
INTRODUCTION
The Neoproterozoic breakup of the Rodinian

supercontinent and subsequent amalgamation of
Gondwana is a well-accepted hypothesis. How-
ever, the timing of Rodinia fragmentation around
its Laurentian thorax remains problematic
(Dalziel, 1997). In 1972, Jack Stewart proposed
that late Precambrian diamictite and volcanic
rocks exposed intermittently along the North
American Cordillera were synrift deposits and
that, because such rocks occurred on both
margins of Laurentia, rifting was cratonwide
(Stewart, 1976). Field constraints place this rift-
ing at 700–800 Ma (Bond et al., 1985; Ross,
1991; Young, 1995), but tectonic subsidence
curves imply a much later final thermal event, ca.
550–600 Ma (Bond and Kominz, 1984; Levy and
Christie-Blick, 1991). Either two discrete rifts or
protracted rifting occurred (Bond, 1997; Young,
1995). The purpose of this paper is to present
newly obtained data on the Neoproterozoic
glaciogenic Kingston Peak Formation in the
Death Valley region of California that support the
model for two discrete rifting episodes and pro-
vide ages for Kingston Peak glaciations.

STRATIGRAPHIC DATABASE
The Kingston Peak Formation is typical of the

inferred synrift glaciogenic rocks preserved along
the North American Cordillera. It is as thick as
3 km, exhibits abrupt facies and thickness
changes, contains diamictite, and was deposited
in a diverse suite of environments ranging from
braided fluvial to glaciomarine (Labotka et al.,
1980; Miller, 1985; Wright et al., 1976). An age of
ca. 700 Ma is generally assumed, but this is only
loosely bracketed between the 1.08 Ga diabasic
sills in the underlying Crystal Spring Formation
(Heamann and Grotzinger, 1992) and the base of
the Cambrian, located 2 to 3 km stratigraphi-
cally above (Fig. 1). My database (29 mapped and

measured sections) integrated with previous work
(Harding, 1987; Labotka et al., 1980; Miller,
1985; Swanson, 1982) permits refining the age
constraints and tectonostratigraphic evolution of
the Kingston Peak Formation.

PROPOSED KINGSTON PEAK
TECTONOSTRATIGRAPHIC
FRAMEWORK

The marked facies changes exhibited by the
Kingston Peak rocks across the Death Valley
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Two diamictites, two cap carbonates, two δ13C excursions, two rifts:
The Neoproterozoic Kingston Peak Formation, Death Valley, California
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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 δ13C data (ranging between 2.15 and –2.56‰ and –1.88 and
–4.86‰, 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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Figure 1. Kingston Peak Formation outcrop belt, Death Valley
region; Neoproterozoic succession is upper right and Kingston
Peak terminology is lower left. AH—Alexander Hills; BC—Beck
Canyon; CC—Chloride Cliff; CM—Crescent Mine; DL—Dog-leg
Wash; FR—Fatzinger Ridge; GW—Goler Wash; HM—Horse Thief
Mine; HS—Horse Thief Spring; JH—Jupiter Hill; LM—Lotus Mine;
NR—southern Nopah Range; RC—Redlands Canyon; SA—Sara-
toga Hills; SC—Sheep Creek; SH—Silurian Hills; SP—Saddle Peak
Hills; SS—Salt Spring Hills; SU—Surprise Canyon;TH—Talc Hills;
VJ—Valjean Hills; VS—Virgin Spring Wash; WC—Woodlands
Canyon;WR—Wildrose Canyon. Note that several sections are too
close to plot individually at this scale.



region have hindered construction of a unified
stratigraphic framework. In the Panamint Range,
the Kingston Peak Formation consists of a vari-
ably thick lower succession of coarse siliciclastic
and diamictite deposits (the Limekiln Spring and
Surprise Members) overlain by a heterolithic suc-
cession, including a patchily developed diamictite
(Sourdough Limestone–South Park Member). In
the Silurian Hills (SH, Fig. 1), it is mostly base-
ment-clast bearing diamictite and turbidites
(Southern facies of Troxel, 1967), whereas in the
southern Black Mountains–Kingston Range area
it consists of a lower mudstone, a middle diamic-
tite, and an upper fanglomerate-turbidite, termed
KP1, KP2, and KP3, respectively (Northern facies
of Troxel, 1966). However, KP1 is genetically
part of the Beck Spring Dolomite depositional
cycle and thus KP2 marks the actual initiation of
Kingston Peak deposition (Prave, 1994).

