66SILTSTONE (Monterey Formation), olive gray, 5YR4/1, 606-- interbedded with same fine sandstone and bluish gray 
claystone. Bedding frcxn 1" to 7" thick with the inter
beds less than 1" thick, dips are 350 to 40* with joints 607- mostly parallel to bedding, saie are vertical, occasional 
slickensides surfaces, well indurated with very little 

I weathering. M.  
608- M 

609 

* 
610 

611

612 SILTSTONE, slightly fissile, bedding from 1" to 8" with a 
few thin clayey interbeds and fine sand beds, slightly 
fractured area from 616.5' to 617', with slickenside 
surfaces, dips at 40', most fractures display slick 
surfaces. ML 

614 

615 

616

617 
SILTSTONE, slightly higher percentage of fine sand, 
slickenside surfaces cn fractures, dips average 250.  

618-

619

620

621

Ll 
0 

622- 

SILTS'IONE, light olive gray, 5YR5/2, same fine grained 
623-- sand, silicified, moderately fractured with mirr offset 

bedding, some visible forams, dips approxinately 250.  
6241 
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DESCRIPTION Z .O LLSketch c 0 

SILTSTONE, light olive gray, 5YR5/2, some fine sand, very -

hard, silicified, moderately fractured, visible forans, 
625-- dips 250. ML-

626-- SILTSTONE (Monterey Formation), light olive gray, 5YR5/2, 
interbedded with a few bluish gray clay lenses, highly 
fractured and contorted zone at 626' to 627', dips 20* n 

627- above fractured zone and 350 below it, general fracture 
trend parallel to bedding with saTe slickenside surfaces, 
sae joints near vertical, occasional pods or thin lenses 

628-- of fine sand, well indurated, slightly weathered. ML 

629

630

631

632 

633-

634

635--

636-
SILTSTONE, olive gray-olive black, 5YR1/2, appears 
brecciated through the entire run, containing mostly 

637- angular fragments of siltstone in silty matrix, dip of 
fractures is 550 to 60*, one 2.5" to 3" zone of shearing 
@ 638.5', also a very light gray, N8, fine sandy layer, 

638- 1" or less thick @ 640.6'. ML 

639

Numerous small pieces of siltstone at 639.8'.  
640 

Numerous polished surfaces, mostly not well indurated.  

641 

642

643 
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ROCK CORE 
0 

W DESCRIPTION Sketch c 0 

0c 

644-- SILTS'ONE (Monterey Formation), olive gray-olive black, 
5YR2/2, less brecciated, cemented layer @ 645.6', 
fractures with 550 to 60* dip. ML 

645 

646-

647 

648 

649 

650 Intrusive with possible baked upper contact 

651 

SILTSIONE, olive black, 5YR2/1, becomes more dense and 
652

cenented, fractures are sub-horizontal, 650, and ver
tical, lithologic changes at 653.4', 653.7', 654.2', 
654.4', and 658.2', upper ones are light gray, N7, sandy 

653- beds, one at botton is light bluish gray, 5B6/1, brecci
ated siltstone. ML 

654 Sample taken at 654' yields age of Louisian (Middle 
Miocene).  

'.i 

655 

656 

657-1 

658-

Monterey Formation, basal unit consisting of glaucophane 
schist (low grade), dusky blue, 5PB3/2, sandy matrix with 

659 - rounded quartz grains.  

0-' 

660- 

661-

662WC 
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DESCRIPTION Sketch 

S. BRECCIA, dark bluish gray, 5B4/1, low grade blue schist, 
663 very weathered/reworked.  

664

665

BRECCIA, dark bluish gray, 5B4/1, oore is less broken
more intact, pronounced brecciation, hard layer on top, 

666-. naterial is possibly reworked.  

667 

668 

69 

670 

671 
BRECCIA, (San Onofre Breccia), medium bluish gray, 
5B5 1, core contains nany angular clasts from sand size 

672-- to clasts larger than the core diameter (2 1/2"), mate
rial is in a fine grained bluish gray chloritic natrix 
which is highly weathered, much difficulty in keeping 

673 core intact, clasts are nainly glaucoplane shist, with 
sane muscovite, lepedolite, plagioclase, quartz, garnet, 
and pyrite, well developed schistosity in iost frag- .  

674-- ments.  

675

676

677-

co 
678 

679-

680 

681 
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DESCRIPTION S .  
C) LLSketch 0. 1 a 

682
BRECCIA (San Onofre Breocia), rredium bluish gray, 5B5/1, 
rrany angular clasts ranging fran sand-sized to 4" to 
5" (larger than. 2 1/2" core diarreter) in a blue gray, 
fine grained chloritic matrix, generally noderately to 
highly weathered, nost clasts display a well developed 

684 schistosity and contain glaucophane, muscovite, garnet, 
plagioclase, and pyrite. mm 

685

686

687-- 

688

689

690

691 N 

00 

692

693-- Clay matrix with clasts to 3".  

694 O 
Cores fracture easily. Most pieces less than 2" long.  

695 

696

697 -- o 

698-

o 699 -

700 

Woodward Ctyde Consultants w



Project No. 412991 Field Log of Boring No. - Sheet - of ' 

ROCK CORE 

DESCRIPTION . kec 
LLSketch C W~ 

BRECCIA (San Onofre Breccia), nedium bluish gray, 5B5/1, 
701 schistose clasts are contained in a light bluish gray 

cholorite mtrix in various degrees of weathering clastso 
vary in size from sand size (medium grained). to larger 

702-- than core size, clasts are nostly chlorite and glauco- -
phane schist, 550 fracture surface dip.  

703-

704 

705 

706 

707 
-C N 

708

Minerals embedded in matrix include quartz, biotite, 
garnets, amphibole, and glaucophane schist clasts.  

