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Abstract. In the Desert Range of southern
Nevada, miogeoclinal sedimentary rocks, mostly
shallow-water limestones of latest Precambrian
through Early Ordovician age, yield three com-
ponents of magnetization having different hblock-
ing temperature spectra: (1) 2 low blocking tem-
perature component near thes direction of the
present axial-dipole field; (2) an intermediate
biocking temperature component with northerly
declination and inclinmation ~+60°; and (3) a
characteristic component with southeasterly dec-
linaticn and inclination ~-20°. Combinations of
alternating field and thermsl demagnetization
indicate that the intermediate and characteristic
components reside io magnetite. The intermediate
magnetization probably reflects a viscous partial
thermoremanent magnetizationm (VPTRM) imposed be-
tween the Late Cretaceous and mid-Cenozeic; it
was probably acquired when the strata were dip-
ping slightly eastward. The characteristic mag-
petization is probably a VPTRM imposed during
regional wplift in the Late Permian. The degree
of heating required to have destroyed any primary
magonetization is consisteat with the conodont
telor alteration index observed in the Ordovician
rocks; additionally, the characteristic magneti-
zation in those rocks is younger than bedding
disruption caused by major, late stylolitizatiom.
Red-purple mudstones from the middle member of
the Wood Canyon Formationm, in which a direction-
ally similar characteristic magnetization resides
in fine-grained hematite, also appear to have
been remagnetized; in these rocks, the remagnet=-

ization probably reflects partial recrystalliza-.

tion, as the blocking temperatures are too high
to have been reset by burial heating. The sampled
sections have undergone relative tectonic rota-
tion about a vertical axis, consistent with late
Tertiary oroflexural bending that had been pro-
posed on independent geclogic evideace. The
characteristic magnetization probably provides a
reliable estimate of the magnitudes of the ver-
tical axis rotations, as the regional geology
suggests the Desert Range strata were essentially
borizontal throughout the Paleczoic. The total
ocbserved relative rotation is 44°%5°, represent-
ing absolute counterclockwise rotation (27°%4°)
of the northern part of the Desert Range, and
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absolute  clockwise rotation (17°%5°) of the
southern part. The only unit in the Desert Range
sequence that may retain a primary magnetization
is the late Precambrian Rainstorm Member of the
Johnnie Formation. The characteristic magneti-
zation of this unit exhibits two polarities and
probably resides in specular hematite; after
correction for 18" of counterclockwise rotation,
the resulting pole (5°N, 151%E) is near other
late Hadrynian poles from North America.

Introduction

This paper reports an extensive follow-up
study on the paleomagnetism of some late Precam-
brian and early Paleozoic strata in the Desert
Range, Nevada, where a spectacular miogeoclinal
section spanning the Precambrian-Cambrian bound-
ary is exposed. Results from the initial study
have been reported in several abstracts and in
two previous papers [Gillett and Van Alstine,
1979; Van Alstine and Gillett, 1979a]. We ten-
tatively conclided tkat primary magnetizations
exist in many of the strata and that 36° of
¢clockwise rotation of the Desert Range occurred
with respect to the craton. It will be shown in
this paper that these conclusions must be
modified.

This paper incorporates data from the pro-
gressive demagnetization of over 500 new samples,
as well as additionmal magnetic experimeats per-
formed on' duplicate specimens from the earlier
samples. Extensive petrographic study on both
old and new samples has also been done, and de-
tails of the petrography where textural relations
are particularly important in interpreting the
magnetizations are presented elsewhere [Gillett,
1983a,bl.

The geologic setting of the Desert Range is
rather complex (Figures 1 and 2) {Gillett and Van
Alstine, 1979; Guth, 1981]. Briefly, pre-Meso-
zoic¢ strata in the area are miogeoclinal facies
of the Cordilleran geesyncline and range in age
from late Precambrian. to Permian. Little tec~
tonism affected the area ustil the end of the
Paleozoic. Cretaceous thrusting from the Sevier
Orogeny is prominent, as is late Tertiary Basin
and Range normal faulting. A right-lateral fault
zone, the Las Vegas Shear Zone, occurs to the
south of the Desert Range, and a left-lateral
shear system, the Pahranagat Shear System
[Tschanz and Pampeyan, 1970] trends westward
toward the northern part of the range (Figure 1).
Wright [1976] suggests that the Pahranagat Shear
System and the Lag Vegas Shear Zone are conjugate
faults.  Albers [1967] proposed large-scale,
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Mapping of geologic structures adapted from Longwell et al. [1965])

U and V represent sampling sites south and porth of the main sampling
and Tshanz and Pampeyan {1970].

Geographic and tectonic setting of the Desert Range,

Figure 2.
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sampling was conducted.

clockwise tectonic bending ('oroflexural bend-
ing') to account for curves in the trends of
isopachs, Mesozoic structural features, and the
topographic expression of the ranges themselves
as they near the Las Vegas Shear Zone. Accom-
modation of displacement by such bending could
also account for the lack of left-lateral strike
slip offset from the Pahranagat Shear System in
the northern Desert Range. The faulting and the
oroflexural bending were both active in late
Tertiary time.

This paper presents paleomagnetic data from
the Carrara Formation (Lower and Middle Cam-

Fig. 2. Generalized geologic map of part of the Desert Range, where most paleomagnetic
Geology by S. L.

Gillett and D. R. Van Alstine, 1975-1979.

brian), the lowermost Bonanza King Formation
(Middle Cambrian), the uppermost Bonanza King
Formation (Upper Cambrian), the upper Nopah For-
mation (Upper Cambrian), and the Goodwin Lime-
stone (Lower Ordovician). In addition, data are
presented on a secondary magnetization in an
upper Precambrian limestone unit tentatively re-
ferred to the Noonday Formation.

Sampling, Laboratory, and Statistical Procedures

Oriented block samples were collected using a
technique described by Gillett and Van Alstine
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[1979]. Generally, one block sample was col-
lected from each sampled bed, and two cylindrical
cores 2.5 cm in diameter were drilled from most
blocks. Initially, a single specimen 2.5 cm long
was trimmed from each core; duplicate specimens
for additional demagnetization experiments were
cut as needed. Trimmed carbonate specimens were
rigsed briefly with dilute HCl to remove possible
magnetic contamination resulting from the dril-
ling and sawing. Magnetic measurements were made
on 5¢T superconducting rock magnetometers inter-
faced with computers; the systems used have
background noise levels of less than 1 X 10 10 4
w2 (1 x 10 7 emu) and allow immediate, on-line
data reduction.’

Progressive thermal and/or alternating field
{(af) demagnetization was performed on all sam-
ples. Initially, thermal - demagnetization had
been done in a noninductively wound electrical
oven shielded from the Earth's ambient field only
with Helmholz coils. Although spot checks of the
field within the sample area showed variations of
the order of 10-15 aT (1 nT = 1 y), it is certain
that some spurious components were imparted by
this oven; manv samples treated in this oven have
erratic demagnetization paths. Different elec-
trical ovens, in which the shielding is accom-
plished by nested sets of p-metal cylinders, were
used for all subsequent thermal demagnetization
work. These systems are much more reliable than
the previous one, as evidenced by very smooth
demagnetization paths observed in samples demag-
netized with them. Irrespective of the oven
used, specimens were always placed with noneys-
tematic azimuthal orientations during demagneti-
zation, so that systemati¢ spurious components
could pnot be imparted.

The af demagnetization was done mostly with a
Schonstedt GSD-1 nontumbling demagnetizer but in
part with a Schonstedt GSD-5 tumbling demagneti-~
zer. The GSD-5 reverses the sense of tumbling
about every second, further minimizing the pos-
sibility of imposing spurioys magnetizations.

Bulk susceptibility was measured on a large
oumber of samples, as it is useful in monitoring
possible chewmical changes occurring during ther-
mal demagnetization [e.g., Turner, 1975). Sus-
ceptibilitjes were measured using the cryogenic

magnetometers, as described by Gillett et al.
[1982].
Progressive demagnetization data from all

specimens were plotted by computer, using a mod-
ification of Zijderveld's [1967] demagnetization
diagrams similar to that employed by Roy and Park
[1974]). Components of magnetization were identi-
fied visually on the demagnetization diagrams and
a least squares line fitted to them as described
by Gillett et al. [1982]. The computer search
technique of Kirschvipk [1980] was not employed,
ags it yielded estimates of components that were
somevhat biased by curved parts of the demagnet-
ization path.

in the previous two papers [Gillett and Van
Alstine, 1979; Van Alstine and Gillett, 197%a),
repregsentative directions for each formation were
calcnlated from a modal analysis technique de-
veloped by Van Alstine [1980]. In most cases the
distributions of directions were skewed, probably
because of the incomplete removal of secondary
components; in such cases a mode is a better es-
timate of central tendency than the mean. Io
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this paper, Bingham statistics [Bingham, 1974;
Onstott, 1980] bave been used as a guide to where
modal anslysis may be appropriste [Gillett et
al., 1982]. In a few cases, modes were also
calculated where the Fisher 95% confidence angles
are large (>10°). Finally, obvious outliers were
discarded before statistical analysis was begun
when the wector diagrams indicated anomalous
demagnetization behavior.

To supplement the magnetic work, an unweath-
ered, trimmed end from each core was polished and
examined under a binocular microscope. For
limestones, such a polished section was also
etched with dilute {(~5%) HCl. In many cases,
large polished sections were made from the blocks
remaining after the samples were drilled. About
100 thin sections were also examined under re-
flected and transmitted light; a number were also
examined with cathodoluminescence, using a Nu-
clide Corporation Luminoscope. The goals of the
petrographic work were (1) to define the various
lithologic types present, checking for correla-
tions between rock type and magnetic behavior,
and (2) to seek textural features that might
constrain the timing of magnetization.

