U.S. GEOLOGICAL SURVEY BULLETIN 2100




AVAILABILITY OF BOOKS AND MAPS OF THE U.S. GEOLOGICAL SURVEY

Instructions on ordering publications of the U.S. Geological Survey, along with prices of the last offerings, are given in the current-year
issues of the monthly catalog “New Publications of the U.S. Geological Survey.” Prices of available U.S. Geological Survey publications re-
leased prior to the current year are listed in the most recent annual “Price and Availability List.”” Publications that may be listed in various U.S.
Geological Survey catalogs (see back inside cover) but not listed in the most recent annual “Price and Availability List” may no longer be
available.

Reports released through the NTIS may be obtained by writing to the National Technical Information Service, U.S. Department of

Commerce, Springfield, VA 22161; please include NTIS report number with inquiry.
Order U.S. Geological Survey publications by mail or over the counter from the offices listed below.

BY MAIL

Books

Professional Papers, Bulletins, Water-Supply Papers, Tech-
niques of Water-Resources Investigations, Circulars, publications
of general interest (such as leaflets, pamphlets, booklets), single
copies of Earthquakes & Volcanoes, Preliminary Determination of
Epicenters, and some miscellaneous reports, including some of the
foregoing series that have gone out of print at the Superintendent of
Documents, are obtainable by mail from

U.S. Geological Survey, Map Distribution
Box 25286, MS 306, Federal Center
Denver, CO 80225

Subscriptions to periodicals (Earthquakes & Volcanoes and
Preliminary Determination of Epicenters) can be obtained ONLY
from the

Superintendent of Documents
Government Printing Office
Washington, DC 20402

(Check or money order must be payable to Superintendent of
Documents.)
Maps
For maps, address mail orders to
U. S. Geological Survey, Map Distribution

Box 25286, Bldg. 810, Federal Center
Denver, CO 80225

Residents of Alaska may order maps from

U.S. Geological Survey, Earth Science Information Center
101 Twelfth Ave., Box 12
Fairbanks, AK 99701

OVER THE COUNTER

Books and Maps

Books and maps of the U.S. Geological Survey are available
over the counter at the following U.S. Geological Survey offices, all
of which are authorized agents of the Superintendent of Docu-
ments.

e ANCHORAGE, Alaska-Rm. 101, 4230 University Dr.
* LAKEWOOD, Colorado-Federal Center, Bldg. 810

* MENLO PARK, California-Bldg. 3, Rm. 3128,
345 Middlefield Rd.

* RESTON, Virginia—USGS National Center, Rm. 1C402,
12201 Sunrise Valley Dr.

e SALT LAKE CITY, Utah-Federal Bldg., Rm. 8105,
125 South State St.

* SPOKANE, Washington-U.S. Post Office Bldg., Rm. 135,
West 904 Riverside Ave.

* WASHINGTON, D.C.-Main Interior Bldg., Rm. 2650,
18th and C Sts., NW.

Maps Only

Maps may be purchased over the counter at the following
U.S. Geological Survey offices:

* FAIRBANKS, Alaska—New Federal Bldg, 101 Twelfth Ave.
* ROLLA, Missouri-1400 Independence Rd.

+ STENNIS SPACE CENTER, Mississippi-Bldg. 3101



Paleomagnetic Analysis of
Miocene Basalt Flows in the
Tehachapi Mountains, California

By J.B. Plescia, Gary J. Calderone, and Lawrence W. Snee

U.S. GEOLOGICAL SURVEY BULLETIN 2100

New paleomagnetic directions and “Ar/*Ar extrusion ages from
Miocene basalt flows on the north flank of the
Tehachapi Mountains, Southern California

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1994



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY

Gordon P. Eaton, Director

For sale by U.S. Geological Survey, Map Distribution
Box 25286, MS 306, Federal Center
Denver, CO 80225

Any use of trade, product, or firm names in this publication is for descriptive purposes only and
does not imply endorsement by the U.S. Government

Library of Congress Cataloging-in-Publication Data

Plescia, Jeffrey B.
Paleomagnetic analysis of Miocene basalt flows in the Tehachapi Mountains,
California / by J.B. Plescia, Gary J. Calderone, and Lawrence W. Snee.
p. cm. — (U.S. Geological Survey bulletin : 2100)

Includes bibliographical references (p. ).