709-

710-- - N 

711 

712 

713 

714 

715 

716 

* 
717 -0 

0 

718 0 0 

719 
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o .  
a. DESCRIPTION Sketch 0 

Only clasts recovered, no matrix.  

720 clasts are angular, blue schists with garnet, biotite, 
pyrite, quartz, porphyroblasts, fran pebble size to 3".  
Clasts are fairly fresh.  

721 

722 

723 One fresh blue schist clast recovered.  

724 BRECCIA (San Onofre Breocia), medium bluish gray, 5B5/1, 
matrix supporting angular to rounded, generally metarro
rphic clasts from sand size to clasts longer than 2 

725 1/2", poorly to moderately cemented matrix, matrix and 
clasts fresh, no orientation, sorting, or stratificatic.  
to clasts within matrix, matrix is fine grained chlorite 

726 material.  

727 

728 
BRECCIA, highly fractured to massive, well indurated 
clasts to 5" or nore in length.  

729 

00 Cm o\O o\c 

730 

731 

732 

BRECCIA, bluish gray matrix with rounded to angular 
clasts. Friable to well indurated, moderately fractured. . o 

734

735 0 

736 

737 

738 
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uJ DESCRIPTION Sec 0 0 u SketchO 

739 
BRECCIA (Sai Onofre Breccia), nedium bluish gray, 5B5/1, 
chloritic clay matrix contains nore sand than before, 

740- nodetate to well cemented with clasts ranging in size 
frn sand size to larger than core barrel size, clasts 
are angular to subangular, larger clasts are mostly 

741 chlorite and glaucopharie schist, smaller clasts of 
quartzite, and anphibole, sane lenses of poorly indurated ' 
medium grained sandstone, joints at 35*, moderately 

742 weathered in zones, well indurated at 740.5' to 743' .  
f* 

.0 

743

744 

745 

Clast is faulted and displaced 1/2".  
746 

D~o 

* 
747

748-A 

* 
749

750 Bottom of Boring at 749.5 ft.  

Werr Woodward.Clyde Consultants41
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ANDERSON, WARREN & ASSOCIATES, INC.  
CONSULTING MICROPALEONTOLOGY 
11526 Sorrentc Valley Road Suite G 
San Diego, California 92121 
(714) 755-1524 

* TWX: 9103221735 MICROPALEO SDG 

July 3, 1980 

TO: Southern California Edison Co.  

RE: So. Cal. Edison 
Core B-1, Samples 1 to 5 
San Onofre Area 
Orange County, California 

NANNOFOSSIL REPORT 

Introduction 

Four (4) samples were examined for calcareous and siliceous 
nannofossils and siliceous microfossils. These samples re
present scattered depth intervals from near 485 feet to 
about 654 feet cored in this test hole and provide the 
basis for the age determinations of this report.  

The initial preparations of the four samples were void of 
calcareous nannofossils but did contain fragments and parts 
of siliceous microfossils (siliceous spicules, spines and.  
radiolarian parts). The samples were then treated and pre
pared specifically for siliceous microfossils and on exam
ination, were found to contain reasonably diverse assem
blages of siliceous microfossils. Though the majority of 
diatom species present are benthonic forms, the assemblages 
do contain some pelagic species along with silicoflagellates, 
which allow the placement of these samples into their repre
sentative biostratigraphic zones. The high ratio of ben
thonic to planktonic forms suggest the marine environment



ANDERSON, WARREN & ASSOCIATES, INC.  

RE: Southern Calif. Edison - Core B-1, San Onofre Area 

during the deposition of these materials was moderately 

shallow, probably neritic or a continental shelf setting.  

The provincial ages of each of these samples are given in 

g) the following stratigraphic summary and are based on the 

included siliceous microfossils or siliceous nannofossils.  

The age and zonation framework used is based on the data 

and definitions provided by Barron (1975, a-b) and Koizumi 

(1975, 1977) for the diatoms and from Bukry (1975) and Ling 

(1977) for the silicoflagellates. A limited list of spe

cies of the total number identified from each of the samples 

is included as support for the age determinations. This 

*) suite of species given as representative of each sample in

clude the age diagnostic forms and the more common species 

observed in each sample. The frequency or abundance of each 

species is also noted by letter symbols. The key to these 

* symbols are as follows: V = very rare, R = rare, S = sparse, 

F = frequent.  

4) Stratigraphic Summary 

485' 4-8" (sample 3) 

AGE: Late Miocene, near the top of 
*) the lower Mohnian 

DIATOM ZONE: Denticula hustedtii/D. lauta, 
uppermost part 

SILICOFLAGELLATE Distephanus longispinus, upper
ZONE: most part 

-2-



* ANDERSON, WARREN & ASSOCIATES, INC.  

RE: Southern Calif. Edison - Core B-1, San Onofre Area 

485' 4-8" (sample 3) (con't.) 

DISCUSSION: Selected species occurring in 

this sample include Actinocyclus ingens (V) , Actin
optychus gruendleri (V), Coscinodiscus gigas dio

rama (V), C. marginatus (F), C. robustus (V), 

Cyclotella kelloggi (V), Denticula hustedtii (R, 

including narrow ended form), D. lauta (V), Diste

phanus longispinus (V, with angled basal ring), 

Lithodesmium minusculum (V), Opephora schwartzii 

(S), Endictya japonica (V), Rhabdonema japonicum 

var. sparcicostatum (V), Stephanopyxis schenckii (5).  