Results
Noonday{?) Formation

During this investigation, a thick oolitic
limestone was discovered stratigraphically un-
derlying the oldest beds of the Johnnie Formation
that were described by Stewart and Barnes [1966].
Tentatively, this limestone is correlated with
the Noonday Dolomite that underlies the Johnnie
elsewhere in the southern Great Basin [Stewart,
1970); the occurrence of a unit correlative with
the Noonday in this area bad been suggested by
Longwell (quoted by Tschanz and Pampeyan [1970,
p. 12]). Therefore, this limestone will be re-
ferred to as the Noonday(?) Formation.

The Noonday(?) was sampled at section A
(Figure 2; Table 1). The Noonday(?) samples were
subjected to progressive af demagnetization at
five steps between 10 and 75 wl, as well as to
progressive thermal demagnetization at 250°C and
320°C, continuing in some cases to over 600°C.
The directions of natural remanent magnetization
(NRM) in the Noonday(?} are generally near that
of the present axial dipole field (PADF) at the
site, but the distribution is somewhat skewed to
the northwest. At 250°C, the drop in magnetic
intensity ranges from slight to pronounced, and
the directions of most samples move farther to
the northwest; in turn, there is a modest to very
large drop in intensity at 320°C (Figure 3a).
Above 320°C, the Noonday(?) displays a two-
polarity, high blocking temperature magnetization
aligned essentially parallel and antiparallel to
the PADF.

The northwesterly skewing of remanence direc-
tions at low thermal demagnetization steps re-
flects an intermediate blocking temperature mag-
netization which has northwesterly declimation,
positive inclipation, and a blocking temperature
of <320°C. The direction of this component was
estimated as the subtracted vector between the
250° and 320°C =steps (Figure 3b and Table 1),
This magnetization greatly resesbles an inter-
mediate blocking temperature magnetization found
in the Paleozoic limestones, as discussed below,
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The af demagnetization resulted generally in
little to po intensity decay, suggesting that the
PADF component present in NRM at least partly re~
sides in some species with high coercivity. This
speciege igs probably goethite resulting from re-
cent weathering, as the PADF direction is readily
destroyed by thermal demagnetization to less than
200°C.

The high blocking tempersture magnetization of
the RKNoonday resembles that in the lower two
thirds of the overlying Johnnie Formation; it is
a two-polarity remanence, residing in hematite,
that apparently reflects Tertiary chemical re-
magnetization [Van Alstine and Gillett, 1979bl.

Lower Carrara Formation

Several sedimentary cycles, each tens of me-
ters thick, characterize the Carrara Formation of
Early and Middle Cambrian age [Palmer, 1971].
Each cycle includes fine-grained, terrigenous
rocks (siltstones and shales, with miner quartz-
ite} in the lower part that grade to limestone in
the upper part. On the basis of these cycles,
Palmer and Halley [1979) divided the Carrara into
oine members; Gillett and Van Alstine [1979) re-
ported paleomagnetic data from the lower seven
members (Group I} separately from the upper two
(Group II). .

Gray limestones, irrespective of their de-
tailed type, gave the most consistent paleomag-
netic results from the Carrara, yielding a south-
easterly ‘characteristic' [Zijderveld, 1967)
direction with shallow pegative inclination. Re-
examination of the vector diagrams for all
Carrara specimens shows that the demagnetization
paths for thermally demagnetized specimens are
quite erratic, probably from imposition of spur-
ious components of magnetization by the old
thermal demagnetization oven; hence, the charac-
teristic component of these samples cannot be
estimated by fitting a least squares segment to
the demagnetization path. For this reason, the
mode of directions calculated by Gillett and Van
Alstine [1979], which was derived from specimens
that had undergone combined thermal and af de-
magnetization, probably remains the best estimate
of the Carrara Group I characteristic direction
(Table 1)}.

An intermediate blocking temperature compooent
of magnetization is also present in the Carrara
limestones. This component has been estimated as
the mode of subtracted vectors between the 200°
and 300°C thermal demagnetization steps (Figure
4a and Table 1). Thisz component is less affected
by the imposition of spurious magnetizations, as
its intensity is much larger than the character-
istic component. Af-following-thermal demagnet-
ization experiments (as discussed below) on five
duplicate specimens suggest that this intermedi-
ate component resides in a species with moderate
coercivity, but these experiments did not cleanly
separate’ this cowmponent from a low coercivity
component roughly aligned with the PADF.

Upper Carrara and Lowermost Bonanza
King Formations

The upper two members of the Carrara Forma-
tion, the Jangle Limestone and the argillaceous
Desert Limestone, define the limy upper part and

"mostly dark gray lime mudstone.
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shaly lower part of the fourth and fifth sedi-
mentary cycles, respectively, The Carrara is in
turn conformably overlain by the Bonanza King
Formation, am immense gection of carbopate rock
that is of Middle and Late Cambrian age. The
lowermost part of the Bonanza King, immediately
above the Desert Limestone, roughly defines the
top of the fifth large-scale sedimentary cycle,

In the original study the upper Carrara and
lowermost Bonanza King Formations were sampled at
section O (Figure 2; Table 1). Additional sam-
ples have now been collected in both the lower
Jangle Limestone and lowermost Bonanza King For-
mation at section V (Figure 1) to test the infer-
red 36° clockwise rotation of section O [Gillett
and Van Alstine, 1979).

Detailed descriptions of the Jangle Limestone
and lowermost Bonanza King Formations are given
by Gillett [1983a) and are only summarized here.
Both the lower part of the Jangle Limestone,
where paleomagnetic sampling was concentrated,
and the lowermost Bonanza King Formation are
Gray, oeolitic
grainstone is locally common in the Jangle,
whereas pods, stringers, and laminae of orange,
limonite~stained dolomite are common in the

‘Bonanza King.

In both sampled sections, 2 large breccia zone
extends from about the middle of the Jangle
Llimestone locally up several tens of meters into
the lowest Bonanza King Formation. This breccia
probably results from collapse of an ancient cave
[Gillett, 1983a]. Blocks of the host limestone
in the brecciz afforded the possibility of a
conglomerate test [Graham, 1949) for comstraining
when the magnetizations were acquired. Hence, at
section O about 100 samples were collected in
breccia blocks and their matrix, and about 20
samples were also collected in an unbrecciated
part of the upper Jangle. The results of the

conglomerate tests are presented by Gillett
[1983a}, and their significance is discuossed
below.

Data from section V will be presented first,
as more extensive demagnetization was -done on
these rocks and the demagnetization paths are
much smoother, probably because the Dbetter
shielded ovens were used. Experience with car-
bonate rocks from the Desert Range indicated that -
they responded very well to thermal demagoetiza-
tion. Hence, all specimens from the Jangle and
Bonanza King were subjected to progressive ther-
mal demagnetization at 10 steps between 150° and
500°C.

Nearly all samples had NRHM directions very
near that of the PADF. Thermal demagpetization,
however, revealed that at least three components
of magnetization are present in these limestones
{(Figure 5a): (1) a component roughly aligned
with the PADF that has & very low blocking tem-
perature (<200°C} or chemical stability limit;
(2) a component of intermediate thermal stabil-
ity, isolated between 200° and 350°C, with north-
westerly declination and moderate positive in-
clination; and (3) a characteristic component,
isolated between 400° and 500°C, with 10-20% of
the NRM intensity, & stratigraphic ('dip-
corrected’') declination near 120°, and a shallow
pegative inclisation.

Least squares fits were made to the linear
segments representing the intermediate and char-
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TABLE 1. Summary of Paleomagnetic Results From Late Precambrian

Interwediate Magnetization

Rock Unit Sec~ Average Attitude  Geographic Coordinates - Stratigraphic Coordinates
{Abbreviation) tion
(Strike, Dip) b I k “95 N,htot b 1 k u95 N/NLDL
tNoonday(?) Formation A 337° 31°E 293° 47° --- 1° 91/123 336° 59° -~ 17 108/123
{Nd) (kl = =16.,3, kz = -7,1) (kI = ~18.0, k2 2 =7.1)
fb° = 26.5%, g° = 352} (b = 34.1%, g° = 352)

Rainstorm Member H,I, 344° 51°E  ew-cccccmscscmmccmmcocs acceeas RO —— —-—
Johnnie Formation J
¥Weod Canyon Formation M 3569 S8°E e e e e e mmerrrsec st ———
middie member (W)
tlower Carrara R 351° 43°F 296°% 44° --= 2° 24/89 1 64° —-- 2° 27/89
Formation, } {kl = -13,6, k2 = ~7.4) 4(k1 = -11.1, 2 = +«6.3)
Group 1 (L) (b” = 10,1%, g° = 266} (b” = 9.1%, = 217)
Carrara Formation, 1] 351°  4BOE 304% 43° B9 B°  7/7 : 7° 59° 66 7° /7
iower Jangle (k] = =73, k2 = ~40) (k1 = «76, k2 = -26)
Hember only _ (b" = 0.8, g° = 155) (b” = 2.7, g = 98)
Carrara Formation, v 329° 46°E 283° 32° 223 2° 32/33 325° 54° 248 2° 32/33
Jangle Member (kl = =154, kz = =53) (kl = =140, kz = =119)
only (3V) (b> = 2.1, g“ = 1518) (b = 0.2, g~ = 1947
Group II (Jangle Hember O 352° 47°E 305° 42° 49 4° 28/28 &% 58° 4p . 4&° 28/28
+ lowermost Bonanza (kl = =35, kz = -22) (k1 = =34, kz = -21)
King Foermation.) (b = 1.8, g° = 368) (b™ = 2.3, g~ = 338)
1(II, characteristic enly)