Supt. of Docs. no.: “119.3 2100.” 1. Basalt—California—Tehachapi Mountains.
2. Geology, Stratigraphic—Miocene. 3. Paleomagnetism—California—Tehachapi
Mountains. 1. Calderone, Gary J. II. Snee, Lawrence W. III. Geological Survey
(U.S.) 1IV. Title. V. Series.
QE75.B9 no. 2100
[QEA62.B3]
557.3 s—dc20 94-22229
[552' .26' 0979488 Crp



NN

—

CONTENTS

GEOLOZIC SEHNG ....vveeeererereerieiireeietereeeeteaeteassst bt sarssesesassssssesasssssesnstnsosesasessrsenn
GEOCHIONOIOZY ..ottt ittt e ettt be b ete st e s bsssasseb e e s e sanesssns
Field and Laboratory Methods............coveeieeeienecieeinireeeeeere et aeseesesseseesenes
Paleomagnetic ADALYSIS........ccvvvevereveiivrieieninieseisiesestesssesssesssessntesessssasesasessssesesessess
Discussion and COnCIUSIONS ..........cccouiviieiiieieeriiieere e ereeeere et eeeessse e s aasens
ACKNOWIEAZIMENLS .........oeeiieniiieeeicie ettt sttt sase st s et be s s st e s b ebansssans
References CIed.........ccoveiirireririiiiisceeriseeeseests e s ss e s s ste s s ssssssassssasansasensensnsns

FIGURES

Generalized geologic map showing location of Tehachapi Mountains and vicinity.................
Generalized geologic map of the StUdY Area..........c.ceeeieiiiiriciirieereeeeee et creeeaeesesene
“Ar/Ar age-spectrum diagram for flows DCB4, DCB5,and DCBI13............c.cococvevevveivenenen.
Alternating field demagnetization results of samples from flows DCB1 and DCB19..............

Mean directions and virtual geomagnetic poles from Miocene basalt flows in the Tehachapi

TABLES

OAr/PAr age-spectrum data for Miocene basalt flows from sites DCB4, DCB5, and DCB13

.......................................................................................................................

..................................

Mountains ................

Mean remanence directions, virtual geomagnetic poles (VGPs), and Fisher statistics of Miocene basalt flows

from the Tehachapi Mountains, Califomia................

IH






PALEOMAGNETIC ANALYSIS OF MIOCENE BASALT FLOWS
IN THE TEHACHAPI MOUNTAINS, CALIFORNIA

By J. B. Plescial, Gary J. Calderone?, and Lawrence W. Snee?

ABSTRACT

In an attempt to constrain the timing and extent of
clockwise vertical-axis tectonic rotation of the Tehachapi
Mountains, we have determined paleomagnetic directions
and isotopic dates from Miocene basalt flows exposed along
the northern flank of the range. “Ar/*Ar spectrum-analyses
yield an average extrusion age of 22.6+0.6 Ma. The paleo-
magnetic data set of 22 flow-mean directions and virtual
geomagnetic poles (VGPs) probably does not adequately
average the secular variation of the Miocene geomagnetic
field. Consequently, no tectonic significance may be
attached to the mean pole (in-situ: long 350.6°E., lat
54.9°N., Fisher (1953) semi-angle of 95% confidence,
A95=5.4°, Fisher (1953) best estimate of the precision
parameter, K=34.2; after tilt correction: long 9.6°E., lat
59.3°N., A95=5.7°, K=30.6) of the 22 site mean VGPs.
Although the result would permit post-Miocene clockwise
vertical-axis rotation of the Tehachapi Mountains, it neither
supports nor requires such rotation. Although not tectoni-
cally significant, it is interesting to note that the rotational
discordance (27.2°%£5.5° after tilt correction) is consistent
with rotation of the underlying Cretaceous granitic rocks.

INTRODUCTION

The Tehachapi Mountains of southern California are
the southernmost part of the Sierra Nevada batholithic ter-
rane and may represent the upended, structurally deepest
level of the batholith (Ross, 1985). Several geologic patterns

!Currently at Jet Propulsion Laboratory, California Institute of Tech-
nology, Pasadena, CA 91109.

2U.S. Geological Survey, MS913, P.O. Box 25046, Denver Federal
Center, Denver, CO 80225.

3U.S. Geological Survey, MS963, P.O. Box 25046, Denver Federal
Center, Denver, CO 80225.

in the Tehachapi Mountains trend northeast, apparently
deflected in a clockwise sense relative to the Sierra Nevada
where the trends are north-northwest (Ross, 1980; Burchfiel
and Davis, 1981). Paleomagnetic data (Kanter and McWill-
iams, 1982; McWilliams and Li, 1983, 1985) suggest that
these directional changes are the result of a tectonic rotation
of the Tehachapi Mountains.

