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ABSTRACT

Stratigraphic mapping of the Neoproterozoic glaciogenic Kingston Peak Formation (Death
Valley, California) provides evidence for two temporally discrete extensional deformation
episodes. These episodes are bracketed by the Sourdough Limestone and Noonday Dolomite,
the facies characteristics and*3C data (ranging between 2.15 and —2.56%. and —1.88 and
—4.86%o, respectively) of which make them equivalent to Sturtian and Varangian age cap car-
bonates, respectively. This constrains the two extensional episodes along the southwestern
margin of Laurentia to ca. 700 Ma and ca. 600 Ma. These observations and data show that the
field evidence for mid-Neoproterozoic breakup and the predictions from tectonic subsidence
curves for a latest Neoproterozoic breakup are both correct. Thus, Neoproterozoic plate recon-
structions must account for two discrete rift episodes separated by 100 m.y. or more. Confining
rifting to within the Kingston Peak Formation thereby places the younger Proterozoic rocks of
the southwestern Great Basin in the rift to drift tectonic phase.
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braided fluvial to glaciomarine (Labotka et al., Canyon: CC—Chloride Cliff. CM—Crescent Mine: DL—Dog-leg

1980; Mi”eﬁ_1985; Wright et al., 1976). Ar! age of Wash; FR—Fatzinger Ridge; GW—Goler Wash; HM—Horse Thief
ca. 700 Ma is generally assumed, but this is on Mine; HS—Horse Thief Spring; JH—Jupiter Hill; LM—Lotus Mine;
loosely bracketed between the 1.08 Ga diabas NR—southern Nopah Range; RC—Redlands Canyon; SA—Sara-
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the Cambrian, located 2 to 3 km stratigraphi Canyon; WR—Wildrose Canyon. Note that several sections are too
cally above (Fig. 1). My database (29 mapped ar close to plot individually at this scale.

Geology;April 1999; v. 27; no. 4; p. 339-342; 4 figures. 339



region have hindered construction of a unifiedouthern Black Mountains—Kingston Range areamungest Kingston Peak unit, the Wildrose
stratigraphic framework. In the Panamint Range;onsist of nearly identical lithologies; the onlyDiamictite, defines an angular unconformity
the Kingston Peak Formation consists of a vardifference is that the rocks in the Panamint Randkat seals a Precambrian normal fault. The base
ably thick lower succession of coarse siliciclastiare amphibolite grade. Both successions ad# the Wildrose Diamictite bevels across older
and diamictite deposits (the Limekiln Spring andloored by unconformities and are typified byKingston Peak units (including an olistostrome)
Surprise Members) overlain by a heterolithic suczarbonate-clast dominated diamictites, olistoand the fault to rest depositionally on basement
cession, including a patchily developed diamictitstromes containing enormous blocks and/agneiss in the area of the Lotus Mine (LM, Fig. 2,
(Sourdough Limestone—South Park Member). Ifenses of dolostone and older Crystal Spring di@ and B). In places, the fault was active during
the Silurian Hills (SH, Fig. 1), it is mostly base-base, and irregular mafic igneous bodies. Botinitial Wildrose Diamictite deposition (lower
ment-clast bearing diamictite and turbiditeslso display unequivocal evidence for syndeposiildrose rocks are faulted against Limekiln
(Southern facies of Troxel, 1967), whereas in thBonal extensional tectonism, i.e., buried normaSpring—Surprise rocks), but the fault is sealed by
southern Black Mountains—Kingston Range arefaults, abrupt thickness and facies changes, angper Wildrose units and the base of the Noon-
it consists of a lower mudstone, a middle diamiomid-oceanic ridge basalt (MORB) type volcanicday Dolomite. Elsewhere in Death Valley, the
tite, and an upper fanglomerate-turbidite, termetbcks (Lanphere et al., 1964; Troxel, 1966Noonday Dolomite also seals normal faults
KP1, KP2, and KP3, respectively (Northern facietabotka et al., 1980; Hammond, 1983; Miller,(Wright et al., 1976). This confirms that a second
of Troxel, 1966). However, KP1 is genetically1985). Taken together, and as argued by Millezpisode of extensional deformation occurred at
part of the Beck Spring Dolomite depositiona(1983), these are compelling reasons to infer thiast as late as the initiation of Wildrose Diamic-
cycle and thus KP2 marks the actual initiation dboth successions were deposited coevally duritije deposition, but that it had mostly ceased by
Kingston Peak deposition (Prave, 1994). a major episode of lithospheric extension. the time of early Noonday Dolomite deposition.