491' 24-37" (sample 1) 

AGE: Late Miocene, lower Mohnian 

DIATOM ZONE: Denticula hustedtii/D. lauta 

SILICOFLAGELLATE Distephanus longispinus, lower 
ZONE: part or "Mesocena hexagona sub

zone" 

DISCUSSION: Some of the species present here 

include Actinocyclus ingens (S), A. tsugaruensis (S), 

Actinoptychus gruendleri (V), Arachnoidiscus decora

tus (F), Bruniopsis mirabilis (V) , Coscinodiscus 
marginatus (S), C. robustus (R), C. vestustissimus 

(V), Cyclotella kelloggi (R), Denticula hustedtii 

(S), D. lauta (V), Distephanus longispinus (R, with 

rounded basal ring), Endictya japonica (R), Melosira 

sulcata (F), Mesocena hexagona (R), M. septenaria (R), 

Stephanopyxis schenckii (V).  
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ANDERSON, WARREN & ASSOCIATES, INC.  

RE: Southern Calif. Edison - Core B-1, San Onofre Area 

491' 50-55" (sample 2) 

AGE: Late Miocene, lower Mohnian 

DIATOM ZONE: Denticula hustedtii/D. lauta 

SILICOFLAGELLATE Distephanus longispinus, lower 
ZONE: part or "Mesocena hexagona sub

zone" 

DISCUSSION: Distinctive or more common species 

here include Actinocyclus ingens (R), A. tsugaruensis 

(R), Actinoptychus gruendleri (V), Arachnoidiscus 

decoratus (R), Cannopilus schulzii var. longispinus 

(V), Coscinodiscus gigas diorama (V), C. marginatus 

(S), C. robustus (R), Cyclotella kelloggi (V), Denti

cula hustedtii (V), D. lauta (V), Distephanus longi

spinus (V), D. parva (V), Endictya.japonica (V), 

Melosira sulcata (F), Mesocena hexagona (V), M. sep

tenaria,(V), Stephanopyxis schenckii (R).  

650.3' 43-46" (sample 5) 

AGE: Middle Miocene, Luisian 

DIATOM ZONE: Denticula lauta 

SILICOFLAGELLATE Corbisema triacantha 
ZONE: 

DISCUSSION: Miocene radiolarians were noted 

in this sample in addition to the diatoms and sili

coflagellates. Selected representative species of 

all the siliceous forms include Actinocyclus ingens 

(F), A. i. var nodus (F), A. tsugaruensis (S), Ac

tinoptychus gruendleri (V), Cannopilus boliviensis 

major (R), C. hemis haericus (V), 
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ANDERSON, WARREN & ASSOCIATES, INC.  

RE: Southern Calif. Edison - Core B-1, San Onofre Area 

650.3' 43-46" (sample 5)(con't.) 

DISCUSSION (con't.): 

Clathrocyclas sp. V), Corbisema cf. triacantha (R), 

Coscinodiscus endoi (V), C. marginatus (F), C. .ro
bustus (R), Denticula lauta (R), Dictyocha epiodon 
(V), Diploneis crabro (S), Distephanus parva (F), 
Dorcadospyris sp. aff. pannosa (R), Endictya japon

ica (S), Hemiaulis polymorphus (V), Isthmia nervosa 

(F), Lamprocyrtis hannai (R),.Larnacantha polyacan

tha (R), Liri6spyris reticulata (V), Phorticium 

regulare (V), Spongodiscus spp. (F), Stephanogonia 

hanzawae (V), S. polyacantha (V), Stephanopyxis 

turris s.l. (V), Stylacontarium cf. bispiculum (R), 

Synedra jouseana (V), Xanthopyxis lacera (R).  

Interpreted by: 

E. Dean Milow 

ANDERSON, WARRE & ASSOCIATES, INC.  

A. D. Warren 
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* ANDERSON, WARREN & ASSOCIATES, INC.  

RE: Southern Calif. Edison - Core B-1, San Onofre Area 
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ANDERSON, WARREN & ASSOCIATES, INC.  
CONSULTING MICROPALEONTOLOGY 
11526 Sorrentc Valley Road Suite G 
San Diego, Cailfornia 92121 

(714) 755-1524 

* TWX: 9103221735 MICROPALEO SDG 

July 3, 1980 

TO: Southern California Edison Co.  

RE: So. Calif. Edison 
Corehole B-1 Cores 
San Onofre Area 
Orange County, California 

FORAMINIFERAL REPORT 

This report is based on processing and analysis of 5 core 
samples received June 18, 1980 on a rush priority basis.  

Results of this study are detailed as follows: 

Sample #1 (491'+24-26", +29-31", +35-37") 

() Barren of Foraminifera. Fish debris (C), spicules (R).  
Processed residue consists of few shale particles in the 
coarse fraction and very fine-grained, clear, angular quartz 
sand abundant in the fine fraction.  

AGE: Possibly provincial Late Miocene 
(based on lithology and organic re
mains) 

ENVIRONMENT: Marine undifferentiated 

Sample #2 (491'+50-55") 

Barren of Foraminifera. Fish debris CA, spicules RF, stato
cysts F. Lithology of processed residue same as sample #1.  

) AGE: Possibly provincial Late Miocene 
(based on lithology and organic re
mains) 

ENVIRONMENT: Marine undifferentiated



ANDERSON, WARREN & ASSOCIATES; INC.  

RE: Southern Calif. Edison - Core B-1, San Onofre Area 

Sample #3 (485'+4-8") 

Barren of Foraminifera. Diatoms F. Tan dolomitic limestone 

with few diatoms locked in the matrix.  

AGE: Indeterminate 

ENVIRONMENT: Marine undifferentiated 

Sample #4 (470'+26-30") 

Bolivina marginata var. F, B. vaughani F, B. sp. FC, Buli

mina uvigerinaformis F, Buliminella brevior R, Eponides 

rosaformis R, Pulvinulinella subperuviana FC, Uvigerina 

angelina R. Diatoms F, fish debris F, radiolaria F, spi

cules F. Silty, micaceous shale.  