The lower Kingston Peak succession (Limekiln
Spring–Surprise Members) in the Panamint
Range and Northern facies succession in the

southern Black Mountains–Kingston Range areas
consist of nearly identical lithologies; the only
difference is that the rocks in the Panamint Range
are amphibolite grade. Both successions are
floored by unconformities and are typified by
carbonate-clast dominated diamictites, olisto-
stromes containing enormous blocks and/or
lenses of dolostone and older Crystal Spring dia-
base, and irregular mafic igneous bodies. Both
also display unequivocal evidence for syndeposi-
tional extensional tectonism, i.e., buried normal
faults, abrupt thickness and facies changes, and
mid-oceanic ridge basalt (MORB) type volcanic
rocks (Lanphere et al., 1964; Troxel, 1966;
Labotka et al., 1980; Hammond, 1983; Miller,
1985). Taken together, and as argued by Miller
(1983), these are compelling reasons to infer that
both successions were deposited coevally during
a major episode of lithospheric extension.

A younger extensional deformation episode
can be similarly documented. In Goler Wash
(GW, Figs. 1 and 2, A and B), the base of the

youngest Kingston Peak unit, the Wildrose
Diamictite, defines an angular unconformity
that seals a Precambrian normal fault. The base
of the Wildrose Diamictite bevels across older
Kingston Peak units (including an olistostrome)
and the fault to rest depositionally on basement
gneiss in the area of the Lotus Mine (LM, Fig. 2,
A and B). In places, the fault was active during
initial Wildrose Diamictite deposition (lower
Wildrose rocks are faulted against Limekiln
Spring–Surprise rocks), but the fault is sealed by
upper Wildrose units and the base of the Noon-
day Dolomite. Elsewhere in Death Valley, the
Noonday Dolomite also seals normal faults
(Wright et al., 1976). This confirms that a second
episode of extensional deformation occurred at
least as late as the initiation of Wildrose Diamic-
tite deposition, but that it had mostly ceased by
the time of early Noonday Dolomite deposition.
Thus, the Kingston Peak Formation contains evi-
dence for two temporally discrete episodes of
extensional 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 name 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-
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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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).



Northern facies rocks occur in close proximity
and thus were assumed to be coeval. I have care-
fully reexamined many of those localities. My
observations indicate that the lateral juxtaposition
of Northern and Southern facies rocks is due to
erosional incision and not coeval interfingering.
For example, in the Alexander Hills (Fig. 3)
Southern facies rocks (Wildrose Diamictite
equivalent) occur in an incised valley that erodes
into and sharply truncates Northern facies units.
Thus, the Kingston Peak Formation contains two
temporally distinct diamictite intervals separated
by a stratigraphic succession (most of the South
Park Member) marked by a uniform, consistent
facies character. This implies a period of relative
tectonic quiescence between two pronounced
episodes of extensional deformation.

One other stratigraphic issue needs to be re-
solved. On the basis of exposures in Surprise
Canyon (SU, Fig. 1), Miller (1987) concluded
that the “un-named limestone” and lower Noon-
day Dolomite were facies equivalents. However,
my mapping in the southern Panamint Range and
reevaluation of the Surprise Canyon mapping
has documented that the base of the Noonday
Dolomite cuts irregularly downsection to rest
variably on Wildrose Diamictite or “un-named
limestone” or older units (Fig. 2A). This indi-
cates that the lower Noonday Dolomite (a tan,
mostly microbial-laminated dolo[calc]micrite)
and “un-named limestone” (a gray, traction-
bedded, sandy, oolitic grainstone-wackestone)
are genetically unrelated. Consequently, as else-
where in Death Valley, the Kingston Peak For-
mation–Noonday Dolomite formation contact is
unconformable.

Thus, regional unconformities (and correlative
conformities) can be used to define three
Kingston Peak Formation tectonostratigraphic
units (Fig. 4A): TU1—Limekiln Spring–Surprise
Diamictite–Northern facies (KP2-3 only)–Sour-
dough Limestone; TU2—Middle Park quartz-
ite–“un-named limestone”; and TU3—Wildrose
Diamictite–Southern facies.

