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Figure la.

Location map of Lost Hills oil field
in the San Joaquin Valley of
California.

Map of Lost Hills o4l field shouing
locations of sampled wells. Structure
contours ah base of Monterey
Formation. (After Calif., Div., 0il and

Gas Publ. TR11-R.)
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Figure 2. X-ray diffractograms between 199 and
309 28 for representative samples
whose diagenetic grade increases from
2a to Z2e. Note the appearance,
strengthening and disappearance of the
opal-CT peak near 21.7°9 28.
Diffractogram a b c d e
Hell 2 2 2 3 4
Sample Depth 580 652 989 1302 1474
(meters)
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Figure 3 charts the silica phases encountered
in struetural and stratigraphic context. Datum
Has chosen as ground level in order to show the
effects of present temperature (i.e., depth of
burial) oh diagenesis. The present average
geothermal gradient was determined to be 33%C/km
n well 6 (the only uell for which careful
battonhole readings had been recorded). The value
uas derived by applying Horner method corrections
(Doudle and Cobl, 1975) to wel) log temperatures,
Zieglar and Spotts (1978) determined a range of
geothermal gradients in the San Joaquin basin of
22°-36%Cskm, going from east to west. Since Lost
Hills 15 a westside field, the value here
determined is a reasconable one.
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Figure 3. Occurrence of diagenetic
in Lost Hills @il field.
intervals are indicated, as are
stratigraphic contrel points from
electric log correlations.
(Correlations from Graham, and others,
this volume.}

silica phases
The sampled

It was expected that the diagenetic horizons
would cceur at approximately the same depth (i.e.,
same temperature) in all weils at Lest Hills,
Thus, they should mirror the surface topography,
which is nearly fl1at, However, it is clear from
Figure 3 that the lowest occurrence of opal-CT
lies progressively deeper moving doun the
subsurface structure from wells 2 to 4. 1f the
diagenetic boundary was initially {lat, then
subsequent uplift has perched the opal-CT zones of
the structuralily higher wells above their burial
depth of formation, while dropping the zone in
wells in down-plunge positions.

OPAL=CT D(101)-SPACING

Samples showing the presence of opal-CT wuere
rescanned twice between 20° apg 300 28 at
172%/min. (chart speed = 10 mm/mip.). The opal-CT
d(101)-spacing was determined by reference to the
(111} peak of the silicon standard at 28,467° 28.
The two values from each sample were averaged.

7 WELL NO.
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In the present study., the
variations can be examined hoth
down-plunge. Hell 2 dis the only uwell where the
sample distribution covers the entire opal-CT
zone. Figure 4 plots the d-spacing from this uell
as a function of depth. It also shous the general
Tithology types,
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Figure 4. Opal-cT d(101)-spacing variations in
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Mizutani (1977) demonstrated on a laboratory
scale the time and temperature dependence of the
diagenetic decrease in opal-CT d-spacing, a
finding which has been corroborated by many later
investigations (e.g., Pisciotta, 1978; Pisciotto,
1981; Isaacs, 1980; Isaacs, 1981a). A linear
regression of the Lost Hills data (Fig. 4)
reflects this overall decrease. Houwever, the
carrelation coefficient (0.67) is only fair. The
scatter of the data may be due in part to
measurement error, which should be no more than
about 0.01° 28 (corresponding to a d-spacing value
of +0.002 &) in the 21°-22° 29 range. But, since
the deviation of many of the data points from the
regression line is much greater than this, other
factors must be invalved, such as the chemical
environment of the siliceous material (i.e., the
bulk composition of the rock and the nature of the

pore fluids). Ho connate water sampies have been
obtained thus far in this study, so that aspect
cannot be pursued here. Houwever., there are

significant wvariations in mineral composition -
chiefly in the ratio of bicgenic silica to
detrital minerals (clay, feldspars, guartz) in the
opal-CT zone in Well 2. Kastner and others (1977}
have shoun experimentally that clay minerals
inhibit the formation of opal-CT from opal-A.
Isaacs (1981a) has shoun in geologic examples
that, although the transformation from opal-A to
opal-CT is retarded by the presence of clays, the
transformation from opal-CT to quartz is hastened.
Therefore, rocks of different 1lithology at the
same depth will have different d-spacing values -
as observed in Figure 4.