Paleomagnetic analysis of the crystalline basement
rocks (Kanter and McWilliams, 1982; McWilliams and Li,
1983, 1985) suggests increasing clockwise rotation south-
westward across the range. Virtually no rotation is indicated
north of Tehachapi Valley, whereas rotation of more than
90° may have occurred to the southwest near Grapevine Can-
yon (McWilliams and Li, 1983).

The timing of the rotation has been only broadly con-
strained to postdate the rotated 80-120 Ma plutonic rocks.
These ages are based on U/Pb, K/Ar, and Rb/Sr analyses
(Sams and others 1983; D. B. Sams, oral commun., 1985;
Ross, 1983, 1989). Near Tehachapi Valley, the rotation must
have occurred prior to emplacement of the unrotated 16-18
Ma Kinnick Formation and associated volcanic rocks (Ever-
nden and others, 1964; corrected for new decay constants,
Dalrymple, 1979; Kanter and McWilliams, 1982; McWill-
iams and Li, 1985). It is uncertain to what extent this mini-
mum age also constrains the timing of rotation farther to the
southwest. In an attempt to constrain the timing and extent of
the rotation, a section of Miocene basalt flows which crop
out along the northern flank of the Tehachapi Mountains was
sampled for paleomagnetic analysis and for isotopic dating
(figs. 1 and 2).

GEOLOGIC SETTING

The study area is along the northern flank of the
Tehachapi Mountains, Calif., between Pastoria Canyon
to the southwest and Tunis Canyon to the northeast
(figs. 1 and 2). Within this area the volcanic rocks are

1
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Table 1. 40ArB9Ar age-spectrum data for Miocene basalt flows from Tehachapi

Mountains, Calif.

[T °C = degassing temperature. The total of 39Ar¢ and 40Ar, expressed in percent. 39Ar

expressed in moles X 10-13. K/Ca expressed as apparent K/Ca in mole/mole. Date expressed

as apparent date X 106 years and error as one standard deviation from the mean. J =

irradiation dosage ]

T°C Ar40/39  Ar37/39 A[36/39  39pr,  40pr,  39ar  K/Ca Date
DCB 4 Whole-rock basalt; sample weight = 0.9960 g; J = 0.005795
300 25900 0.6773 0.0839 0.6 4.4 0.39 0.77 11.9+0.3
450 4.087 0.7524  0.0075 6.5 47.3 4,17 0.69 20.1t0.1
600 3.082 0.8840  0.0029 10.6 74.2 6.78 0.59 23.840.1
750 2.359 1.1870 0.0009 18.9 92.8 12.00 0.44 22.740.1
1000 2.245 0.8874  0.0005 41.8 95.6 26.60 0.59 22.310.1
1450 2.635 3.2900 0.0018 21.5 89.3 13.70 0.16 24.410.1
TOTAL GAS DATE 22.8
PREFERRED DATE (600 °C - 1450 °C): 23.0+1.0
DCB5 Whole-rock basalt; sample weight = 0.9709 g; J = 0.005780
300 11.730 0.1845 0.0336 11.9 154 99 2.80 18.8+0.1
450 5.462 04776 0.0112 11.6 40.1 7.59 1.10 22.7+0.2
600 4.197 0.8088 0.0068 215 53.5 14.00 0.64 23.3+0.2
750 3.308 0.9989  0.0042 16.3 64.3 10.70 0.52 22.1+0.1
1000 2.864 15780 0.0029 19.5 73.9 12.70 0.33 21.9+0.1
1450 3.360 4.1600 0.0054 19.2 62.0 12.50 0.13 21.6+0.1
TOTAL GAS DATE 21.8
PREFERRED DATE (600 °C - 1450 °C): 22.3+0.7
DCB 13 Whole-rock basalt; sample weight = 0.9971 g; J = 0.005750
300 14.990 1.195  0.0442 1.5 13.4 1.09 0.44 20.610.3
450 2.949 0.8718 0.0034 8.9 68.4 6.35 0.60 20.8+0.1
600 2.930 09573 0.0022 9.5 79.7 6.77 0.54 24.110.1
750 2.445 1.2350  0.0008 16.5 93.7 11.80 0.42 23.610.1
1000 2.291 1.1920 0.0005 38.7 97.0 27.70 0.44 22.940.1
1450 2371 2.8280 0.0015 25.0 90.6 17.90 0.18 22.1+0.1
TOTAL GAS DATE 22.7
PREFERRED DATE (750 °C - 1450 °C): 22.9+0.9