Lowest Bonanza King 0 356°  42°E 303¢° 42° -=-- 3* 5/7 19 BB® --- 3%  §/7
Formation, intra- (kl = 683, kz = =-150) (kl = -1504 k 2 = ~23}
formational conglomerate (b” = 6.5%, g = 430) (b™ = 8.2%, g" = 78)
Lowest Bonanza 4] 351° 48PE emme- Trrevcasssssssnsrn 0 Geeesee e cescsseme e
King Formation

Group 1I, all rock 0 357° 47°E 305 42° 57 3° 42/42 4° 57“ 49 3% 42742
types (k = =41, kz = ~26) ( = =3 , kz = -23)
t{II, iotermediate only) (b = 2.4, g~ = 514) ( = 1.4, g° = 451)
fLowest Bonanza King v 333° 21°E 288° 42° --=- 2° 33/45 323° 57° --=- 3% 41/45
Formation (k1 = ~1135, kz = -22) (k1 = ~BS, kz £ ~20)
{BKV) (b™ = 3%, g~ = 443) (b = 27%, g~ = 350}
tUppermost Bonanza Q 327  25°E Mode:

King Formatien; bio- a22° 61° --- 3° 11722 6° 54% --- 4° 12/22
mere boundarzy (327° 61° 7 13° 22/22) (6® 53° 7 13® 22/22)
(see text). (k = -8.1, k2 = «5.59) (k = -E 3, k2 = ~5.7)
{BQ) (b = 1.1, g° = 44) (! = 1.0, g° = 45).
{Uppermost Bonanza . u 7°  36°E 326% 57° 50 3% 44/44 33 63° 55 3° 44144
King Formation, bio- (k1 = =41, k = ~20) {k = kz = =24)
mere boundary. (BU) {(b> = 5.8, g = 423) (b = 3.5, g° = 497)

As above u 7°  36°E -- e —reememee e
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and Early Paleozoic Strata in the Desert Range, Southern Nevada
Characteristic Hagnetization Angle
A Dec
Geographic Coordinates Stratigraphic Coordinates
Inter~ Charac- Remarks
D I k 095 H/Ntot D I k s Nlﬂtot mediate teristic
e s=msemccsccssssccasces  mmeee =2($7¢ mece-s  [ptermediate  magneti-
zation estimated from
vector, 250°=-320°C.
78° 52% <<= oo e-ee- 787 1% ~e- eee mm— em=e- =-=-=-  «=--=-=  Average of N and R po-
(Pole: 10°5, 162°E) larity, Van Alstine and
96° 1° (after 18° cew rotation correction--see text) Gilletr [1979a].
(Revised pole: 5°N, 1I51°E)
139° 40° --- 2° 56/122 124% <39 we= 20 56/122 -w=e= eere= «2444° Mode from Gillett and
Van Alstine {19792].
131° 15° --- §&° 26/48 130% -14° === 4° 26748 11924° §+8° =~1845°% Intermedjate magnetiza-
tion from vector, 200°-
300°C. Characteristic
from Gillett and Van
Alstine [1979].
126° 22° 12 20° &/6 123° -13° 13 20° &/6 114%21% 11£15° -25%21° Subset of Group II.
{kl = «14, k2 = -§) (k1 = =15, kz = -§) Mode is mnot signifi-
(b® = 1.3, g° = 14.3) (b" = 1.4, g° = 15.2) cantly different.
106° 19® ~== 3% 25/34 105° =14° === 3% 23/34 129%4° =31%7¢ <4314° Least squares, thermail
(kl = =34, kZ = =§4.6) (k1 = =32, k2 = =4.6) demagnetization, this
(b™ = 56%, g“ = 53) {b® = 53%, g° = 54) paper.
129° 15° -~-~ 2° 47/76 130° -18° ~-- 2° 47/76 124%4° 8110° =-1B%4° Hode of characteristic
direction from Gillett
and Van Alstine {1979].
133° 16° 247 3° 1/8 132° -12° 352 3° 778 121%4° 5#9° ~16%4° Least squares, thermal
(kl = =1644, k2 = =74) (k1 = =240, k2 = =180) demagnetization, this
{b” = 34.6%, g* = 257) b" =0.1, g° = 627) paper.
128° 15° 226 4° 7/8 130° =-19° 179 5° 178 m—mee. ~ew==  «=]BF6° Thermal+af demagneti-
(k1 = =206, kz = ~28) (kl = ~208, kz = =-71) zation experiments
(b" = 1.0, g~ = 338) (b” = 2.2, g~ = 244) {see text).
--------------------------------------------------- 41%R®  =====  Average plotted in
Figure 13,
116° Q% 168 29 42745 121° ~18% 178 2° 42/45 13814° -3349% -2744° Least squares, thermal
(kl = -123, k, = -B8) (kl = -119, k, = -75) demagnetization, this
(b = 1.2, g° = 1817) (b = 2.3, g° = 1553) paper.
Mode: Modes «calculated be-
142% -9% -—= 7° 24/26 146% =13% --= g% 25/26 128%9° 10+10° =-2%9° cause of large o,..
(144° -17% 11 9° 26/2B) (151° -17° 11 9° 26/28)(135%16°)(10+23°)(3+10°) Least squares, therg§1
(k1 = «10.2, k2 = =5.9) (kl = -10.0, k2 = -5.6) demagnetization, this
(b" =2.6, g =257) b" =2.8, g = 54) paper.
157° -69 25 4° A&7/47 1659 -22° 24 4% 47/47 128%*5°  3749°  17#5°  Least squares, thermal
(k1 = <22, k2 = =-14) (kl = =21, kz = -14) demagnetization, this
(b" = 2.8, g° = 288) (b = 2.3, g° = 298) paper.
160° -4° 147 4° 10/10 167% -19° 212 3° 10/10 ===»= cemew  1944® Thermal+af demagneti-
(kl = =135, kz = =50) (kl = ~134, k2 = -107) zation experiments.
(b" = 1.8, g° = 292) (b’ = 0.1, g°=528)
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TABLE 1.

Intermediate Magnetization

Rock Unit Sec- Average Attitude Geographic Coordinates Stratigraphic Coordinates
(Abbreviation) tion
(Strike, Dip) ) I k e NINtot D 1 k g5 N/Ntot
{Nopah Formation, R 348°  32°E Mode:
Smoky Member 316° 59° --- 6° 10/25 14% 619 -== 6° 10/25
(Np) (32B° 47° 9 10® 25/25) (4° 48° 9 10° 25/25)
{k -6,_&2 z «§) (kl = -6, k, = -6}
(b 0.2,8° = 50) (b° = 0.2,g° = 50)
As above R 348 32°E commman- e L e
1Goodwin Limestone §,T 315° 25°E  311° 70° 132 2° 75/75 1° 60° --- 1° 71/75
(6) (k = 3 kz = =56) (k] = -123, k, = -51)
(b = g~ = 2050) (b” = 16.0%,2" = 1858)

Abbreviations of rock units are those used in Figures 7 and 13; daggers denote units employed in

inclination. averages (Table 2) and in Figure 13, Column heads are as follows:
Intermedrate magnetization is the intermediate blocking
see  text.

samples were collected (Figures 1 and 2J.
temperature component of magnetization;
{are) corrected for the dip of the bedding.

concentration parameter [Fisher, 1953), not given where mcdes were calculated.

Section is where the

Geographic (stratigraphic} coordinates are not

D is declination; I, inclination; k, unbiased estimate of

half angle of 95%

confideace cone where Fisher {1953] statistics were calculated, or estimate of ha?f-angle of 95% con-

fidence ('P
Fisher statistics,

ber of samples with a Fisherian mean equal to the mode (this mean is used to calculate B
Angle is the included angie betweeg the intermediate and characteristic directions;

Alstine, 1980]).

the error on this angle was computed from (a2 + a2)¥,
intermediate and characteristic direction, respect1ve1y {cf. Beck,

') |Van Alstine, 1980] where modes were calculated; N

is total number of samples. For

N is the pumber of samples included in the mean; for modal analysis, N is the num-

[Van

where a,., o, are the confidence angles of the
1980}. A Dec is the difference in

stratigraphic declination {apparent relative rotation) with respect to directioms calculated from

poles on the reference appa:ent polar wander path.
- the reference position,
tic) component; the :eference ﬁxreckzon for AD

interval 2 {mid=Tertiary) pole of Van Alstine an
I = -22°45°) jis calculated from the reversed interval 12 (Late Permian) pole baseg 35
S 15°) from Guadalupian and Oghoan red beds [Peterson and Nairam,
Confidence limits on A ﬁEE are calculated as (AD2 + ﬁﬂz)
and inclimati
the uncertainty in the declination calculazgd from & pole [Beck 1980} 10 Kk, ar
concentration parameters, using notation of Onstott [19801;
1982); * indicates a sxgnifxcant departure from a circularly

(D = 148°%3°,
the mode of nine site poles (o
1971j.
is the uncertazinty in declination given «

symmetry {Mardia, 1972; Gillett et al.,

& de Boer |1978]

Angles >0 (<0) are clockwise (counterclockwise) of
is the declxnatxon difference of the intermediate (characteris-

= 356°%7°, I = +56°%5°) is calculated from the

The reference direction for AD

, where AD. = arcsin(sin a,./cos I}
Bad AD = arc51n(51n 4 /sin gglat) is

g Bingham [1974])
b, g are test staéﬁstxcs for cireular

symmetric axial distribution at the 99% confidence level.

acteristic components for specimens from both the
Bonanza King and the Jangle (Figure 6). After
correction for bedding dip, the average direc-
tions of the intermediate component of magneti-
zation in both the Jangle and Bonanza King nearly
coincide (Table 1), indicating that this magnet-
ization was imposed before these strata were
tilted into their present positions.