The second way to examine opal-CT
d(101)-spacing is to compare the same
stratigraphic interal at different depths of
burial (assuming no facies changes). fFor this, a
sample interval was chosen as close as possible to
a well 1log correlation marker (in this case the
lowermost one - Fig. 3} in order to sample true
stratigraphic equivalents, This interval is one
of the more biogenic silica-rich intervals in the
section. The resulting values are listed in Table
I.

TABLE I
Approximate Opal-CT
Pres.Temp. d(id1)-spac.
well pepth () (o) tA)
1 785 51 4,076
2 932 56 4.078
3 1146 63 4,060
4 1469 73 4.049

The sample from well 1, although structurally
highest, yielded a slightly lesser d-spacing value
than that of the well 2 equivalent. This is
probably due to differences in lithology. Well 1
sample is richer in clasties, and thus has a
lesser d-spacing than would a more siliceous
sample at this same depth. The samples from wells
2 through 4 are uniformly siliceous, houever, and
show a consistent decrease in d-spacing with depth
(i.e., increasing diagenesis). Because these
three samples are roughly equivalent in bulk
composition and age, the temperature effect here

is isolated. This suggests that simple perching
ot the opal-£T zone as postulated above will not
completely explain the opal-CT distribution as
there is increased ordering 1in the deeper opal-CT
zones. Depth of burial 1is being superimposed on
the fossil boundary.

QUARTZ CRYSTALLINITY INDEX

The quartz crystallinity index uwas determined
on selected samples, following the method of
Murata and Norman (1976). The QCI provides a
semi-qualitative estimate of the ratio af
authigenic to detrital quartz in a sample. X=ray
diffractometry of detrital quartz (uhich is
usually of igneous and metamorphic origin, and
therefore of highly ordered quartz structure)
reveals a quintuplet of sharp, distinct peaks
pbetwcen 67° and 699 28 (Cu Kad. Authigenic
quartz, uWhich is a recrystallization product from
poorly ordered opaline phases, shows a single

broad peak. Mixtures of detrital and authigenic
quartz yield intermediate diffraction patterns
CExY: 53 Murata and Norman quantified this

variation by measuring the relative height of one
of these peaks, the (212) at 67.74" 26, and
assigning values from 1 to 10, in order of
increasing crystallinity.
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Figure 5. Assignment of quartz erystallinity
values to diffractogram peaks. Peak
marked with star is quartiz (212) peak.
(Taken from Murata and Nerman, 1976)

In the present study, determinations were made
from a diffractegram run at 172%min. (chart speed

= 10 mm/min.J. Each sample was run tuwice and the
results averaged.



Table Il shows mean QCI values. Wells 5 and 6
are approximately at the same structural pasition,
as are wells 7 and &. Therefore the data from
these pairs are combined in Table I11.

TABLE 11
Quartz Crystallinity
Well Humber of Sample Bepth Index
Samples Intervals (m} mean stan.dev.
2 13 878 6.3 2.2
3 4 236 3.0 1.6
4 7 294 1.8 0.6
5+6 13 430 2.9 1.0
7+8 5 279 3.1 0.6

Well 2 samples show a high mean QCI, suggesting
many sampies from the well contain pPrimarily
detrital oquartz. The high standard deviation
suggestis a good deal of variability in detrital
quartz content, Most of the biogenie silica in
uell 2 samples 1is still in the opal-CT phase

accounting for the strong indication of detrital
gquartz component in QeI measurements, Doun-
structure in wells 3 and 4, most of the biogenic
silica has been converted to quartz. The QCI is
overprinted by poorly crystalline diagenetic
quartza, and therefore the mean QCI value is )ouwer
in these wells, with decreasing standard deviation

values, With increasing depth (melis 5 through
&), the diagenetic quartz is imore ordered in
structure, and the mean QCI rises once again,

uhile the standard deviation remains constant.
Murata and Norman (1976) have observed the same
effect of increasing bicgenic quartz crystallinity
With age in cherts of the Jurassic-Cretaceous
Franciscan Complex.