AGE: Provincial Late Miocene, Early Mohnian 
Stage 

ENVIRONMENT: Outer Neritic to Upper Bathyal 

Sample #5 (650.3'+43-46") 

Bolivina advena(?) molds F, Dentalina obliqua(?) molds R, 

Pullenia miocenica(?) molds F, Siphogenerina(?) sp. molds R, 

Uvigerinid molds R, Valvulineria californica(?) molds C.  

Diatoms F. Brown to tan dolomitic limestone full of foramini

feral molds with test material very badly leached. Some 

* -molds are of possible Middle Miocene Foraminifera.  

AGE: Probably provincial Middle Miocene, 
Middle Luisian Stage or older 

ENVIRONMENT: Outer Neritic to Upper Bathyal or deeper 

ANDERSON, WARREN & ASSOCIATES, INC.  

A. D. Warren 

-2-



S 

S 

* 

APPENDIX 2-A 

* LOGS OF VIBRATORY CORES 
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P Project No. 412991 Field Log of Boring No. 11 Sheet 1 of 2 
BORING LOCATIONSONGS OFFSHORE - E-l,597,186; N-427,655 ELEVATION AND DATUM Water Depth 72' 
DRILLING AGENCY DRILLER Iverson DATE STARTED 6 7 8 0 DATE FINISHED 6 -8- 8 0 

DRILL:NG EQUIPMENT COMPLETION DEPT 1 ROCK DEPTH 

S!ZE AND TYPE OF CASING r NO SDIST. UNDIST. ICORE 4 Plastic OF SAMPLESI 
DRILLING METHOD VIBRATORY CORE ATER FIRST ICOMPL. 24 HRS.  

VIBPAORY ORE E LEV.  
CORE BARREL LENGTH BIT LOGGED BY: CHECKED BY: 

ROCK CORE 

DESCRIPTION Sketch 0 

Sand, dark greenish gray, 5GY4/1, very fine grained, well 
1 - sorted, nicaceous, organic odor, randcm shell fragments 

and sane ccznplete shells (sample 1 taken at 2.2'). SP 

2 
1 

4

5 

.4

7 

8$ 

10 -

(N 

11

13

* 15 -} 

15 ye n 
Wood ward-Clyde Consultants IM



g oject No. 412991. Field Log of Boring No. 11 Sheet 2 of 2 
ROCK CORE 

CL DESCRIPTION Sketch z O 

Age =8,510 + 265 yrs.  
Sand, dark greenish ;gray, 5GY4/1, very fine grained, well 
sorted, micaceous, occasional pebbles. SP 

18 - Abundant shells and shell fragments fron 15.8' to 16.5'.  

19-- Grades to mediun grained sand at 17.8'.  

20 Grades to coarse grained sand at 19.0', light yellcish 
gray, 5Y6/2, subangular grains, moderately well sorted, 
occasional pebbles. SP 

21 

22 Grades to medium grained sand, medium gray, N5, well 
sorted Clay at 22.4', greenish black, 5G2/1, very 
plastic and sticky. CL 

23 

24 Sand at 24', dark greenish gray, 5GY4/1, fine grained, 
slightly clayey. SC 

25 

26 Bottan of Hole at 25.5' 

9 
27 

28 

29 

30 

0 
31 

32

9 
33 

34

35 

Wood ward- Clvde Consuftants r



Project No. 412991 Field Log of Boring No. 1-2 Sheet L of 3 
BORING LOCATIONSONGS OFFSHORE - E-1,595,807; N-426,123 ELEVATION AND DATUM Water Depth 100 
DRILLING AGENCY DRILLER Iverson DATE STARTED 6-8-80 DATE FINISHED 6-9-80 
DRILLING EQUIPMENT COMPLETION DEP%. 5' ROCK DEPTH 

SIZE AND TYPE OF CASING NO I DIST. UNDIST. ICORE 
_________4_____________ OF SAMPLES[ I____________ DRILLING METHOD WATER jFIRST I COMPL. 24 HRS.  

__________________VIBRATORY__________CORE___ ELEV. I_____ 

CORE BARREL LENGTH BIT LOGGED BY: CHECKED BY: 

JW/IM 

ROCK CORE 

w [0 ~ * DESCRIPTION S eo C OE Sketch z 

SAND, dark greenish gray, 5GY4/1, very fine grained, well 
1 sorted, micaceous, random shell fragments and sare whole 

shells. SP 

2 

3 

4 

5 -
6 T

T 

7 

8-I

9 
Broken, nearly crplete, pelecypod shell at 9.2'.  

10 

Corplete gastropod at 11.4'. 4 

12 

13 

14 

Shells and shell fragments at 14.5'.  
15 

Woodward C vdei r-nsum at 1



* Project No. 412991 Field Log of Boring No. 1-2 Sheet of 3 
ROCK CORE 

DESCRIPTION Sketch 0 

SAND, dark greenish gray, 5GY4/1, very fine grained, well 
sorted, micaceous, very slightly clayey. SP 

17-

19 

19 - Pebbles, shells, and shell fragments from 19.6' to 
20.0'. Age 9,095 + 335 yrs 6 

20-o 
Charcoal fragnents and a pelecypod at 20.7'.  

-5 
21 

22 

23 --....  

Becoms fine grained at 23.7'.  
24 Large pebbles at 23.9'.  

Becomes fine to nediurn grained at 24'.  

25-- Rounded pebbles at 25.4'.  

Becores coarse grained at 25.5'.  

26 Becorres fine grained at 25.9'.  

27 Becomres rredium grained at 27.1'.  

Becones fine grained at 27.5'.  