The characteristic magnetization directicns
from the Jangle and Bonanza Xing at section V
differ by 16°, however, in stratigraphic declin-
ation. This declination difference probably re-
sults from incomplete removal of secondary mag-
netizations in the Jangle, rather than from rel-
ative tectonic rotatiomn between the Jangle and
Bonanza King. The distribution of characteristic
directions from the Jangle is more scattered than
that from the Bonanza King (Figures 6c and 6d),
and it is significaantly noncircular (Table 1),
The demagnetization paths are also generally less

smooth. The average bulk susceptibilities and
intensitiss of magnetization in the Jangle are
almost an order of magnitude lewer than in the
Bonanza King (Figure 7, BKV and JV), suggesting
that less magnetic material is present. Finally,
at section 0 to the south the lower Jangle and
lowermost Bonanza King yielded similar directions
of magnetization that were combined as Group 11
[Gillett and Van Alstine, 1979]. The light-
colored rocks generally have weaker, more scat-
tered magnetizations.

The magnetic behavior of the Jangle Lmnestone
and the lowermost Bomanza King Formation at sec-
tion 0 is very similar to that in section V (cf.
Figures 6b and 7 of Gillett and Vao Alstine
[1979]). As with the lower Carrara, however, the
estimate of the characteristic direction obtained
by modal analysis -is still the best available
(Table 1). In addition, in these samples, fewer
demagnetization steps were done at low tempera-
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{Contiuuned.)
Characteristic Hagnetization Angle
A Dec
Geographic Coordipates Stratigraphic Coordinates
Inter~ Charac- Remarks
D 1 k 9 N/Ntot o I k L N’Ntot mediate teristic
Mode: Modes «calculated be-
143° -9° --- §° 13735 149° -20° -«= 6% 11/35 127#8° 18+14° 247° cause of large @, .
(119®  0° 3 16 135/35) {(124° -23° 3 16° 35/35){128%18%)(8+16°)(~24%18°) Least squares, the 1
(k1 = =4.1, kz = «2.2) (k1 = «4.1, k2 = «2.2) demagpetization, this
(" = 3.6, g° = 14.1) (" = 3.6, g° = 14.1) paper.
138" =79 --- 09° §5/§ 1459 -21% == 9% 5/f wemre  we—ee- -3%10° Thermal+af demagneti-
(kl = -181, k2 = -18.7) (kl = =180, k2 = «18.6) zation experiments
(b = 12.1, g~ = 53) (b" = 12.0, g° = 53) (see text).
134° -289 --- 1% 577101 1469 -26° -~- 2° B2/101 138#2° 5470 ~2%4° 'Gray limestones'--see
(kl = 23, k, = «14) (k1 = ~27, kz = ~14) text. Least squares,
(b = 6.6, g~ = 633) (b =12.6, § = 623) thermal demagnetiza-

tion, this paper.

tures; therefore the intermediate component of
magnetization has been estimated by using the
subtracted vector between either the 200°-300°C
or 250°-3509C steps (Figures-4b and 4c and Table-
1}). These estimates seem reliable because (1) a
check using only these steps en the samples from
section V, where intermediate steps exist,
yielded results similar to those incorporating

the intermediate steps, and (2) new sampies from
some intraformational conglomerate lenses at
section O {discussed below), where intermediate
gsteps are also available, yield similar direc-
tions to those estimated from only two steps in
the original samples.

To interpret the three components of magneti-
zation found in these rocks, it is first neces-

N e
.
-

< NRM
® ospog

/”"m
320°C ;)f 270
/ : :

5 Doen

180

{a) (b)

Fig. 3.  (a} Vector demagnetization diagram [Roy and Park, 1974] of samples of gray
limestone from the Noonday{?) Formation in the Desert Range. All directions are in
stratigraphic (dip-corrected) coordipates., Solid (open) circles represent declimation.
(inclination). Tickmarks on axes are units of 1077 A m%/kg (1 A m?/kg = 1 emufg). (b).
Intermediate component of magnetization in the Noonday(?) Formation, estimated by the
subtracted vector between the 250% and 320°C demagnetization steps (see text). Equal-
area projections in stratigraphic coordinates. Open (solid) symbols are on the upper
{lower) hemisphere. The cross marks the direction of the present axial dipole fisld at
the sampling site after rotation for the wean sttitude of the bedding.
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Fig. 4. (a)

180

Intermediate component of magnetization, gray limestones, lower Carrara

Formation at section O (Group I of Gillett and Van Alstine [1979]), estimated by sub-

tracted vector between 200 and 300°C steps (see text).
intermediate component in Jlower Jangle Limestone.
mediate component in lowermost Bonanza King Formatiom.

as in Figure 3b.

sary to determine the magnetic species present.
Combinations of demagnetization techniques help
identify the minerals in which a given direction
resides {e.g., Gillett and Van Alstine, 1979; Roy
et al., 1979], as ome can associate a set of
magnetic properties with a particular remanence
direction.

Accordingly, to investigate the characteristic
remanence, eight duplicate specimens from corig-
inal samples of the Bonanza King Formation were
demagnetized at 400°C and then subjected to
stepwise, progressive af demagoetization up to 70
wl. The remanence shows a progressive decay upoen
af demagnetization above 33 mT (Figure 5b), in-
dicating that it probably resides in magnetite
with moderate to high coercivity. Hematite is
ruled out because grains with blocking tempera-

tures less than ~500°C would have extremely high

coercivities [e.g., Dualop and Stirling, 1977).
This behavior is similar to that seen in the
limestone uwnits of the Carrara Formation [Gillett
and Van Alstine, 1979, Figure B]. The mesn of
the characteristic directions derived from the
af-afrer-thermally demagnetized samples is near

{b) Analogous estimate of
Analogous estimate of inter-
Conventions of all diagrams are

()

the mode of the original, thermally demagnetized
samples (Table 1).

Similarly, the intermediate component of rem-
apence was tested in 18 duplicate specimens,
which were first demagnetized at 200°C and then
subjected to af demagpetization as above. In all
cases, the magnetization showed a progressive
decay upon af demagnetization, indicating that
this component also probably resides in magnet-
ite, but magnetite with a lower coercivity, as
the intensity begins to decay by 5 mT.  The be-
bavier at bhigh demagnetization steps was not
consistent from sample to sample; demagnetization
paths did not trend directly toward the originm,
and a few trended toward positions similar to
that of the characteristic direction (Figure 5c).
Indeed, it might be expected that demagnetization
of these specimens to high af steps would allow

‘the characteristic remanence to be jisclated; that

af demageetization does not 'clean' the samples
completely, however, suggestse that there is some
high-coercivity component still present that ob-
scures the characteristic remaneace. This high-
coercivity component evidently cannot survive
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demagnetization at 400°C, sectiom 0; note that NRM is not plot;éd.
section_0 (10 De = 1 mT).
plotted; also, tickmarks are units of 10 3 A mzlkg. (d)

thermal demagnetization at 200°C,

section O.

thermal demagnetization to 400°L, since no trace.

of it was seen in the rocks that were af demag-
netized after thermal demagnetization te 400°C.
Hence, it seems likely that such a high~coerciv-

ity component resides in very fine-grained hema-
tite, which would show the requisite combination

of high coercivity and low blocking temperature
[e.g., Dunlop and Stirlimg, 1977].

Eight duplicate specimens from both the Jangle
Limestone. and the Bonanza King Formation were af
demagnetized only. In all cases there was a
large drop in intensity to 5 =T, followed by
successively smallexr decrements (Figure 54); in

Remagnetization, Rotation, S Nevada

Ogun

700 Qe @

Koz,

400° C; ;:}'

&30 De

500 Qe //.l-éa Qe
Foy T 200 Oe
350 Qe

5- Coun .

Lowermost Bomanza King Formation; comventions of diagrams are as in Figure 3a
(2) Thermal denagnet1zat1on,_sectxon V; (b) Af-following-thermal

(c) Af- followzng-
Note that NRM is not
Af demagnetization only;

fact, in one sample the intensity did not change
significantly upon  further demagnetization.
Furthermore, in most cases the wmagnetization
directions remained near that of the PADF.
Hence, it appears that the PADF magnetlzatxon
seen at NRM results both from weathering oxida~
tion, yielding low bleckicg temperature goethite
and/or hematite, and from viscous acquisition by
a magnetically soft species, probably low-coer-
civity magnetite.

Magnetic susceptibility 1nd1cates that . some
mineral species with significant susceptibility,
perhaps magnetite, was in part destroyed during

10,939
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188

Least squares fitted directions (see text) from section V in the northern

Desert Range; plot conventions are as in Figure 3b. (a) Jangle Limestone, intermediate

component of magnmetization. (b}
ponent.
Formation, characteristic componpent,

thermal demagnetization, probably by oxidation
resulting from heatiog in air. In both the Bo-
nanza King and the Jangle Limestone, suscepti-
bility generally had decreazsed significantly by
the 500°C step (Figure 7, BKO and BKV, UJ and
JV). Moreover, these data indicate that magnet-
ite, inferred to be present from the thermal plus
af demagpetization experiments, was not produced
by the thermal demagnetization (for example, re-
sulting from in situ reduction of ferric iron
{Shive and Dieh}, 1977a, bl}. 1If this were the
case, susceptibility would have increased as a
result of heating. )

Field relations yield evidence on the time of
acquisition of the intermediate and character-
istic magnetizations. In limestone blocks from
the lowermsst Bonanza King that oceur in the
major breccia mentioned earlier, both the inter-
mediate and the characteristic components of
magnetization pass the conglomerate test, indi~
cating that both magnetizations antedate the

(c) Jangle Limestone, characteristic component.