CONCLUSIONS

1. The point of complete conversion of opal-CT
to quartz should oceur at the same depth

(temperature) in areas of uniform heat flou. In
Lost Hills, this diagenetic boundary follous
subsurface structural contours. This suggests

that an earlier diagenetic boundary has been
tectonically deformed as the Lost Hills fold has
aroun at periodic intervals through the latest
Miocene to Pleistocene time (6raham and others,
this volume), Similar structural effects on
diagenetic boundaries have been documented by
Murata and Randall (1975) in the Temblor Range
near Taft. However, they found that equivalent
opal-CT rocks in the Gonyer Anticline shoued equal
d-spacing values. In  the Lost Hills field,
stratigraphically equivalent but structurally
Tower opal-CT rocks vield smaller d-spacings. It
the assumption of uniform heat flow across
structure holds, then in Lost Hills Wwe are seeing
the effect of continuing diagenetic equilibration
superimposed on the fossil diagenetic imprint.
The surface samples from the Gonyer Anticline were
uplifted earlier and to a greater elevation, and
therefore retain their eriginal diagenetic
imprint.
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The other alternative - that heat flow is nop-
unitorm din Lest Hills, but wvarjes with a
heterogeneous stress regime across the fold - ecan
not he addressed until more detailed thermal data
for the fieid has been compiled.

2. There is an overall pattern of opal-CT d-
spacing reduction uith increasing burial depth,
but the decrease is not monctonic. Perturbations
may be caused in part by variations in the bulk
composition of samples. A higher clay to biogenic
silica ratio may increase the rate of d-spacing
reduction in rocks at the same temperature. In
addition, there may be further effects, perhaps
due to carbonate and organic content, which have
not heen isolated or decumented as yet in  the
literature,

3. The progression of opal-a to opal=-CT to
microquartz is a good index for young (Cenozoie to
late Mesozoic) and  cool (€1009C)  siliceous
sedimentary recks. This could perhaps be extended
to older and hotter rocks by employing the quartz
erystallinity index. With increasing diagenesis
the QCI reduces to a minimum (upan  complete
conversion of opal-CT to quartzl, but it then
gradually increases as the biogenic quartz
advances to a more ordered state.

WORK IN PROGRESS

In addition to refining the results of this
study of silica diagenesis, work in  progress
focuses on diagenesis of associated organiec
matter. Pyrolysis data being compiled for these
Lost Hills samples will be combined with visual
kerogen analysis and vitrinite reflectance data to
determine the types of organic matter involved.
In addition, these pyrolysis data, coupled with
sedimentologic analysis of the samples, will
establish the paleo-environment in which the
organic matter was deposited initially. These are
the +tuo primary factors which determine the
potential source quality of a sedimentary rock
(Demaison and Moore, 1980).

The pyrolysis and optical analyses alsa will
determine the organic maturity of these organic-
rich rocks. At this juncture, the question of
using silica diagenesis as an indirect measure of
organiec thermal maturation can be addressced.
Preliminary application of Waples’” (1980) version
of the Lopatin method for determination of time
and temperature effects an petrolieum generation
suggests that the opal-CT/quartz boundary occurs
above the o1l uindou?. Combining the
independentiy-derived organic and inordanic data
for Lost Hills will determine if that is the case
in this field. If sa, it is possible that
dounhole changes in quartz  crystallinity index
after the guarts caenversion has cccurred could
instead be used to determine the pesition of the
“eil window” in this field.
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Every field which produces from the HMonterey
Formation is differant. varying in details of
clastic content. heat flow. structural timing, and
other factors. However, the techniques of this
study, if successful, could be applied easily to
other areas of interesi, such as the Belridge and
Buena Vista Fields in the San Joaguin VYalley, as
uell as fields in the Salinas basin, Santa Maria
basin, and offshore.
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