28 Becores fine to medium grained at 27.7'.  

** 
29

301 SAND, olive gray, 5YR4/2, fine to nedium grained, sub
angular, well sorted, micaceous. SP 

311 SAND, olive gray, 5YR4/2, fine grained, well sorted, 
micaceous. SP 

32 

33 
Grades to fine medium grained at 33.4' 

Grades to fine grained at 33.7' 
34-

Woodward-Clyde Co!suftants w



Project No. 412991 Field Log of Boring No. ___1-2 Sheet 3 of 3 
ROCK CORE 

DESCRIPTION Z 0 

SAND, olive gray, 5YR4/2, fine, grained, micaceous. SP 

36 
Grades to niedium grained at 36.3'.  

Abrupt Cange to fine grained at 36.7'.  

Rounded pebble (3/8") at 37.4'.  

38 

No recovery fran 38.5 to 39.5'.  

391 
End of hole. 1-2 

I 
Woodward. Clyde Consultants W0y



Project No. 41299I Field Log of Boring No. 1-3 Sheet -. of 3 
BORING LOCATIONSONGS OFFSHORE - E-1,594,479; N-424,709 ELEVATION AND DATUM Water Depth 125' 
DRILLING AGENCY DRILLER Iverson DATE STARTED%1 0 -80 DATE FINISHE-0-8 
DRILLING EQUIPMENT COMPLETION DEP. 511 ROCK DEPTH 

SIZE AND TYPE OF CASING 4 s NO I DIST. UNDIST. ]CORE 4" Plastic OF SAMPLESI 
TEVR FIRST I COMPL. 24 HRS.  VIBRAMORY Copr ELEV I_______ 

CORE BARREL LENGTH BIT LOGGED BY: CHECKED BY: 

ROCK CORE 

w DESCRIPTION Sketch 0 

SAND, silty, dark greenish gray, 5GY4/1, very fine 
grained, nicaceous, randoni shell fragments. SM 

01 

2 

3 

4 Abundant shells and shell fragments.  

5 

6-

7

. .4 

9 scattered shells 9 

104 

. ..  

12 

13 

14 

15 

* 16 
Woodward*Clyde Consutants W



Project No. Field Log of Boring No-. 1-3 Sheet 2 of 3 
ROCK CORE 

. UDESCRIPTION 0 
Sketch c Ez 

SAND, silty, dark greenish gray, 5GY4/1, very fine 
17 grained, micaceous, random shell fragments. SM 

18-

organic matter 

19

organic matter, shells 
20 -13 

21 
crab leg 

22 

23
Age = 9,400 + 300 yrs.  

14 

24 

no recovery at 24.0' to 25.0'.  

25 

gastrcpod, pelecypod Age = 5,065 + 180 yrs* 15 
26-- 15 

becoms fine grained 

27 

28 

29

30 

31. no recovery at 30.8' to 31.0'.  

32 

33 

34 
SAND, dark gray N3, fine grained, well sorted, micaceous, 

35 simall laminae of mica. SP 

Woodward-Clyde Consultants



Project No. 41299I Field Log of Boring No. 1-3 Sheet2 of 3 
ROCK CORE 

mm DESCRIPTION S ketc a) LL Sketch c tEz 

* 36

37 

38 Gradational change to clayey silt, grayish black, N2. 

Clayey silt, olive black, 5YR2/1, slightly micaceous.  
ML.  39 

40 Bottom of hole. 1-3 

We Ar 

Woodward-Clyde ConsultantsIB



Project No. 41299I Field Log of Boring No. 1-4 Sheet 1 of 3 
BORING LOCATIONSONGS OFFSHORE. - E-1,593,040; 1-423,369 ELEVATION AND DATUM Water Depth 165' 
DRILLING AGENCY wc DRILLER Iverson DATE STARTE%- - 8 0 DATE FINISHE%-12-80 

DRILLING EQUIPMENT COMPLETION DEP 5 '1 ROCK DEPTH 

SIZE AND TYPE OF CASING NO DIST. IUNDIST. CORE 
4" Plastic OF SAMPLESI 

DRILLING METHOD VIBRA'IORY COE WATER ;FIRST ICOMPL. 24 HRS.  
VlBPTURYCOREELEV.  

CORE BARREL LENGTH BIT LOGGED BY: CHECKED BY: 

ROCK CORE 

*j LU DESCRIPTION Sketch Ez 

SAND, silty, olive black, 5Y2/1, very fine grained, mica
ceous, a few scattered shell fragments. SM 

1 

2 
Shells and shell fragrnts at 2.2' to 2.6'. 16 

3 Shells from 3.9' to 4.4'.  

4 17 

5' 

I 
6 - Shells at 6.1'.  

T 

7 Gastropods at 7.1'.  

Shells at 9.2'. 20 

10

111

12 Organic matter at 12.1'. 21 

13-

14-

ArA Wotodward.Clvde Consultants w



roject No. 412991 Field Log of Boring No. 1-4 Sheets of  
ROCK CORE 

DESCRIPTION kch : C 

SAND, olive gray 5Y5/1, medium grained, subangular, 
. moderately well sorted, scattered pebbles up to 1/4".  

17 - S 

SAND, olive gray 5Y4/1, fine to coarse grained, suban
gular, poorly sorted, slightly micaceous, SP, fran 17.9 to 
18.2.  
SAND, dark yellow gray 5Y7/1, medium to coarse grained, 

19 - subangular, moderately sorted, occasional rounded pebbles 
to 3/4", SP, fron 18.2' to 18.4'.  
SAND, olive gray, 5Y4/1, fine grained, moderately sorted, 
micaceous, sane scattered pebbles. SP 

21 Organic matter at 21.1'. Age = 11, 355 + 650 yrs 

22 

23 

24 

Gastropod at 24.6'.  

25 Concentration of rounded pebbles up to 1" fron 25.0' to 

T 25.4'.  