Lowermost Bonanza King Formation, intermediate com-

(d) Lowermost Bonanza King

formation of the breccia [Gillett, 1983a]. In

addition, some beds of intraformational pebble
conglomerate in the basal Bonanza King yield di-
rections of magnetization that are statistically
identical with those derived from the mudstones
(Table 1). Hence, the characteristic magnetiza-
tion could not have been acquired contemporane-
ously with deposition; as these conglomerates are
a synsedimentary feature, however, their magnet-
ization might have been imposed scon after de-
position. o

Marjumiid-Pterocephalid Biomere Boundary
(Upper Cambrian; Bonanza King Formation)

Biomere boundaries yield precise time control
for continent-wide comparisons of paleomagnetic
data from coeval strata [Gillett, 1982a). Palmer
[1965, 1979] has defined a biomere as a regiomal
biostratigraphic unit that is 'bounded by abrupt
non-evolutionary changes in the dominant elements
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Fig. 7. (a) Gram susceptibility and {b) intensity as functions of thermal demagneti-
zation for some early Paleozoic carbonate units in the Desert Range. Points represent
geometric means of intensities; error bars are one standard deviation around the mean.
Values for each unit have been offset at each demagnetization step for clarity; where
the plot becomes more crowded to the left, points corresponding to the same demagneti-
zation step have been separated by the vertical dashed lipes. Abscissa is temperature
{°C) of thermal demagnetization step; NREM is natural remanent magnetization. Note that
ordinates are logarithmic. Abbreviations are as in Table 1; also LT is upper Jangle
Limestone at section O. The ipnitial decrease to the 'plateau’ in intensities from ~300°
to ~400°C reflects removal of the intermediate blocking temperature component of mag-
netization (see text); the decrease above 400°C reflects removal of the characteristic
component, This underscores the difference in blocking temperature spectra of these
two coumponents, which allows them to be separsted by thermal demagnetization. For
clarity, some intermediate demagnetization steps that exist for some samples have been
omitted.
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section U;

Uppermost Bonanza King Formation (Marjumiid-Pterocephalid biomere bouﬁdary;
see text); conventions of diagrams are as in Figure 3a.

(a) Thermal demagnetization,

(b) af-following~thermal demagnetlzatlon at 375°C; (c) af- followlng-thcrmal

d:magnetxzatxon at 200°C; note that NRM is not plotted.

of a single phylum.' Although the nature and
paleontological significance of biomeres is con-
troversial, biomere boundaries are abrupt, prob-
ably spanning less than 104 years [Palmer, 1979].

The boundary between the Upper Cambriam Mar-
jumiid and Pterocephalid biomeres, which is also
the ©boundary between the Crepicephalus and
Aphelaspis faunal zones, was sampled at two lo-
cations in the Desert Range, at section Q (Figure
2}, and at section U (Figure 1). Section U cor-
responds to Palmer's {1979] section 1. In the
Desert Range, this biomere boundary occurs in the
uppermost part of the Bonanza King Formation,
about 13 m below the top.

The strata in the uppermost Bonanza Klng For~
mation are a heterogenecus sequence. of gray
limestones of probably shallow-water —eorigin.
Oxidation, almost certainly resulting from recent
weathering, is pervasive in these rocks. Limon-
ite, probably mostly goethite, is abundant and
imparts an orange cast. Occasional dark red
blebs or cubes of hematite are probably pseudo-
morphs after pyrite, as they greatly resembls
such pseudomorphs seen elsevhere in less oxidized

rocks where a
19B82a].
Specimens of all samples from sections Q and U
were subjected to progressive thermal dsmagneti-
zation at 10 steps beiween 150 and 550°C. 1Upen
thermal demagnetization, these samples exhibit
three components of magnetization similar teo
those in the lowermost Bonmanza King (Figure 8a);
the average intensities of magnetization are
weaker, however (Figure 7, BQ and BU). Both the
characteristic and intermediate directions are

pyrite core remains [Gillett,

" far mere scattered at section  than at U (Figure

9). Secticn Q is on a ridge crest, whereas sec-
tion U is on the side of a ravine; hence, it is
likely that the additional scatter in section Q
results from deeper weathering and probable
lightning~ strikes. Finally, magnetic behavior
does not correlate with rock type, despite the
heterogeneity of these limestones.

As was inferred for the lower Bonanza King
Formation samples, combinations of thermal and af
demagnetization indicate that -both the inter-
mediate and characteristic magnetizations reside
in magnetite, and that the coercivity of - the
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Fig. 9.

Least squares fitted directions (see text) from sections in the upper Bonanza

King Formation at the Marjumiid-Pterocephalid biomere boundary; plot conventions are as

in Figure 3b. (a)
mediate compenent, section U, (c)
teristic component, section U.-

intermediate magnetization is lower (Figures 8b
and 8¢). For the characteristic magnetization,
the mean of least squares fits to the linear part
of the af demagnetization path is statistically
identical to that found from the thermal demag-
netization directions (Table 1).

The susceptibility data from the upper Bonanza
King are somewhat more varied than in the lower
Bonanza King (Figure 7, BQ and BYU), but they in-
dicate that the magpetite inferred to be present
from the af experiments is not an artifact of
thermal demagnetization. The average suscepti-
bilities are also about an order of magnitude
lower than those from the lowermost Bonanza King
(Figure 7, BQ, BU versus BKO, BKV); together with
the overall lower intensities, this suggests that
less wmagnetic material is present in the upper-
moat Bomanza King strata.

Nopah Formation

The Nopah Formation of Late Cambrian age con~
formably overlies the Bonanza King Formation.
Paleomagnetic sampling was restricted to the

Intermediate component of magnetization, section (.
Characteristic component, section Q.

(b) Inter-
(d) Charac~

Smoky Member, the uppermost member of the Nopah
Formation, which consists mostly of massive,
gray, nonferroan dolomite. ,

Petrographic study shows that the dolomite is
replacive. Originally, the rocks were probably
shallow-water limestones similar to those in the
underlying strata. The dolomitization was prob-
ablg early for two reasons. First, the lack of
Fe in the dolomites suggests that formation
occurred under relatively oxidizing conditions,
which in turn suggests that the strata were pot
yet deeply buried. Second, the Smoky Member is
overlain abruptly by the Goodwin Limestone; the
sharpness of the contact suggests that the dolo-
mitization occurred im pre-Goodwin time, because
it is difficult to imagine a subsequent dolomi-
tization that would exhibit perfect stratigraphic
control. Latest Cambrisn trilobites ( Saukia,
identified by A.R. Palmer, 1979) occur in the
lowest meter of the Goodwin, suggesting that the
dolomitization was complete before the end of the
Cambrian.

The Smoky Member displays the most heterogen-
eous magnetic behavior of any single rock wnit in

10,943
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Least squares fitted directions (see text) for all well-behaved samples from

the Smokv Hember of the Nopah Formation (section R}; plot conventions are as in Figure

3b. (a)

the Desert Range. Upon thermal demagnetization,
generally at seven steps between 200° and 475°C,
two extreme types of behavior were observed.
Some specimens had large intensity losses, almost
immediately becoming unmeasurable, whereas others
showed more modest decrements in intensity up to
the last demagnetization step. In general, the
weak samples are light colored. In some of the
stronger samples the thermal demagnetization be-
havior resembled that seen in the limestones, and
three components of magnetization could be recog-
nized. Other strong samples, however, appeared
to reflect lightning strikes; they had mutually
inconsistent directions that changed little with
demagnetization, and they lost only a modest
amount of intensity with each demagnetization
step. Some lightning strikes are to be sxpected
-in this section, as it is on the nose of a ridge.
Rough fits to the intermediate and characteristic
components of magnetization were made where these
two components could be recognized (Figure 10).
Despite 1large scatter, the two components have
modes near the directions seen in the limestones
below (Table 1).

As in the Desert Range limestones, additional
demagnetization experiments indicate that the
PADF component is attributable partly to viscous
remanent remagnetization and partly to weath-
ering, and that the characteristi¢ component re-
sides in magnetite. In addition, specimens sub~
jected to af demagnetization after a thermal step
at 300° or 400°C yield characteristic directions
with 2 mode not significantly different from the
mode determined from thermal demagnetization only
(Table 1). Finally, most samples showed little
change in susceptibility with thermal demagneti-
zation (Figure 7, Np).

Deep weathering may well account for much of

the scatter of the paleomagnetic directions ia

the Smoky Member. The average intensities and
bulk susceptibilities of the samples from the

Intermediate component of magnetization. (b}

Characteristic component.

Nopah Formation are the smallest of all the car-
bonate units from the Desert Range (Figure 7,
Np), suggesting that these dolomites contain
relatively little magnetite, perhaps as a result
of deeper weathering. It is unlikely that the
dolomitization scattered the directions because
the dolomitization probably occurred before the
end of the Cambrian, and the intermediate mag-
netization is also scattered. This magnetizatien
must be much younger than Cambrian, as will be
discussed below.

Goodwin Limestone

The Goodwin Limestone, the lowest of three
formations in the Pogonip Group, overlies the
dolomite of the Nopah Formation with-a sharp con-
tact. Although latest Cambrian fossils, as noted,
have been found in the basal weter of the Good-
win, most of the formation is of Early Ordovieian
age. The sections sampled (5 and T, Figure 2)
begin about 300 m above the base of the Goodwin.
Conodonts from these sections range from upper
fauna D into fauna E (J. Repetski, written com-
munication, 1980}, corresponding to latest middle
Early Ordevician {mid-Capadian).

