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Abstract. Chemical analyses of cores from the Cajon Pass 
Deep Drillhole confirm vertical lithologic diversity of the 
basement rocks. They are metaluminous and calcalkaline; 
weak major element correlations with wide-ranging Si<>2. sug
gest they are not a simple cogenetic suite. Quartz contents 
correlate with the thermal gradient profile, supporting con
duction as the principal thermal transport mechanism. 
Abundances of heat producing elements are variable and 
somewhat lower than average crustal values. Cross-calibration 
with other measures of Th, U and K are underway. Ages of 
surface granitoids and core 17 are late Cretaceous; other plu
tonic rocks appear older but late Mesozoic. Initial lead isotopic 
signatures of the plutonic rocks change dramatically with depth 
in the hole. 

Introduction 

Petrological and geochemical investigations in the Cajon 
Pass Deep Drillhole (CPDDH) science experiment have the 
following objectives: 

1) Acquisition of information on bulk rock mineral as
semblages, compositions, fabrics and structures, heat produc
tion, thermal conductivity, fluid content, permeability, density, 
and recent geologic history related to the San Andreas fault; 

2) Exploration, in the third dimension, of the petrological, 
geochemical and tectonic evolution of a critical part of southern 
California; 

3) Direct testing and calibration of methods for downhole 
geophysical logging of physical and chemical properties of the 
rock column; 

4) Observations on stability, sensitivity and range of mineral 
and isotopic systems, followed through a well-documented 
profile of temperature, pressure, and fluid chemistry to a depth 
of 5 km (1.6 Kb). 

The first phase of drilling to 2115 m and geophysical log
ging to a depth of 1829 m were completed March 28, and 
sample distributions were received by April21, 1987. Silver 
and James (this volume) discuss the geologic setting and de
scribe the lithologic column synthesized from cuttings, core, 
logs and other sources of information. In this paper we report 
and briefly discuss several groups of preliminary analytical 
results relevant to the objectives. 

Results and Discussion 

Petrographic analysis of the rocks involved preparation 
and examination of more than 120 rock and grain mount thin
sections, estimation and point counting of mineral abundances, 
textural descriptions, and selection and preparation of samples 
for chemical analysis. We have used I.U.G.S. petrographic 
nomenclature (Streckeisen, 1973). 

To demonstrate the lithologic diversity, estimated mineral 
modes typical of selected core samples are shown in table 1. 
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TABLE 1. Typical Estimated Modes of Cores (volume %) 

Core Number and Depth (m) 
5 10 15 17 18 19 20 

521- 743- 1138- 1351- 1500- 1652- 1741-
529 746 1141 1357 1502 1658 1744 

Quartz 25 35 29 21 20 25 
Alk.feldspar 16 31 41 16 tr 23 
Plagioclase 44 29 23 50 55 38 42 
Biotite 14 5 7 7 20 7 4 
Amphibole 5 3 5 50 
other 1 1 2 2 4 

Thlill 100 100 100 100 100 100 100 

Rock biotite biotite biotite biotite hom· hom- biotite 
name grana- granite granite hom- blende blende hom-

diorite gneiss blende biotite biotite blende 
grana- tonalite monzo gabbro 
diorite gneiss granite 
gneiss gneiss 

In addition to the major minerals, titanite is an ubiquitous 
accessory phase along with variable amounts of allanite, 
zircon, apatite and magnetite-ilmenite. 

A number of representative core samples were prepared for 
major, trace element, and isotopic analyses. Samples were 
prepared from continuous vertical intervals of rock sawed as 
rods (-3 em square cross-sections) from the interior of the 
core bodies. Sample selection was based on criteria of 
primary rock character, relative freedom from alteration, and 
lithologic continuity over a significant depth interval to permit 
effective comparison with downhole gamma-ray and neutron 
activation chemical logs, as well as to produce materials for 
calibration of laboratory gamma-ray spectroscopy. Samples 
were broken down with a stellite diamond mortar and a Spex 
tungsten carbide "shatterbox", homogenized and aliquoted by 
seamless sample splitter for the various chemical studies. 
Major element analyses determined by x-ray fluorescence and 
other methods and calculated C.I.P.W. nonnative mineral 
values are presented in table 2. The potassium from these 
data, uranium and thorium determined by isotope dilution 
mass spectrometry, and total gamma ray activity in API units 
are found in table 3. 

The range of rock compositions is also represented in 
Figure 1, a plot of the total alkalies versus Si02 and CaO ver
sus Si02 combined in a Peacock diagram. The intersection of 
the two arrays, represented by the vertical line indicates the 
rocks are generally calkalkaline in character. However, the 
scatter of the linear arrays suggests the rocks may not be a 
simple cogenetic suite. Several of the samples are more 
alkaline. This inference is supported by petrographic 
properties as well. All of the rocks are metaluminous. 

The modes and the normative analyses indicate great 
variability in quartz content in the cores. The importance of 
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TABLE 2. Chemical analyses and C.I.P.W. Norms of Cajon 
Pass Deep Drillhole Cores (weight % by XRF and other 

methods). Analyst: B. W. Chappell, A. N. U. 