CHEMOSTRATIGRAPHIC DATA
The C isotope stratigraphy has become a

widely applied methodology for establishing
chronostratigraphy in otherwise unfossiliferous
or radiometrically undatable Precambrian rocks
(e.g., Kaufman et al., 1997). The C isotope data
(obtained and analyzed following standard tech-
niques, e.g., Kaufman et al., 1991) have proven
critical in establishing a unified Kingston Peak
stratigraphy and its correlation to other Neo-
proterozoic glacial deposits. Heavy δ13C trends
(Fig. 4B) mark the Beck Spring Dolomite and
KP1 limestones with values to 5.16‰ (most are
>3.0‰). Heavy values also characterize the
“un-named limestone” and Silurian Hills lime-
stone and range between 4.33 and 6.27‰ (such
heavy values are rare and this strongly supports
their correlation). In contrast, the Sourdough

Limestone and Noonday Dolomite, which im-
mediately overlie glaciogenic diamictites, rec-
ord marked negative shifts between –1.11 and
–2.56‰ and –1.88 and –4.86‰, respectively.
The Sourdough Limestone trend shifts toward

positive values (2.15‰) within 15 m of the
base, but the Noonday Dolomite trend remains
negative for more than 200 m. These trends and
the facies characteristics of the Sourdough
Limestone and Noonday Dolomite rocks match
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those of Sturtian and Varangian age cap carbon-
ates. Sturtian cap carbonates are dark colored
finely laminated dolo(lime)stones with δ13C
values lightest near the base (to –4‰), and be-
come heavier typically over 1–20 m. In contrast,
Varangian cap carbonates are cream-colored
laminated dolo(calc)micrites with light δ13C
values (to –6‰) for many tens to several hun-
dreds of meters above the base (Kennedy et al.,
1998; Kaufman et al., 1997). Consequently, I
interpret the Sourdough Limestone and Noon-
day Dolomite as the ca. 700 Ma Sturtian and
ca. 600 Ma Varangian caps, respectively (ages
from Young, 1995).

TECTONIC IMPLICATIONS,
SPECULATIONS, AND CONCLUSIONS

Unit TU1 contains compelling evidence for
syndepositional extensional tectonism that, given
the linkage of this succession to the Sturtian
glacial, occurred ca. 700 Ma. Similar evidence in
TU3 rocks and their link to the Varangian glacial
indicates that a second phase of extensional tec-
tonism occurred ca. 600 Ma. The intervening
~100 m.y. is marked by TU2, a relatively thin
succession that displays a uniform, consistent
facies character and thus provides no evidence to
infer deposition under the influence of exten-
sional tectonics. Its absence throughout much of
the Death Valley area mostly reflects erosional
removal (of an unknown amount), rather than
nondeposition, beneath the basal unconformities
of the Wildrose Diamictite and Noonday Dolo-
mite. These observations, coupled with the fact
that much of TU2 was derived from a western
provenance (Swanson, 1982), suggest that during
the ca. 700 Ma extensional episode the Death
Valley region was cratonward of the main area of
uplift (rift-flank uplift?) and lithospheric thin-
ning. This implies that TU2 would have formed
over lithosphere undergoing minimal thermal
subsidence, hence the lack of a well-developed
postrift stratigraphy following the ca. 700 Ma
extensional event. The later erosional beveling of
TU2 rocks indicates that much of the Death
Valley area east of the Panamint Range must
have straddled the region of doming associated
with the ca. 600 Ma event; thus the base of TU3
defines a breakup unconformity. The widespread
development of the post-Noonday Dolomite suc-
cession across the southwestern Great Basin can
therefore be attributed to subsequent thermal-
mechanical subsidence along thinned lithosphere
during rift to drift tectonics.

These data and interpretations show that the
conundrum between field geologists, whose ob-
servations imply an early rift event, and tectonic-
subsidence modelers, whose results require a
later rift event, is largely unfounded: apparently
both are correct. The challenge now is to devise
geologically compatible plate configurations for

Laurentia’s southwestern margin that account
for two discrete Neoproterozoic rifting events
separated by 100 m.y. or more.
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