26-

27 -< 28
29

30

31 

32 SAND, mediun light gray, N6, as above with small blebs and 
discontinuous lenses of sand which contain little mica.  

33 Slightly coarser grained, interval from 33.0' to 33.6'.  

34-

Woodward-Clyde Consultants,



roject No. av'l Field Log of Boring No. 1-4 Sheet ' of 3 
ROCK CORE 

DESCRIPTION z od w Sketch Uc E 

SAND, olive gray, 5Y4/1, fine grained, subangular, well 
. sorted, micaceous. SP 

36
Small rounded pebbles at 36.3'.  

37-

Scattered shell fragmrents at 37.3'.  

38 

39 
Bottan of Hole 1-4 at 39.5'.  

T 
* 4 

eI 
* 

110 Woodward.Clyde Consultants to



Project No. 412991 Field Log of Boring No. 1-5 Sheet 1 of 3 
BORING LOCATIONSONG OFFSHORE - E-1,591,165; N-421,269 ELEVATION AND DATUM ater Depth 200' 
DRILLING AGENCY DRILLER IVerSOn DATE STARTEl 2 -80 DATE FINISHE% 1 2 8 0 

DRILLING EOUIPMENT COMPLETION DEPTH ROCK DEPTH 

SIZE AND TYPE OF CASING 4n PlastiC OF IDIST. 1 UNDIST. ICORE 

DRILLING METIHOD WATER 'FIRST ICOMPL. 24 HRS.  
DRILLINGMETHODVIBRA'IORY CORE ELEV. ' I 

CORE BARREL LENGTH BIT . LOGGED BY: CHECKED BY: 

ROCK CORE 

DESCRIPTION Sketch m LL CC~: 

SAND, silty, olive gray, 5YR3/2, very fine grained, 
micacecus, scattered shell fragments. SM 

2 

3 

4 

.  

6 

7 

Organic debris at 7.9' 25 
Gradual color change to olive black, 5YR2/1, frcm 8.0' to 
8.5'.  

10_ 

* 14 
12

13-

14 -n

Woondward Civde Consultnt



roject No. 412991 Field Log of Boring No. 1-5 Sheet 2 of 3 
ROCK CORE 

DESCRIPTION Sketch I 

SAND, silty, olive black, 5YR2/1, very fine grained, 
n icaceous, scattered shell fragments. SM 

17 

18 

19-

20 

21-

No recovery frcrn 21.5' to 22.0'.  

22 Scattered organic debris fran 22.0' to 27.0'.  

23

241-- Organic natter at 23.9'. 26 

254 

T 

26 

27 

28 

Organic matter at 29.7'.  
29

30 -27 

Organic matter at 30.6'. Age = 13,160 + 550 yrs. 28 
31

32 

33 

Organic matter at 33.8'. 29 
34 

35 
WAo Woodward.Clvdfe Consuftants ic-



roject No. 412991 Field Log of Boring No. 1-5 Sheet 3 of 3 
ROCK CORE 

DESCRIPTION Sketch 
O L Sketch] c_ 8 2 

SAND, silty, olive black, 5YR2/1, very fine grained, 
*) micaceous, scattered shell fragments. SM 36 -

37-

38 Organic ratter in concretion at 38.4'.  38132 
Organic ratter at 38.5'. Age = 12,270 + 340 yrs.  

39--

40 Bottom of hole 1-5 at 39.5'.  

T 

WodadCyeCnutnsT~7



Project No. 412991 Field Log of Boring No. 2- Sheet -I of 3 
BORING LOCATIONSONGS OFFSHORE E-1,597,740; N-4181851 ELEVATION AND DATUM Water Depth 165' 
DRILLING AGENCY DRILLER Iverson DATE STARTE%-13-80 DATE FINISHEE-1 4 - 8 0 
DRILLING EQUIPMENT COMPLETION DEPT 4 . I ROCK DEPTH 

SIZE AND TYPE OF CASING 4" CaSiK O DIST. UNDIST. ICORE 
_______________________ -- -. OF SAMPLESI j___________ 

ILLING METHOD VIBRA'IIRY CORE EAE FIRST I COMPL. 24 HRS.  

CORE BARREL LENG1H BIT LOGGED BY: CHECKED BY: 

JW/BN 

ROCK CORE 

DESCRIPTION Sketch u E 

SAND, silty, olive gray, 5YR3/2, very fine to fine grained, 
subangular, micaceous, randan shell fragments. SM 

2

3 

4 

5 T 

7 

*T 

98

10

12 

13

14 

SAND, olive gray, 5YR4/2, mediu to coarse grained, sub
angular, moderately sorted, slightly micaceous, shell 

15- . 5  fragments. SP 
0 . SAND, olive gray, 5YR3/2, fine grained, subangular, poorly 

to moderately sorted, slightly silty, micaceous. SP 

Woodward-Clyde Consultants w.



roje t No. 412991 Field Log of Boring No. 2-1 Sheeti2o-f 3 
ROCK CORE 

CL LU UJ DESCRIPTION Z > 06 Sketch c u Ez 

Starting at 15.7' 
SAND, olive gray, 5YR4/2, redium to coarse grained, sub

17 angular, noderately to poorly sorted, slightly micaceous, 
T numrercus shell fraqments, numerous rounded pebbles. SP.  

SAND, olive gray at 17.1', 5YR4/1, fine grained, subangular, 
18 well sorted, incaceous. SP 

19 no recovery at 18.0' to 19.5'.  