well exposed, the geology is well mapped, and the struc-
ture is relatively simple. The structure becomes increas-
ingly complex to the southwest. The volcanic rocks of
the southern San Joaquin Valley are within the upper part

of the Tecuya Formation east of Pleito Creek and within
the upper part of the Temblor Formation west of Pleito
Creek (Nilsen, 1973; Nilsen and others, 1973; Nilsen
and Clarke, 1975). The Tecuya and Temblor Formations
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interfinger and are coeval marine and continental depos-
its, respectively.

Northeast of Pastoria Canyon (fig. 2) the volcanic rocks
are unconformably overlain by an unnamed conglomerate
(Dibblee, 1973) which may be correlative with the Bena
Gravels to the north and northeast (Bartow and Dibblee,
1981; Bartow, 1984; Bartow and McDougall, 1984). In the
study area the Tecuya Formation unconformably overlies
marine rocks of the Eocene Tejon Formation, and they in
turn overlie compositionally heterogeneous basement rocks
(Dibblee, 1973; Ross, 1980, 1983, 1989).

The basalt flows dip 10°~ 25° to the northwest and crop
out along the range front in a series of northeast-striking hog-
backs. Because of the patchy nature of outcrops in the
hogbacks, however, we could not discern an unambiguous
flow-by-flow stratigraphy within the basalt flows. This lack
of known internal stratigraphy limits our ability to rigorously
analyze the paleomagnetic data in this report.

GEOCHRONOLOGY

Samples from three flows (DCB4, DCBS, and
DCB13; fig. 2) were analyzed for “*Ar/*Ar dating. These
relatively unaltered samples were ground and sieved and
the 180-250 pm whole-rock size fraction was treated
with 10 percent HCI to remove secondary calcium carbon-
ate. Standard procedures were used in this experiment as
described in Dalrymple and others (1981) and Snee and
others (1988). The samples were irradiated to produce
®Ar from ¥K. After irradiation, each sample was progres-
sively heated under vacuum in six temperature steps from
300 °C to 1,450 °C. For each temperature step, the
released argon was analyzed by mass spectrometer and an
apparent age was calculated. Decay constants used are
those of Steiger and Jdger (1977). The geochronologic
standard used was MMhb-1 homblende with an age of
519.4 Ma (Alexander and others, 1978). The argon age-
spectrum data are presented in table 1 and figure 3.

In general, all three age spectra show minor internal dis-
cordance, and no “plateaus” are present; therefore, a pre-
ferred date was calculated for each sample. The preferred
date is an average of all contiguous temperature steps that
contain more than 10 percent of the total 3°Ar released from
the sample and that have greater than 50 percent radiogenic
argon (**Arg). The preferred dates for flows DCB4, DCBS,
and DCB13 are 23.0+1.0, 22.31£0.7, and 22.940.9 Ma,
respectively. Since these dates are statistically indistinguish-
able from each other, the average date of 22.630.6 Ma is the
best estimate for the extrusion age of these basalt flows. This
age is statistically identical to that determined by Turner
(1970), about 22.5 Ma, for samples from the same strati-
graphic unit in the San Emigdio Mountains to the west. The
volcanic rocks in the San Emigdio Mountains have K-Ar

dates of 22.1-25.2 Ma and an average of 22.5 Ma (Turner,
1970; corrected for new decay constants, Dalrymple, 1979).

FIELD AND LABORATORY METHODS

Twenty-five basalt flows between Pastoria Canyon and
Tunis Canyon were sampled for paleomagnetic analyses
(figs. 1 and 2). Seven to fifteen oriented cores were collected
from each site (flow) using a portable rock drill. Both sun
and magnetic compasses were used to orient all cores.
Because solar and magnetic azimuths had local discrepan-
cies of as much as 20°, solar azimuths were used in all orien-
tation calculations.

Natural remanent magnetizations (NRM) of the sam-
ples were measured on a two-axis superconducting magne-
tometer. Sample NRM intensities average about 5.7 amperes
per meter (Am!). Progressive stepwise alternating field (AF)
demagnetizations were performed on two or three pilot spec-
imens from each site. Median destructive fields ranged from
about 15 to >100 milliTesla (mT), averaging about 37 mT.
Many specimens contained both low- and high-coercivity
components of magnetization (fig. 4). The low- to moderate-
coercivity components have steep inclinations (about 60°)
and northerly declinations (about 350°), and they are remov-
able by AF demagnetization at a peak field of 20 mT. These
components are most likely viscous remanent magnetiza-
tions (VRM) acquired during the present-day geomagnetic
field. The stable high-coercivity components, isolated by AF
demagnetization to peak fields of >20 mT, are almost cer-
tainly high-temperature thermal remanent magnetizations
(TRM) acquired at the time of extrusion.