Core Number and Sample Interval (m) 

5 10 15 17 18 19 20 
525.57 744.44 1138.98 1352.85 1500.68 1655.61 1741.05 
525.71 744.93 1140.26 1353.31 1501.35 1657.29 1741.35 

Si02 66.39 73.30 71.10 
TiOJ. 0.63 0.32 0.46 
Al20J 16.01 13.98 14.01 
Fe203 1.17 0.70 1.45 
FeO 2.21 1.10 1.75 
MnO 0.07 0.05 0.05 
MgO 1.40 0.56 0.64 
CaO 3.13 1.79 1.88 
Na20 3.73 3.37 3.00 
K20 3.19 4.45 4.81 
P205 0.19 0.08 0.13 
s .sQJU .sQJll w 
~ 98.13 99.71 99.30 

62.92 61.10 
0.88 1.07 

17.30 15.15 
1.86 1.75 
2.66 5.17 
0.06 0.10 
1.76 3.50 
4.73 3.47 
4.25 3.33 
2.38 3.44 
0.29 0.21 
~ Q...Q§ 
99.10 98.35 

C.I.P.W. NORMS 

quartz 23.2 31.8 30.0 16.3 13.6 
corundum 1.2 0.56 0.76 0.14 
orthoclase 18.9 26.3 28.4 14.1 20.3 
albite 31.6 28.5 25.4 36.0 28.2 
anorthite 14.3 8.4 8.5 21.1 15.8 
nepheline 
diopside 0.38 
hypersthene 5.7 2.4 2.9 6.2 15.2 
olivine 
magnetite 1.7 1.0 2.1 2.7 2.5 
ilimenite 1.2 0.61 0.87 1.7 2.0 
apatite OM !l..!.2. Q..lQ .Q..61. ~ 
~ 98.2 99.8 99.2 99.2 98.2 

67.21 44.69 
0.56 1.30 

15.75 18.98 
1.31 4.28 
1.94 7.39 
0.08 0.17 
1.10 6.06 
3.24 11.54 
3.80 2.83 
4.29 0.89 
0.15 0.33 
Q...Q§ !!..l2 

99.49 98.85 

20.2 

25.4 5.3 
32.2 16.7 
13.3 36.5 

4.0 
1.5 15.1 
3.7 

11.6 
1.9 6.2 
1.1 2.5 
.Q...ll ~ 

99.7 98.7 

Rock 
name 

grano- granite granite grano- quartz monzo- hom
diorite gneiss diorite monzo- granite blende 

diorite gneiss gabbro 

quartz content in determining rock thermal conductivity is well 
established. Temperature gradient measurements 
(Lachenbruch and Sass, this volume) conespond closely to the 
lithologic differences we repon. Figure 2 shows a comparison 
of quartz content in basement cores of leg 1 with the observed 
temperature gradient. This demonstrates that conductivity is 
the principal heat transfer mechanism. The variability 
observed in core and cuttings studies (Silver and James, this 
volume) points to the requirement for close sample and 
logging control for effective heat flow calculations. 

The distribution of heat producing radioactive elements in 
the several core samples analyzed is variable (table 3) and 
generally somewhat lower than average crust. This reflects, in 
particular, lower uranium values (which average 1.6 ppm) 
compared to average crustal values of -3-4 ppm. The Th val
ues are close to average crustal values and potassium values 
show a normal range. Whether the low U values observed re
flect orhrinal endowments or secondary modifications of the 
rocks is under investigation in our laboratory. For core 17, 
we have compared the total rock radiogenic Pb isotope incre
ments with the observed U and Th and have found no 
evidence for major U loss. 

In table 3 we also calculate heat production values for the 
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Fig. 1. Peacock diagram, CaO versus Si02 and total alkalies 
versus Si02 in weight percent V erticalline at the intersection 
of the best-fit lines suggests the rocks are generally 
calkalkaline. 

seven samples. The somewhat low values indicate that local 
heat production can be treated effectively in the evaluation of 
the tectonic contribution to heat flow at Cajon Pass. 

The Th/U ratios observed are higher than "average" crustal 
values but they are not unusual for the Precambrian and 
Mesozoic granites of the Mojave Desert region which have 
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Fig. 2.Modal (volume %) quartz in core samples compared to 
temperature gradient (Lachenbruch and Sass, this volume) in 
the Cajon Pass drillhole basement rocks. 
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TABLE 3. Radioactive Element Abundances 

Core K 
Sample % 

U Th Th/U Total Heat 

ppm ppm API yl Production2 
1J.W/m3 

C-5 2.64 1.91 13.35 6.97 85 1.76 
C-10 3.69 1.01 13.45 13.30 107 1.58 
C-15 3.99 1.23 22.68 18.51 179 2.35 
C-17 1.97 1.25 7.14 5.17 68 1.06 
C-18 2.85 1.67 14.41 8.63 101 1.82 
C-19 3.56 3.80 10.98 2.89 168 2.16 
C-20 0.74 0.32 0.34 1.05 28 0.20 

I Measured with a Core Laboratories, Inc. total gamma activity 
scintillometer, calibrated with the manufacturer's synthetic 
standards. 
2 Based on energies of Wetherill (1966) revised for accepted 
decay constants and corrected for measured core densities. 

been cited for their distinctive high ThiU rock ratios (e.g. 
Silver et al., 1984). If uranium loss has influenced the present 
ThiU ratios in Cajon Pass rocks it should be identified by the 
techniques and arguments for the origin and timing of uranium 
mobility in granites (Silver, 1982; Silver eta/., 1981,1984) 
now being applied to Cajon Pass core samples. 