The lower Kingston Peak succession (Limekiln A younger extensional deformation episodé& hus, the Kingston Peak Formation contains evi-
Spring—Surprise Members) in the Panamintan be similarly documented. In Goler Washlence for two temporally discrete episodes of
Range and Northern facies succession in tH&W, Figs. 1 and 2, A and B), the base of thextensional tectonism.

What occurred between these two episodes? In
the Panamint Range, the Surprise Diamictite is
sharply overlain by black, finely laminated car-
bonates of the Sourdough Limestone that pass
gradationally upward into pelites and quartzites
of the Middle Park quartzite, which are in turn
sharply overlain by Mountain Girl conglomerate,
an “un-named limestone” (a hame adapted from
Harding’s [1987] “un-named marble” in Wild-
rose Canyon), and the basement-clast—bearing
Wildrose Diamictite. About 100 km to the south-
east, the Pahrump Group in the Silurian Hills and
adjacent areas (SH, DL, SS, SC, Fig. 1) is domi-
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Figure 2. A: Stratigraphic cross section of upper Kingston Peak Formation north-south through
Panamint Mountains (see Fig. 1 for locations and abbreviations). B: Simplified geologic map of
Goler Wash area; note Precambrian fault that trends southwest-northeast through central part of
map. Contours are in meters. Units: b—basement; c—Crystal Spring Formation; lks—Limekiln
Spring and Surprise Members; m—Middle Park quartzite; n—Noonday Dolomite; o—olistostrome;
s—Sourdough Limestone; w—Wildrose Diamictite. C: Silurian Hills section with proposed
Kingston Peak member correlations; bold numbers are stratigraphic units of Kupfer (1960).
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nantly siliciclastic and the Kingston Peak Forma-
tion consists mostly of Southern facies rocks.
Correlation of this succession to Pahrump expo-
sures elsewhere has long vexed geologists study-
ing Death Valley. My reinterpretation of the
Silurian Hills stratigraphy (corroborated by
C isotope data; see following) indicates that the
post—Crystal Spring Formation there can be cor-
related unit by unit to the Middle Park—Wildrose
succession in the Panamint Range (Fig. 2C). The
sole exception (allowing for thickness differ-
ences) is that in the Silurian Hills the base of the
Middle Park quartzite is an unconformity (it rests
on Crystal Spring rocks) that must pass into a
correlative conformity in the Panamint Range.
These correlations imply that the limestone pre-
viously interpreted as Beck Spring Dolomite in
the Silurian Hills (Kupfer, 1960) is actually the
“un-named limestone” of the South Park Mem-
ber, and that the Southern facies of Troxel (1967)
is wholly equivalent to the Wildrose Diamictite
(Fig. 2C). This correlation agrees with Miller's
(1983) contention that the Surprise Member and
Northern facies rocks are correlative and older
than the Wildrose Diamictite and Southern facies
rocks. Others have contested this correlation be-
cause of the observation that, in certain localities
south and east of Death Valley, Southern and
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Northern facies rocks occur in close proximit
and thus were assumed to be coeval. | have ci
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solved. On the basis of exposures in Surpri T Kingston Peak \_] samples
Canyon (SU, Fig. 1), Miller (1987) concludec . F:gg(sKFo,rl') ea Fm (KP2-KP3 :
that the “un-named limestone” and lower Noor Lkm I, . B /| @
day Dolomite were facies equivalents. Howeve
my mappl_ng in the souther_n Panamint Range _E Panamint Silurian Hills/ Alexander Hills/
reevaluation of the Surprise Canyon mappir Mountains Southern Death Valley Kingston Range

has documented that the base of the Noonc
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where in Death Valley, the Kingston Peak Fo
mation—Noonday Dolomite formation contact i
unconformable.
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Kingston Peak Formation tectonostratigraph
units (Fig. 4A): TU1—Limekiln Spring—Surprise
Diamictite—Northern facies (KP2-3 only)-Sour
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Figure 4. A: Wheeler diagram
cartoon for Kingston Peak tec-
tonostratigraphic units (TU 1—
TU 3); absolute durations of
units and hiatal surfaces are
not known precisely and are
shown schematically. Abso-
lute ages are for Sturtian and
Varangian glacials. B: &3C
trends for Neoproterozoic car-
bonate units in Death Valley
region. Closed circles are for
sample sites shown in Figures
2 and 3; Noonday Dolomite

Diamictite—Southern facies. = Sourdough =§J— samples are from southern
Limestone \ Nopah Range section (NR; see

\ Fig. 1). Open circles refer to

CHEMOSTRATIGRAPHIC DATA \ Silurian Hills data (Fig. 2C).