Stepwise progressive thermal demagnetizations, at
temperatures as high as 600 °C, were also run on pilot spec-
imens for comparison with the AF demagnetization behav-
ior. The directions determined by principal component
analysis (Kirschvink, 1980) of the thermal trajectories are
indistinguishable (at the 95 percent confidence level) from
trajectories determined by AF analysis. The similarity of the
AF and thermal demagnetization data supports the interpre-
tation that the high-coercivity components of magnetization
are indeed TRM. The thermal demagnetization analysis indi-
cates unblocking temperatures of 400-580 °C, suggesting
that magnetite is the principal carrier of remanence.

On the basis of the demagnetization behavior of the
pilot specimens, all samples were AF demagnetized in peak
fields of 2040 mT, a level sufficient to completely remove
the secondary VRM. The few specimens for which a mean-
ingful direction could not be isolated were deleted from the
data set. Samples from three sites in this same section were
independently collected and analyzed by M.O. McWilliams
(written commun., 1985) and exhibit directions similar to
those reported here.
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After magnetic cleaning, a mean direction and Fisher
(1953) statistics were calculated for each flow (see table 2
and figure 5A) in both tilt corrected and in-situ coordinates.
Using the mean directions and the standard dipole formula,
a mean virtual geomagnetic pole (VGP) was calculated for
each flow (table 2 and figure 5B).

PALEOMAGNETIC ANALYSIS

Critical examination of the data in figure 5 and table 2
reveals several problems with the data set of site mean

paleomagnetic directions and VGPs both before and after
tilt correction.

(1) There are several groups of flows within which indi-
vidual flow directions are statistically indistinguishable at
0.99 probability using the test of McFadden and Lowes
(1981). This coincidence of directions within groups of
flows may be the result of (a) rapid extrusion of multiple
flows recording the same geomagnetic field direction; (b)
multiple flows recording similar but independent directions
of the geomagnetic field as would be common near the mean
of Fisher-distributed vectors; or (c) both causes. Lacking
firm control of the internal stratigraphy we cannot
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open circle = upper hemisphere projection). Note scatter of initial natural remanent magnetization (NRM) directions
along great circle containing present field directions. (C) Vector demagnetization diagram showing univectorial decay
of remanence toward origin during progressive AF demagnetization; squares represent the projection of the magnetic
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Table 2. Mean remanence directions, virtual geomagnetic poles (VGPs), and Fisher (1953) statistics of Miocene basalt flows from the Tehachapi Mountains, Calif.

[Lat and Lon are the north latitude and east longitude of the site. D-Level is the alternating field demagnetization treatment in milliTesla. Dec and Inc are the components of the site mean
direction. a95, and k are the parameters of Fisher (1953). Plon and Plat are the coordinates of the VGP calculated from Dec and Inc using the standard pole transformation. Dm and dp are the

axes of the the 95% confidence ellipse around the VGP. cDec and cInc are the components of the mean direction after tilt correction . cPlon and cPlat are the coordinates of the tilt corrected VGP

calculated from cDec and cInc using the standard pole transformation. N is the number of specimens used to calculate the mean. GN is the cooling unit group to which each flow belongs ]

Flow
DCBI
DCB2
DCB3
DCB4
DCB5
DCB6
DCB8
DCB9
DCBI10
DCB11
DCBI12
DCBI13
DCB14
DCBI15
DCB16
DCB17
DCBI18
DCBI19
DCB20
DCB21
DCB22
DCB23
DCB24
DCB25
DCB26

Lon(°)
241.17
241.20
241.16
241.16
241.16
241.16
241.16
241.22
241.21
241.21
241.18
241.17
24121
241.21
241.21
241.21
241.21
24121
24121
24121
241.21
241.16
241.17
241.18
241.18

Lat(°) D-Level

34.95
34.96
34.94
34.94
34.94
34.94
34.94
34.97
34.97
34.97
34.96
34.95
34.97
34.97
34.97
34.97
34.97
34.96
34.96
34.96
34.96
34.94
34.94
34.96
34.96