20 

21 
SAND, olive gray, 5YR4/2, medium to coarse grained, sub
angular, roderately sorted, nricaceous, numerous rounded 

22 pebbles to 1 1/2" in diameter. SP 

* SAND, olive gray, 5YR4/1, fine grained, subangular, well 
23 sorted, micaceous. SP 

SAND, olive gray, 5YR4/2, rredium grained, subangular, well 
sorted, micaceous, occasional sub-rounded pebbles to 1/4" in 24 dianeter. SP 
SAND, olive gray at 24.3' to 24.5', 5YR4/1, fine grained, 
subangular, well sorted, micaceous. SP 

25SAND, olive gray, at 24.5', 5YR4/2, medium grained, sub
angular, well sorted, micacecus. SP 
SAND at 25.2' becones fine to medium grained.  

26 

27 
SAND, olive gray, 5YR4/1, fine grained, subangular, well 
sorted, micaceous. SP 

28 

Fram 28.7' to 29.3' vertical stringers of coarse grained 
29- sand.  

30

31 

Organic matter. 33 

32 

33 

34 
no recovery at 34.5' to 35.0' 

Woodward.Ctyde Consuftants



roje N 412991- Field Log of Boring No. 2-1 Sheet 3iof 3 
ROCK C RE 

DESCRIPTION Sketch z E 
0 uE 

SAND, olive gray, 5YR4/1, fine grained, subangular, well 
sorted, micaceous. SP 

36.  
Fron 36.2' to 38.2' - blebs of whitish sand deficient in 
mica, up to 1/2" in diameter.  

37 

38-

39 no recovery at 39.3' to 40.0'.  

40

41

42 -n 

43 

Botton of hole 2-1 at 44.1'..  

0 

0 

04 

Woodward.Clvde Consulti~nts v,



APPENDIX 2-B 

AGE DATING RESULTS 
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APPENDIX 2-B 

SUMMARY OF AGE DATING ANALYSES 

The results of radiocarbon age determinations performed on 

is selected samples of shell and organic material obtained in 

cores from vibratory drilling offshore of SONGS Units 2 and 3 

are attached in this Appendix. Specifically, Table 2B-1 

summarizes radiocarbon age date determinations on seven 

samples. This table is followed by the specific data sheets 

for each sample for the determinations made by Krueger 

Enterprises, Inc., Geochron Laboratories Division located in 

Cambridge, Massachusetts. It is noted that the results for 

Sample 15 of Core 1-3 appear anomalous when compared to the 

other results. Also, the quantity of sample was noted to be 

small enabling only limited pretreatment. Based on a dis

cussion with Mr. Krueger, who made the determination, if this 

. date were in error, it would be too young. For these rea

sons, it is suggested that the results of Sample 15 of Core 

1-3 may be treated as anomalous and, therefore, disregarded 

in analysis.  

0s



TABLE 2B-1 

SUMMARY OF AGE DATING RESULTS 

Age Date in. Years 
Core No. Sample No. Depth (ft) Material Type Before Present* 

1-1 2 16.4 Shells 8,510 + 265 

1-2 6 19.7 Shells 9,095 + 335** 

1-3 14 23.4 Organic 9,400 + 300 

1-3 15 25.7 Shells 5,065 + 180** 

1-4 22 21.1 Organic 11,355 + 650 

1-5 28 30.6 Organic 13,160 + 550 

1-5 31 38.5 Organic 12,270 + 340 

* These age dates are referenced to the year A.D. 1950.  

** Thorough leaching not possible during pretreatment due to 
* limited size of sample.



( V /KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617).876-3691 

PRIORYTY BASIS 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. GX-7327 Date Received: 27 June 1980 

Your Reference: Project 412991, Task 3160 Date Reported: 7/7/80 

Submittedby: 0. S. Ghuman 
Woodward-Clyde Consultants 
4000 W. Chapman St.  
Orange, CALIF 92668 

Sample Name: Sample # 2. Of f shore SONGS. Boring 1-1, run 2, section C, 15. 8-16. 5'.  
Shells.  

AGE = 8510 +/- 265 C-14 years B. P. (c-13 corrected) 

Description: Small sample of marine shells of various species.  

Pretreatment: Shells and shell fragments were recovered after 
disaggregating the sample with ultrasonics. The 
shell material was further cleaned and rinsed 
briefly with very dilute HC1 to remove altered 

* surface material. The cleaned shell material was then 
hydrolyzed under vacuum to recover carbon dioxide 
for the analysis.  

Comment: 

PDB +1.1 O/0.  

* Notes: This date is based upon the Libby half life (5570 years) for C ". The error stated is ±1 a 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to the year A.D. 1950.



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617)-876- 3691 

PRIORITY BASIS 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. GX-7335 Date Received: 30 June 1980 

Your Reference: P.O. #412991 DateReported: 23 July 1980 

Submitted by: 0. S. Ghuman 
Woodward-Clyde Consultants 
4000 W. Chapman St.  
Orange, Calif 92668 

Project No. 412991 

SampleName: Offshore SONGS. Sample #6.  
Boring 1-2, run 1, sec. A, 19.8'. Shells 

AGE= 9095 +/- 335 C-14 years B.P. (C-13 corrected) 

Description: Mixed shell fragments in sand.  

Pretreatment: The shells were cleaned thoroughly in an ultrasonic 
cleaner. A brief leaching with very dilute HC1 was 
utilized to remove additional surficial material which 

may have been altered. Thorough leaching was not 

possible without severely reducing the size of the 
sample. The cleaned shells were then hydrolyzed with 
HC1, under vacuum, and the carbon dioxide recovered 

Comment: for the analysis.  

6c 13 
PDB +1.4 0/0 

Notes: This date is based upon the Libby half life (5570 years) for C 1. The error stated is ± 1 a 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to the year A.D. 1950.



KRUEGER ENTERPRISES, INC.  
I GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617)- 876- 3691 

PRIORITY BASIS 
RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

OurSampleNo. GX-7328 DateReceived:27 June 1980 

Your Reference: Project 412991, Task 3160 DateReported: 2 July 1980 

Sub nitted by: 0. S. Ghuman 
Woodward-Clyde Consultants 
4000 W. Chapman St.  
Orange, CALIF 92668 

* SanpleName: Sample # 14. Offshore SONGS. Boring 1-3, run 2, section A, 
23.4 feet.  