The C isotope stratigraphy has become
widely applied methodology for establishing
chronostratigraphy in otherwise unfossiliferou
or radiometrically undatable Precambrian rocl
(e.g., Kaufman et al., 1997). The C isotope de
(obtained and analyzed following standard tec
niques, e.g., Kaufman et al., 1991) have prov:
critical in establishing a unified Kingston Pea
stratigraphy and its correlation to other Nec
proterozoic glacial deposits. Hea®#C trends
(Fig. 4B) mark the Beck Spring Dolomite an
KP1 limestones with values to 5.16%. (most a

Surprise Diamictite;
KP2/3 Northern Facies

lower Kingston Peak (KP1)

Beck Spring Dolomite

——
~

200 m

PDB is Peedee belemnite.

>3.0%0). Heavy values also characterize theimestone and Noonday Dolomite, which im-positive values (2.15%o) within 15 m of the
“un-named limestone” and Silurian Hills lime- mediately overlie glaciogenic diamictites, recbase, but the Noonday Dolomite trend remains
stone and range between 4.33 and 6.27%o (suotd marked negative shifts between —1.11 anuegative for more than 200 m. These trends and
heavy values are rare and this strongly suppor®.56%. and —1.88 and —4.86%o, respectivelyhe facies characteristics of the Sourdough
their correlation). In contrast, the Sourdougirhe Sourdough Limestone trend shifts towardimestone and Noonday Dolomite rocks match
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those of Sturtian and Varangian age cap carbohaurentia’s southwestern margin that accouritanphere, M. A, Wasserburg, G. J. F., Albee, A. L., and
ates. Sturtian cap carbonates are dark coloréat two discrete Neoproterozoic rifting events ~ Tilton, G. R., 1964, Redistribution of strontium

. . . x13 and rubidium isotopes during metamorphism,
finely laminated dolo(lime)stones with-3C  separated by 100 m.y. or more. World Beater complex, Panamint Range, Califor-

values lightest near the base (to —4%o), and be- nia,in Craig, H., et al., eds., Isotopic and cosmic

come heavier typically over 1-20 m. In contrasf‘CKNOWLEDGMENTS . . chemistry: Amsterdam, North Holland Publish-
This work benefited from discussions over many ing, p. 269-320

Vargngian cap carbonfitgs are_crefim-color%ars with John Cooper, Matt McMackin, Bennie evy, M., and Christie-Blick, N., 1991, Tectonic subsi-
laminated dolo(calc)micrites with ligif'3C  Troxel, and Lauren Wright. | thank Julia Miller and Janet " dence of the early Paleozoic passive continental
values (to —6%) for many tens to several hurHammond Gordon for freely sharing their data and 0 i in eastern California and southern Nevada:
dreds of meters above the base (Kennedy et éhgughts and Gerard Bond and lan Dalziel for incisive re- Geological Society of America Bulletin, v. 103,

1998; Kaufman et al., 1997). Consequently, iews. Mike Arthur, Mark Pagani, and Dave Pinkus at p. 1590-1606.

: . ennsylvania State University and Tony Fallick at th iler. J. M. G.. 1983 Strati hv and sedi tol
interpret the Sourdough Limestone and Noonscottish University Reactor Research Centre provided t the Unper P tra |gr_apK_y ant Seplmsr::o ogy
day Dolomite as the ca. 700 Ma Sturtian an@otope analyses and insights. This work was supported ? ?3 pper trg er020|(c:: I_lfngs_or[lpheg thorm?_'
i i National Science Foundation grant EAR-9305708 lon, manamint Range, ~atfornia ["h. ). thesis|.
ca. 600 Ma Varangian caps, respectively (agé¥ * Santa Barbara, University of California, 355 p.

from Young, 1995). Miller, J. M. G., 1985, Glacial and syntectonic sedi-
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