30
20
30
40
20
40
20
30
30
30
20
30
30
30
20
40
30
40
20
40
30
30
30
20
30

Dec(®)
232.1
205.3
204.7
211.5
201.8
196.4
200.6
204.3
211.8
200.1
346.8
233.0
202.0
226.0
223.5
222.6
222.5

39.6

32.9
28.1
30.5
231.2
242.1
340.3
341.2

Inc(®)
-17.1
-24.1
-41.1
-39.3
-44.4
-41.7
-46.0
-27.2
-26.2
-31.4

-33
-18.1
-22.8
=273
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PALEOMAGNETIC ANALYSIS

Figure 5. Mean directions and virtual geomagnetic poles (VGPs) from Miocene basalt flows from the Tehachapi Mountains,
Calif. (A) Equal-area projection of in-situ site mean directions (solid circle = lower hemisphere projection; open circle = upper
hemisphere projection). (B) Northern hemisphere polar projection of all site mean VGPs from this study. Solid circles are northern
hemisphere VGPs. Open circles are the antipodes of southern hemisphere VGPs.
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distinguish among these possibilities. Rapid extrusion has
probably produced at least three of the groups (groups 5, 8,
and 15, table 2). Other groups (group 2), however, cannot be
interpreted because of inadequate stratigraphic control.
Consequently, we cannot objectively establish the number of
independent cooling units represented by the 25 site mean
directions. This in turn, hampers our ability to establish
meaningful estimates of both the mean direction and its con-
fidence limits.

(2) Using the graphical methods of Lewis and Fisher
(1982), flows DCB12, DCB2S5, and DCB26 (group 15, table
2) represent statistical outliers to the rest of the paleomag-
netic directions. These flows may record a short-term excur-
sion of the geomagnetic field.

(3) After removal of the outlying directions, the distri-
bution of remaining directions (corrected for tilt) is roughly
Fisherian, using the tests of Lewis and Fisher (1982) and
McFadden (1980a). The resulting distribution of site mean
VGPs, however, is streaked perpendicular to the meridian
connecting the locality and the mean pole position (figure
5B). This streaking may be the result of (a) inadequate aver-
aging of paleosecular variation; (b) tilt correction errors; or
(c) both causes. In this case, however, we can attempt to dis-
tinguish between possibilities. The methods of McFadden
(1980b; see Calderone, 1988, and Calderone and others,
1990, for details) using the McFadden and McElhinny
(1984) model of paleosecular variation at 95 percent confi-
dence predicts an angular dispersion between 10° and 20° for
VGPs from the latitude of the Tehachapi Mountains. The
total angular dispersion (14°- 18°) of site mean VGPs (in-
situ or tilt corrected) is well within this predicted range. Only
about 6° of the observed dispersion, however, is parallel to
the paleomeridian connecting the Tehachapi Mountains to
their mean pole. Consequently, it is unlikely that the data
average the secular variation of the Miocene geomagnetic
field. Improper structural corrections may also contribute to
the overall dispersion of VGPs.

DISCUSSION AND CONCLUSIONS

Paleomagnetic results from 22.6+0.6 Ma basalt flows in
the Tehachapi Mountains are inconclusive. The data set of
directions and VGPs, tilt corrected or not, probably does not
adequately average the secular variation of the Miocene geo-
magnetic field. Consequently, tectonic significance may not
be attached to the mean pole (long 350.6°E., lat 54.9°N.,
A95=5.4°, K=34.2; after tilt correction, long 9.6°E., lat
59.3°N., A95=5.7°, K=30.6) of the 22 site mean VGPs (out-
liers from flows 12, 25, and 26 removed). Thus, although
these results would permit post-Miocene clockwise rotation
of the Tehachapi Mountains, they would neither support nor
require such rotation. The rotational discordance (Beck and
others, 1986; Demarest, 1983) of 37.7°t+5.4° before tilt

correction and 27.2°15.5° after tilt correction (using the
North American reference pole calculated by Hagstrum and
others, 1987) is consistent with that of the underlying Creta-
ceous granitic rocks (Kanter and McWilliams, 1982;
McWilliams and Li, 1985). If the rotational discordance
could be shown to be tectonically significant, then the age of
these basalt flows and the age of the unrotated Kinnick For-
mation (Kanter and McWilliams, 1982) may constrain the
timing of rotation to be between 23 and 16-18 Ma. Further
investigation, however, will be required to constrain the tim-
ing and extent of rotation in the Tehachapi Mountains.
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