AGE= 9400 + 300 C-14 years B.P.  

Description: Small sample of organic matter in marine sediment.  

The entire sample was dispersed in a large volume of 
water and the clays and organic matter were eluted 
away from any sand and silt by sedimentation and 
decantation. The clay/organic fraction was then 
treated with hot dilute HCI to remove any carbonates.  
It was then filtered, washed, dried, and roasted in 
oxygen to recover carbon dioxide from the organic 

omnment: matter for the analysis.  

6 C /00.  PDB 0/0 

* Notes: This date is based upon the Libby half life (5570 years) for C14. The error stated is ±1 a 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to th year A.D. 1950.
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KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617)-876-3691 

PRIORITY BASIS 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. GX-7336 DateReceived: 30 June 1980 

Your Reference: P.O. #412991 DateReported: 23 July 1980 

Submitted by: 0. S. Ghuman 
Woodward-Clyde Consultants 
4000 W. Chapman St.  
Orange, Calif 92668 

Project No. 412991 

SampleName: Offshore SONGS. Sample #15.  
Boring 1-3, run 3, sec. B. Shells.  

AGE= 5065 +/- 180 C-14 years B.P. (C-13 corrected) 

Description: Mixed shell fragments in sand.  

Pretreatment: The shells were cleaned thoroughly in an ultrasonic 
cleaner. A brief leaching with very dilute HC1 was 
utilized to remove additional surficial material which 
may have been altered. Thorough leaching was not 

possible without severely reducing the size of the 
sample. The cleaned shells were then hydrolyzed with 
HC1, under vacuum, and the carbon dioxide recovered 

Comment: for the analysis.  

6C 13000 
PDC +0.9 ok/o.  

Notes: This date is based upon the Libby half life (5570 years) for C 14. The error stated is ± 1 0 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to the year A.D. 1950.



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617)-876.3691 

PRIORITY BASIS 
RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. GX-7329 Date Received: 27 June 1980 

Your Reference: Project 412991, Task 3160 Date Reported: 7/7/80 

Submitted by: 0. S. Ghuman 
Woodward-Clyde Consultants 
4000 W. Chapman St.  
Orange, CALIF 92668 

Sample Name: Sample # 22. Offshore SONGS. Boring 1-4, run 2, section A, 21.1'.  
Organic carbon.  

AGE = 11, 355 +/- 650 C-14 years B. P.  

Description: Small sample of organic matter in marine sediment.  

Pretreatment: The entire sample was dispersed in a large volume of 
water and the clays and organic matter were eluted 
away from any sand and silt by sedimentation and 
decantation. The clay/organic fraction was then 
treated with hot dilute HC1 to remove any carbonates.  
It was then filtered, washed, dried, and roasted in 
oxygen to recover carbon dioxide from the organic 

Comment: matter for the analysis.  

The sample was quite small, but was counted on each of two days with 
*P good concordance, average reported.  

6C 13 
PDB 00.  
-~-------------------------------------------

Notes: This date is based upon the Libby half life (5570 years) for C "'. The error stated is 11 u 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to the year A.D. 1950.



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET *CAMBRIDGE, MA. 02139 *(617)-876-3691 

PRIORITY BASIS 
RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample NO. GX-7337 Date Received: 30 June 1980 

Your Reference: P.O. #41299I DateRexsrted: @$ July 1980 

,Submited by: 0. S. Ghuman 
Woodward-Clyde Consultants 
4000 W. Chapman St.  
orange, Calif 92668 

SampleName: Offshore SONGS. Sample #28. Boring 1-5, run 2, sec A, 30.6'.  
Organic matter.  

AGE= 13,160 +/- 550 C-14 years B.P.  

Description: Organic matter from marine sediment.  

Pretreatment: The entire sample was dispersed in a large volume of 
water and the clays and organic matter were eluted 
away from any sand and silt by sedimentation and 
decantation. The clay/organic fraction was then 
treated with hot dilute HCl to remove any carbonates.  
It was then filtered, washed, dried, and roasted in 

oxygen to recover carbon dioxide from the organic 
Comment: matter for the analysis.  

6C 13
PDB 000.  

Notes: This date is based upon the Libby half life (5570 years) for Cl 4. The error stated is ± 1 a 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to the year A.D. 1950.



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617)-876-3691 

PRIORITY BASIS 
RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. GX-7338 Date Received: 30 June 198 0 

Your Reference: P.O. #412991 DateReported: 24 July 1980 

Submitted by: 0. S. Ghuman.  
Woodward-Clyde Consultants 
4000 W. Chapman St.  
Orange, Calif 92668 

SampleName: Offshore SONGS. Sample #31. Boring 1-5, run 4, sec A, 38.5.  
Organic matter.  

AGE= 12,270 +/- 340 C-14 years B.P.  

Description: Organic matter from marine sediment.  

Pretreatment: The entire sample was dispersed in a large volume of 
water and the clays and organic matter were eluted 
away from any sand and silt by sedimentation and 
decantation. The clay/organic fraction was then 
treated with hot dilute HCI to remove any carbonates.  
It was then filtered, washed, dried, and roasted in 
oxygen to recover carbon dioxide from the organic 

Comment: matter for the analysis.  

6C 13 
PDB 0/00.  

Notes: This date is based upon the Libby half life (5570 years) for C ". The error stated is ± 1 a 
as judged by the analytical data alone. Our modern standard is 95% of the activity of 
N.B.S. Oxalic Acid.  
The age is referenced to the year A.D. 1950.