The Cajon Pass project provides an unsurpassed opportu
nity for cross-calibration of various methods for determining 
U, Th and potassium abundances in a crustal column. Were
port here, with the cooperation of colleagues (Anderson et al., 
this volume), a preliminary comparison of our isotope dilution 
and XRF determinations of these elements with values derived 
from downhole spectral gamma-ray logging. In Figure 3, the 
data is presented with a reference 1:1 ratio line, a regression 
line fitted to the data, and R2 (R/\2), a measure of the good
ness of fit. There are both scatter and significant departures 
from a 1:1 fit for all three elements. These can be attributed to 
several possible sources, including sampling procedures, 
chemical and isotopic analytical techniques, the gamma ray 
statistics, and the spectral stripping and calibration methods 
used in processing the downhole logging data. For some parts 
of the column, uranium series disequilibrium is suspected. 
Nevertheless, we believe this first iteration in a continuing 
effort at cross calibration promises a refmement in downhole 
methodology which will be very important in future basement 
logging studies. Other collaborative calibration efforts are 
now in progress for downhole neutron activation chemical 
logging and for laboratory gamma-ray spectrometry. 

As part of an extensive isotope geochemistry effort now 
underway we report preliminary U-Th-Pb geochronological 
results on zircons and sphenes from several nearby surface 
samples and for a sphene-hornblende biotite granodiorite from 

TABLE 4. Zircon and Sphene U-Th-Pb Apparent Ages 

Sample 

Squaw Peak 

Zircon U-Pb 
intercept age 

±2Ma 

80.6 
Whale Mountain 74.9 
Silverwood Lake 75.6 
Corel? 78.3 
Average 77.3 

Sphene 
206pb,J238U 208pbJ232Th 

±3Ma ±3Ma 

76.7 77.3 
74.2 82.4 

75.4 76.3 
75.4 78.6 
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Fig. 3. Comparison of ppm U, ppm Th, and% K20 on core 
samples by isotope dilution and x-ray fluorescence with 
measurements on matched downhole intervals by gamma-ray 
logging. R/\2 is a measure of the goodness of fit of the line 
regressed through the data. 

core 17 (1352.9-1353.3 m) Surface granodiorites were 
collected from Squaw Peak, 1.2 km to the south of CPDDH, 
Whale Mountain, 2.4 km southwest, and from Silverwood 
Lake, 13 km to the east (table 4). 

All of the zircon ages are based upon multiple zircon frac
tions which display moderate inheritance effects. The reported 
ages are based on intercept arrays on a concordia diagram 
where the lower intercept is closely controlled. Uncertainties 
are given in the table. The sphene leads are only moderately 
radiogenic and are corrected with feldspar initial leads. The 
observed 207pbf204pb ratios do not permit calculation of 
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Fig. 4. Variation of feldspar initial lead isotopic ratios in core 
and surface samples with depth in the Cajon Pass deep 
drillhole. 

significant 207pbf206Pb and 207pbf235U ages, therefore only 
206pbf238U and 208pbf232Th ages are reported. 

It is apparent that core 17, believed to be the youngest in
trusive encountered in the well on petrographic grounds, is of 
the same generation as the three surface samples, all falling 
within 75-81Ma. Sphene ages are in good agreement within 
assigned error limits and support the interpretation of late 
Cretaceous emplacement for the family of granodiorites in this 
area. Miller and Morton (1980) report K-Ar ages on biotites 
from granodiorites from 3.2 km south and 11.3 km east of 
CPDDH, of 70.0 and 70.5 Ma, respectively. These are 
plausible cooling ages ( <300°C) for the last plutonic activity in 
the rocks near the site. 

Finally, in Figure 4, the isotopic composition of leads 
from feldspars from the three surface samples and from cores 
9, 10, 17, 19, 20, and 33 are given as a function of depth. 
From our preliminary work all appear to be Mesozoic plutonic 
rocks. The leads of the three highest core samples are similar 
to the three regionally characteristic surface samples. Cores 
19, 20, and 33, however, are in notable contrast in their more 
primitive, less radiogenic character. Such contrasts in rocks of 
approximately equivalent age are known only in leads formed 
in quite different lithospheric settings (Zartman, 1974; Silver, 
1987). No other instance of such a drastic change in initial lead 
compositions in a vertical column has been reported, to our 
knowledge. In this preliminary report, awaiting our further 
work on the precise ages of each of the rock units, we can 
suggest as one possibility the large-scale tectonic juxtaposition 
of rocks which originally formed in quite different settings. 
Other alternatives will be explored collectively in a later more 
defmitive paper. 
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