Detailed descriptions of the lithologic types
are given by Gillett [1983b] and are briefly
summarized. The limestcnes sampled sre gray and
probably of shallow-water origim; the dominant
lithology is calcarenite composed wmainly of
fragments of Nuja {a probable alga), with some
beds and lenses of intraformational conglomerate.
The upper part of the sampled section is figer
grained, with common lime mudstone.. The rocks
contain ~10% insolubles, including terrigenous
silt as evidenced by blue-luminescing feldspar
[Kastner, 1971]. Brown-weathering-chert, occur-
ring as nodules, lenses, and irregular masses, is
common particularly in the calcarsnites; the
chert is replacive [Gillett, 1983b].
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About half the saaples are in concordant bed-
ding, mostly calcarenite. The other half were
collected where an early formed remanence should
be disrupted, so that constraints could be placed
on the timing of the magnetization. These sam-
ples included chert (a few samples coatained the
host limestone as well); intraformational con-
glomerate; and graianstones in several places
where large, throughgoing stylolites had caused
major disruption of the primary bedding.

Upon progressive thermal demagnetization to
500°C, all limestone samples exhibited three
components of magnetization that are very similar
to those found in the Cambrian limestone units.
In turn, combinations of af and thermal demag-
netization suggest that, as in the Cambrian car-
bonates, both the intermediate and characteristic
comporents of the Goodwin reside in magnetite,
with the coercivity of the characteristic com-
ponent being higher. The component reflecting
the PADF apparently represents a combination of a
soft component in magnetite and a much harder
component probably residing in recently formed
limonite. Finally, bulk susceptibility indicates
that the magnetite is not an -artifact of the
demagnetization {(Figure 7, G). [n contrast to
the coherent demagnetization behavior observed in
the limestones, the magnetization in the cherts
was generally erratic.

No significant differences in paleomagnetic
direction {Figure 11) or intensity {(Figure 12}
were found among the wvaristies of 'gray lime-
stone’' present. Most spectacularly, the char-
acteristic direction of the stylolite-distorted
beds is the same as that in the concordant lime-
stones; thus, the characteristic magnetization of
the Goodwin was imposed after the bedding dis-
ruption due to these stylolites. Because of
their directional similarity, a grand average was
calculated for all limestone samples (Table 1).

Discussion

In all the Paleozoic carbonates in the Desert
Range, three components of magnetization are
recognized: (1) a 1low blocking temperature
(<200°C) component that is roughly aligned with
the PADF; (2) an intermediate blocking tempera-
ture component (~350°C) that has a steep, posi-
tive imclipation with northerly declination; and
(3) a characteristic «component that has a
blocking temperature of ~500°C, a shallow, nega-
tive inclination, and a southeasterly declina-~
tion. Combinations of thermal and af demagneti-
zation demonstrate that (1) the PADF component
probably resides partly in low-coercivity mag-
netite and partly in goethite and/or very fine-
grained hematite, the latter minerals resulting
from recent weathering, and (2) both the charac~
teristic and intermediate components reside in
higher coercivity magnetite. The coercivity of
the intermediate component is less than that of
the characteristic component, but the contrast is
not as marked as in the blocking temperature
spectra. Furthermore, bulk susceptibility, mea-
sured as a function of thermal demagnetization,
shows that the magnetite inferred to be present
from the af experiments camhot be an artifact of
the heating. Finally, the presence of detrital
magunetite is supported by petrographic examina-
tiou of insviuble residues.
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Components with low and intermediate blocking
temperature are also present in the late Precam-
brian Noonday(?) Formation, which lies strati-
graphically far below the Paleozoic carbonates.
Although the characteristic magnetization of the
Noonday(?) has a very differenmt direction and
spparently resides in hematite, the other two
components resemble the corresponding components
in the Paleozoic rocks.

The sections with the highest average inten-
sities and susceptibilities (lowermost Bonanza
King Formation and Goodwin Limestone; Figure 7,
BKO, BKV, and G) yield the best grouped charac-
teristic magnetizations and generally show the
smoothest demapnetization paths. This correla-
tion may be the result of the presence of more
magnetite in these rock units, perhaps reflecting
a higher detrital content.

Origin and Timing of Intermediate Component

Although the intermediate and characteristic
components have somewhat different- directions at
the different sample leocalities (Figure 13), it
seems probable that at least the intermediate
blocking temperature component represents the
same ancient ~magnetization in all sections.

First, the intermediate component must be
post-Paleozoic because it is too easily destroyed
by heating and it could not survive deep burial.
A magnetite-borne magnetization with a blocking
temperature of 350°C camnot survive 10% years at
~120°C [Pullaiah et al., 1975}. At least 5 km of
younger Paleozoic strata once buried the Goedwin
Limestone, the uppermost unit sampled, and as-
suming a conservative geothermal gradient of
25°C/km, this temperature is exceeded.

Second, the directions of the intermediate
components in all the sampled sections differ
primarily in declination (Table 1 and Figure 13},
and the difference is in the same sense as Neo-
gene oroflexural bending of the entire Desert
Range proposed on independent geologic evidence.
Although it is probable that the intermediate
magnetization was imposed on dipping strata, as
will be discussed below, the dip of bedding in
all sections must have been more concordant when
this magnetization was imposed than is presently
observed. If Fisher statistics are calculated
using only the inclinations [McFadden and Reid,
1982} of the intermediate magnetizations, the
grouping of inclinations after correcticn fer
bedding is much improved (Table 2), suggesting
there is a consistent angle between bedding and
inclination. Hence, the major part of the dec-
lination dispersion must result from differences
in strike; this is consistent with tectomic ro-
tations about a vertical axis.

The intermediate component probably was im-
posed between the Late Cretaceocus and late Ter-
tiary. This componeant is probably no older than
the Late Cretaceous Sevier Orogeny, because a
magnetization with a blocking temperature this
low would probably have been reset by the
orogeny. At the other extreme, this component
must be older than late Tertiary, as it antedates
the cave breccia that antedates late Tertiary
Basin and Range faulting f{Gillett, 1983a]. The
general consistency of the intermediate direction
with the oroflexural bending also supports a
pre~late Tertiary time of acquisition.
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Fig. 12. Intensity of magoetizstion as a function of thermal demagnetization for vari-
Conventions of the diagram are as in Figure

ous lithelogies in the Goodwin Limestone.
7b. The symbols for each lithologic type are as follows:

¢, Nuia calcarenites; d,

compaction-distorted Nuia calcarenites; i, intraformational conglomerate; m, micritic

rocks; ch, cherts [Gillett, 1983b].

'HC! ripse' indicates NRM of cherts remeasured

after they were rinsed briefly in concentrated HCl, to remove possible steel contamina-

tion from drilling and sawing.

A late Cretaceous time of acquisition would

imply that the magnetization was imposed late in
the Sevier COrogeny. Imposition of the magneti-
zation early in the orogeny seems unlikely, be-
cause the magnetization only becomes 'frozem in'
when the section cools. Because the orogeny
probably ended about 85 to 95 m.y. age {Burchfiel
et al., 1874], the single, normal-polarity in-
termediate magnetization might have recarded the
end of the Cretaceous long normal interval, which
extended from ~108 m.v. to ~85 m.y. B.P. [Lowrie
et al., 1980]. . ) -

A mid-Cenozeic magnetization may hkave been
imposed during the early stages of Basin and
Range formation. Cambrian limestones ~100 lm to
the east, in an area unaffected by Mesozoic
thrust faulting, exhibit a normal-polarity secon-
dary magnetization imposed during the early
" stages of Basin and Range uplift, largely before
tilting and oroflexural bending [Gillett, 1982b}.
Both regional uplift [e.g., Eaton, 1979] and
higher-than-average heat flow [e.g., Eaton, 1980]
accompanied Basin and Range development.

Hence, the present data do not definitely
constrain the time of imposition of the inter-
mediate magnetization.

Origin and Timing of the Characteristic Compoment

Two lines of evidence indicate that the char-
acteristic magnetizations of the Paleozoic lime-
stones are almost certainly older than the inter-

mediate magnetization. First, these magnetiza-
tions have higher blacking temperatures and coer-
civities than the intermediate magnetizstion,
although they also reside ia magnetite; there-
fore, the characteristic magnetization would have
survived the thermzl event that impcged the in-
termediate magnetization. Second, as the paleo-
inclination in the Desert Range is 31° by early
Jurassic time (calculated from the interval 9
pole [Vea Alstine, 1979)), the low inclipations
of the characteristic magnetizations (Table 2)
suggest that they are older than this if they .
were imposed on horizomtal strata. Near~hori-
zontality of the Desert Range section through at
least the early Triassic is likely; the first.
major tectomism in the area is evidenced as a
regional  paraconformity between Early Permian
(locally Late Pennsylvanian)} and Early Triassic
strata [Longwell et al., 1965, pp. 38 .and 60}.
In addition, assuming a maximum original burial
depth of ~10 km and a position ~100 km west of
the geosynclinal hinge line, the maximum tilt
introduced by subsidence is about 6° to the west.
Moreover, the maximum inclination bias that would .
be introduced by such tilt would occur if the

- hinge line were perpendicular to the paleomeri-

dian; in fact, the geosyncline trends ~45° to the
paleomeridian, so that the wmaximue bias is
reduced to ~4°.

Tectonic vertical axis rotation of the inter-
mediate magnetization indicates that the older,
characteristic magnetizations sust have undergone
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Equal-area plots of mean or modal intermediate and characteristic directions

from rock units in the Desert Range, with formal error cones. All directioms are in
stratigraphic (dip-corrected) coordinates. Solid circles are the intermediate direc-
tions, open circles the characteristic directions; abbreviations as in Table 1 (units
with daggers). The northwesterly solid star is the mean position of a late Cretaceous
geomagnetic field (D = 333°, 1 = +62°; interval 4 |Van Alstine and de Roer, 1978)); the
northerly solid star is the mean position of a mid=-Tertiary geomagnetic field (see
Table 1 footnotes); open star is a mean reversed late Permian field (see Table 1 foot-
notes). Error ovals are calculated as described by Beck [{1980]. (a) Stratigraphic
coordinates with no vertical axis rotations; patterned lines connect the intermediate
and characteristic directions derived from the same unit. (b) Positions of inter-
mediate magnetizations afrer characteristic magnetizations have been rotated to watch
the declination of the reference Late Permian directions (D = 14B8°}. Error ovals
around rotated directions are elongate because the effect of error in characteristic

declination is included.

rotation as well. Indeed, the characteristic
mzgnetizations are dispersed in declination in
the same sense as the intermediate magnetizatiom
(Table 1 and Figure 13). Furthetmwore, because
the characteristic magnetizations have similar
inclinations, it is possible that they also rep-
resent a  single, ancient component that bhas
undergone rotation around a vertical axis. In
particular, declination differences between co-
eval sections (0, V and Q, U) suggest that ver-
tical axis rotation has occurred. Finally, ap-
plication of Watson's [1956] F-test to inclina~
tion-only averagee yields improvement in grouping
that is highly significant (Table 2). As with
the intermediate magnetization, -this result is
ctonsistent with dispersion of the declinations by
vertical axis rotations.

Although the characteristic magnetizations are
ancient, they probably were not acquired penecon-
temporaneously with deposition. First, the char-

acteristic magnetization in the Goodwin Limestone -

is younger than major, throughgoing stylolites
that locally casuse disruption of primary bedding

fabric; such major stylolites ars late diagenetic

features that probably developed over tens of

millions -of years. Second; the characteristic¢
magnetization was impozed after the limestone was
essentially fully cemented {Gillett, 1983b].
Therefore, either this mapnetization was imposed
on detrital magnetite grains that were not free
to rotate, or else it reflects a chemical reman-
ent magnetization in secondary magnetite. "Authi-
genic magnetite, however, is probably precluded
by evidence of authigenic iron sulfides in these -
rocks [Gillett, 1983b]. Thus, the characteristic

- magnetization of the Goodwin is probably a vis-

cous partial thermoremanent magnetization (VPTRM)
acquired at least tens of millions of years after
deposition. :

A VPIRM corigin for this magnetization 'is sup-
ported by consideration of probable burial tem~
peratures and durations. Conodonts from the
Goodwin Limestone have a color alteration index
{CAI) [Epstein et al., 1977) of 4.5, indicating
that these rocks have been subjected to at least
250°C for 10® years. A magnetite-borne magneti-
zation with a blocking temperature of 450°C would
just barely be destroyed by such heating, whereas
a magnetization with a blocking temperature of
500°C would survive [Pullaiah et al., 1975}. The
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TABLE 2. 'Fold Test' From Inclinations Only
N <I> k g kstrat/kggpg d.f. «c.p
Intermediate maguetization
Geographic ’ 8 53° 30 1°
9.89%* 7 6.99
Stratigraphic 8 59¢ 295 3¢
Characteristic magnetization
Geographic 7 3° 15 17°
11.11%* 6 8.47
Stratigraphic 7 «19° 162 5°

The 'fold test' uses inclipations only [McFadden and Reid, 1982] to derive

Fisher statistics.

Parameters are as follows: N, number of sites (those with

a dagger in Table 1 except Wood Canyon); <I>, mean inclination; k, unbiased

estimate of Fisher's concentration parameter; k lk

ratio used in

strat’ “geog’

F-test for improvement in grouping [Watsen, 1956] (¥ indicates significant at

>99% confidence); d.f., degrees of freedom (same for both k
and c.p., critical point at >99% confidence level.

experimental work dome by Pullaiah et al. [1975],
however, suggested that their model is rather op-
timistic at high blocking temperatures, in that
magnetizations are reset more easily than the
model predicts. Furthemmore, the curves for
conodont CAI and magnetic blocking temperature as
functions of time and temperature are not paral-
lel, and the difference is in the sense that
higher temperatures affect magnetization more
than CAI. For example, a CAI of 4.5 carresponds
also to 358°C for 10t years, values that would
easily destroy a remanence having a blocking tem-
perature of 450°C.

A burial depth of 5 km for the Goodwin at the
end of the Paleozoic coupled with a geothermal
gradient of 25°C/km yields estimates of burial
temperature less than the 250°C minimum suggested
by the conodonts. Several sources of error, how-
ever, could raise the temperature estimates: (1)
the geothermal gradient may have been somewhat
higher; (2) the thickness of overburden may be
underestimated; and (3} the original overburden
thickness has probably been much reduced by late
chemical compaction ‘{stylolitization), as the
section above is dominantly carbonate. Mossop
[1972], for example, found up to 25% reduction in
thickness resulting {from stylolitizatien in
Devonian carbonates in Alberta. An original
thickness of 8 ikm (which would yield a present-
day thickness of ¢ km after 20% stylolitic com-
paction), in conjunction with a geothermal gradi-
ent of 30°C/km, for example, yields burial tem-
peratures on the order of 265°C.

The Goodwin Limestone is the uppermost unit
sampled and thus was subjected to the shallowest
burial. If its original magnetization has been
destroyed by burial heating, the underlying mag-
netite-bearing carbonates probably are also
remagnetized. Neomorphic  textures [e.g.,
Bathurst, 1976, Chapter 12] are common in the Bo=
nanza King and Carrara Formations [Palmer and
Halley, 1979; S. L. Gillett, unpublished data,
1978}, indicating extensive, late diagenetic re-
crystallization, which is comsistent with. signi-
ficant burial metamorphism.

It seems likely, therefore, that the charac-
teristic magnetizations of the Paleozoic lime~
stones represent a relatively late, thermally im-

and k };

strat geOg

posed secondary magnetization resulting from up-
lift after deep burial. The first major uplift
in the region is evidenced by the regional para-
conformity discussed earlier; the Late Permian,
therefore, seems to be the most reasonable time
to impose the characteristic magnetization.

Tectonic Rotations in the Desert Range:
Further Considerations

Declination differences between expected and
observed directions have been calculated for both
the characteristic magnetization (AD 3r) and
intermediate magnetization (AD, .) in all sec-
tions (Table 1}, assuming a Re Permian age
{interval 12 of Van Alstine {1979]) for the char~
acteristic magnetization and a middle Tertiary
age (interval 2: late Eocene to early Miocene)
for the intermediate magnetization. These dif-
ferences are related to the sense and magnitude
of rotation about a vertical axis; in most sec-
tions, however, the ADCha and AD values are
significantly different 3% both séhse and mag-
nitude. In part, these differences probably re-
flect imposition of the intermediate magnetiza-
tion on tilted strata; in this case, rotation
inferred from the intermediate magnetization
would be proportional ta, not the same as, rota-
tion inferred from the characteristic magnetiza-
tion. In most cases, the intermediate magnetiza-
tions differ by a larger angle than do the char-
acteristic magonetizations. For example, the
characteristic magnetization. at section V is 9°
counterclockwise of that from coeval section 0;
the intermediaté magnetizations from these two
sections differ in the same sense, but by 41°.
Similarly, the characteristic magnetizations from
section Q are 19° counterclockwise of those from
coeval section U, but the intermedirdte megnetiza-
tions are 27° counterclockwise.

Imposition of the intermediate magnetization
on dipping beds is also suggested by comparing
the total angle between the intermediate and
characteristic magnetizations at each section
{Table 1). For seven sections where both mag-
petizations were independently recognized, this
angle averages 129°, wvhich is somewhat gmaller
than the angie (141°%6°) between the interval 2
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(normal polarity) and interval 12 (reversed
polarity) directions. Thus, the intermediate
magnetization was imposed on dipping beds, be-
cause the characteristic magnetization was im-
posed on essentially horizontal strata.

In turn, imposition of the characteristic mag~
netization on horizontal strata indicates that
absolute rotations in the Desert Range are more
accurately inferred from this magnetization.
lpon rotation of the characteristic directiens to
the interval 12 declination, however, most of the
intermediate wmagnetizations rotate te a north-
easterly position (Figure 13b), which does not
correspond to any point on the North American
apparent polar wander path.
intermediate directions have been rotated too far
clockwise. This discrepancy becomes worse if the
characteristic magnetization dates from interval
11 (Early Triassic) or interval 13 (Early Per-
mian), as these reference declinations are more
southerly than that from interval 12.

This northeasterly bias of the ‘'corrected’
intermediate magnetization may be vyet another
indication that the intermediate magnetization
was imposed on tilted beds. For example, a mag-
netization direction (D = 356°%, I = +56°) ac-
quired during interval 2 {middle Tertiary) would
be rotated to the observed northeasterly average
position (D = 8°, I = +60°, @y = 5°) upon struc-
tural correction for ~10° ésf dip toward the
southeast about 3 strike of ~40°. Alternatively,
a magnetization direction (I = 330°, I = +64°)
acguired during interval 5 (Late Cretaceous)
would be rotated te the same northeasterly posi-
tion upon correction for ~18° of dip to the east
and a strike of ~350°. An easterly dip of the
beds on which the intermediate megnetization was
imposed is reasonable considering that the Desert
Range approximately forms the eastern limb of a3
north plunging anticline (Figure 1). The bending
of this anticline axis between the Lag Vegas-
Pahranagat conjugate shear systems suggests that
the anticline is older than the vertical axis
deformation and may have existed when the inter-
mediate magnetization was acquired.

Other structural explanations could account
for at least part of the northeasterly bias. The
8° bias could reflect systematic rotation of the

characteristic magnetizations during Mesoczoic
thrusting {cf. Grubbs and Van der Voo, 1976;
Gillett, 1982a). Alternatively, 'apparent ver-

tical axis rotations' [HacDonald, 1980] are pos-
sible; these are second-order declination dis-
crepancies that result when blocks rotated about
inclined axes are rotated back to horizontal
about horizontal axes (the strikes).

A northeasterly bias of the 'corrected’ inter-
mediste magnetization directions .might
result in principle from incomplete separation of
the intermediate component and the low blocking
temperature component represeating the post-
tilting PADF. 1f the northeasterly bias ware
caused by the presence of an uvnremoved PADF com-
ponent, however, the directions with more north-
casterly declination should also have shallower
inclinations, the opposite of what is observed.

The different amounts of rotation suggested
by the intermediate and characteristic components

underscore the care that must be taken ino using .

paleomagnetic declinations to estimate the mag-
nitudes of tectonic rotations. On the basis of

Geometrically, the

also.
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the characteristic direction, the total amount of
observed relative rotation {between sections U
and V) in the Desert Range is 44°%5°. In an ab-
solute sense, assuming that the characteristic
magnetization dates from the Late Permian, sec-
tior V has probably been rotated counterclockwise
by 27°%4®, whereas section U has been rotated
clockwise by 17°#5°. Absolute counterclockwise
rotation in the Desert Range is probably related
to the left-lateral Pahranagat Shear System,
whereas absolute clockwise rotation is probably
related to the right-lateral Las Vegas Shear
Zone. )

Implications for Qther Desert Range Strata

Middle Member, Wood Canyopr Formation. Hema-
titic strata in the middle member of the Lower
Cambrian Wood Canyon Formation vield a charac-
teristic direction, upon thermal demagnetization
to ~640°C, that is near the characteristic direcs
tion found in the overlying limestones {Gillett
and Van Alstine, 1979). In general, even the
‘ctleanest’ samples do not have paths linear to
the origin through the highest demagnetization
steps. Thus, the characteristic direction in the
Wood Canyon may lie even closer to the direction
in the " limestones. - Gillett and Van Alstine
11979] proposed that the very high blocking tem=
perature of this remanence precludes its being a
thermal overprint, and we also presented evidence
that the oxidation of the Wpod Canyon was prob-
ably penecontemporanecus with deposition, not the
result of late, prolonged intrastratal altera-
tion. Our evidence for early oxidation still
seems stromg, but in view of the above discussion
it appears likely that the characteristic magnet-
ization in the Wood Canyon is secondary.

Van der Voo and Chaanell {1980] discussed the
problem of magonetizations ip hematite that have
very high blocking temperatures but that nonethe~
less are secondary, suggesting that such magneti~-
zations arise chemically. In the Wood Canyoen
Formation, it appears that such a chemical pro-
cess must be unrelated to the early oxidation,
and we suggest that the remagnetization has
arisen from . recrystallization. The character-
istic remanence resides primarily in a microcrys~
talline red cement, and fine-grained hematite
tommonly forms with high internal stresses [e.g.,
Stacey and Banerjee, 1974, p. 861: perhaps such
crystals anneal over time and thereby acquire a
new magnetization.

Qualitative support for recrystallization in
the Wood Canyon comes from Folk [1976]), who pro-
posed that the color of red beds 'ages' over geo-
logic time and that this aging reflects an in~
crease in grain size during recrystallizatioa.
Host of the Wood Canyon fine-graiped rocks are

. .red-purple (5 RP 4/2) rather than red; McBride

[1974] has presented evidence that red versus
purple <coloration in hematite-pigmented rocks
refiects. grain size differences in the hematite,
the purple rocks probably being the coarser
grained. )

The above discussion is qualitative but sug-
gests avenuer for further research. Perhaps an-
cient remanences in hematite way be reset more
eagily than has generally been thought; in par-
ticular, the time of oxidation and hematite for-
mation, when it can be established, may still not
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reflect the time of characteristic magnetization.

Rainstoerm Member, Johnnie Formation. Of all
the Desert Range strata, the Rainstorm Member of
the Jobnnie Formation (late Precambrian) is prob-
ably the best candidate for retaining a primary
magnetization. The characteristic mapgnetization
of these rocks is a two-polarity remanence (Table
1) that has a blocking temperature of ~650°C and
that may be associated with possibly detrital
specular hematite [Van Alstine and Gillett,
1979a].

The magnetization of the Rainstorm is probably
older than the characteristic magpetizatiom of
the Paleozoic limestones. First, the dip-cor-
rected inclination of the Rainstorm's magnetiza-
tion (~0°) is considerably shallower than the
late Paleozeic reference direction (~19°).
Second, the Rainstorm is ~4 km stratigraphically
below the Goodwin Limestone; using the 250°C tem-
perature estimated for the Goodwin, and even as-
suming a high value of the geothermal gradient
(30°C/km) below the Goodwin, the depth of the
Rainstorm corresponds to a temperature of ~400°C,
which is far too cool to affect a2 hematite rema-
nence with a blocking temperature of 650°C [Pul-
laiah et al., 1975). Furthermore, as the reman-
ence resides in relatively coarse-grained hema-
tite, it is probably not vulperable to a recrys-
tallization remagnetization.

Because the magnetization of the Rainstorm
is older than that of the Paleozoic limestones,
the Rainstorm direction must be corrected for the
vertical axis rotation inferred in the lime-
stones. The characteristic magnetization of sec-
tion O, about 2 km stratigraphicaily above the
Rainstorm, shows 18° of counterclockwise rotation
with respect to the late Permian reference direc-
tion. Correcting the Rainstorm magnetization for
18° of counterclockwise rotation moves the cor-
responding paleomagnetic pole teo 5°N, 151°E.
This revised Rainstorm pole is concordant with
reported late Hadrynian poles for North America
[Van Alstine and Gillett, 1979a, Figures & and
B]. The Rainstorm pole, therefore, does not im-
ply a large amount of late Precambrian apparent
polar wandering, as had been propesed by Van
Alstine and Gillett [197%9a] on the assumption of
primary magnetizations for the Paleozoic strata
in the Desert Range.

Conclusions

Three components of magpetization are present
in the early Paleozoic limestones of the Desert
Range. The first, of recent origin, reflects the
PADF and resides partly in low-coercivity magnet-
ite and partly in goethite and/or hematite from
recent weathering. The two other compouents both
reside in magnetite; the. characteristic component
probably dates from the Late Permian, whereas the
intermediate blocking temperature component may
range in age from mid-Cenozoic to late Cretace-
ous. The intermediate component is also present
in gray limestones of the late Precambrian Noon~
day(?) Formation. Both the characteristic and
intermediate magnetizations apparently recard
times of uplift after prolonged heating during
deep burial; no primary magnetization remains.

The characteristic magnetization in the middle
member of the Early Cambriar Wood Canyon Forma-
tion resides in wicrocrystalline hematite and

Remagnetization, Rotation, S Nevada

10,951

also apparently reflects late Paleozoic remagnet-
ization, showing nearly the same direction as the
limestones. The Wood Canyon strata evidently
were remagnetized by recrystallization, as field
evidence indicates that the iron oxidation oc-
curred early.

Both the intermediate and characteristic di-
rections in the Desert Range strata reflect rela-
tive clockwise rotation, north to south, which is
consistent with clockwise oroflexural bending of
the entire Desert Range that had been proposed
earlier on independent geologic evidence. The
amount of rotation inferred from the intermediate
magnetization differs from the rotation implied
by the characteristic magnetization; this prob-
ably results from imposition of the intermediate
magnetization on dipping strata. Whether the in-
termediate magnetization is late Cretaceous or
Cenczoic, it was probably impezed when bedding in
all sections dipped ~10°-20° to the east, consis-
tent with the position of the Desert Range on the
eastern limb of a very large, broad, north
Plunging anticline that antedates the orsflexural
bending.

The characteristic magnetization is preferred
as the estimator of vertical axis rotations, as
geclogic evidence suggests that the strata were
essentially horizental throughout the Paleozoic.
The total relative rotation observed is 44°%5°; 3
Late Permian age for the characteristic magneti-
zation implies absolute counterclockwise rotation
of 27°14° for the northernmost section and 17°#5°
of absolute clockwise rotation for the southern-
most. Clockwise rotation is probably related to
the right-lateral Las . Vegas Shear Zone to the
south, whereas counterclockwise rotation probably
results from the possibly conjugate, left-lateral
Pahranagat Shear System to the north. On the
present evidence, some net rotations resulting
from Mesozoic thrusting cannot be ruled out.

The only rock unit in the Desert Range that
may retain a primary remanence is the late Pre-
cambrian Rainstorm Member of the Johnnie Forma-
tion. After correction for a probabie counter-
clockwise rotation of 18%, it yields a pole near
other reported late Hadrynian peoles from North
America. Almost certainly, the Rainstorm has not
undergone the 36° clockwise rotation proposed by
Van Alstine and Gillett {197%a].

More philosophical but equally important con-
clusions are alse to be drawn from this study.
An intricate story has emerged from paleomagnetic
investigations in the Desert Range; however, this
story ultimately has very little to do with the
history of the late Precambrian through early
Paleozoic gecmagnetic field. Rather, both com-
plex tectonic rotations and three episodes of
remagnetization have demonstrably affected the
Desert Range strata. Upen progressive demagneti-
zation, the rocks generally yieided well-grouped
characteristic magnetization directions far from
the PADF. Such magnetizations would have been
accepted as primary by the criteria used in many
studies, and indeed that was our initial inter-
pretation. To show that these magnetizations are
secondary required not just detailed paleomag-
netic and rock magnetic work, but also detailed
field and petrographic studies. Pervasive remag-
netization may be easier to accomplish than has
been thought in both magnetite- and hematite-
bearing strata; well-grouped directions that yet
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reflect remagnetization may be the rule ipn rocks
as old as early Paleozoic. Much painstaking work
must be done before we can have confidence in
apparent pelar wander paths derived from ancient
rocks.
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