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the province of Lower Mesozoic layered rocks
. western Nevada contains a diversity of marine
logies whose deposition continued locally as
.. as Middle Jurassic time. At places in the
_wince, mature quartz sandstone constitutes all
_art of the highest stratigraphic units in sections
/ son-voleanic rocks and is believed to record the
. deposition of terrigenous sediments before
“plete effacement of the marine basin by wide-
~ad orogeny. The sandstone was deposited early
. the orogenic episode and at least locally in
_uchs created by folding of subjacent rocks. The
_Js are anomalously mature with respect to
deposited  clastic components and to coarse
ital materials in nearly all earlier Mesozoic
s of the province. The problems are the source
~the quartz sand and the reasons the sand was
~osited synorogenically.

The name, Boyer Ranch Formation, is formally
aposed for a lithosome of homogenecous Jurassic
artz sandstone and basal conglomerate and lime-
~ac in the Dixie Valley region which is approxi-
ately in the northern third of the outcrop area
/ Jurassic quartz sandstone in western Nevada.
“z Boyer Ranch Formation contains up to 500 ft
- andstone, largely fine-grained calcareous quartz
“nite, whose granulometric properties suggest

} Department of Geology, Northwestern University, Evanston, Illinois 60201

jynorogenic Quartz Sandstone in the Jurassic Mobile
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jelt of Western Nevada: Boyer Ranch Formation

ABSTRACT

colian sorting, but whose bedding indicates quict-
water deposition. The sandstone lies above lime-
stone and carbonate-pebble conglomerate with
interstitial quartz sand.

The inferred early Mesozoic geographic and
tectonic histories in the Dixie Valley region suggest
that the sands of the Boyer Ranch Formation
accumulated at the eastern shoreline of the Meso-
zoic basin in western Nevada in late Early or
Middle Jurassic time. Until the onset of orogeny,
the sands remained unlithified, probably owing to
eoliansaltation, and followed a generally westerly
regression of the shoreline. Postulated strong wave
action prevented scaward movement of the sand.
The late Early Jurassic or Middle Jurassic (or both)
orogeny created local troughs which the sea re-
invaded and provided an irregularly configured and
low-energy shoreline environment such that move-
ment of the sand into the water was no longer
impeded.

The sands may have evolved locally through the
action of water and wind at the beach of the Early
Mesozoic sea in western Nevada, or they may have
been largely co-derived from a distant source with
sands in Jurassic rocks of the eastern Cordillera and
the Colorado Plateau.

NTRODUCTION

The region of western Nevada shown in
tigure 1 contains the southeastern portion of a
sroad province of lower Mesozoic rocks whose
wger distribution is partly shown by Muller
1949) and Silberling and Roberts (1962). The
sovince widely exposes deformed T'riassic and
wower Jurassic terrigenous and volcanic sedi-
rentary rocks and carbonate and volcanic
ks, Marine deposition was apparently con-
“auwous at places as late as Middle Jurassic time
Corvalan, 1962) before orogeny caused major,
‘not complete, withdrawal of the sea. Much of
"< region of Figure 1 contains sporadic ex-
sures of quartz sandstone, which wholly or

I<ological Society of America Bulletin, v. 80, p. 2551-2584, 9 figs., 1 pi., December 1969
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partly constitutes the highest stratigraphic
units in sections of non-volcanic Jurassic rocks.
We believe such quartz sandstones are litho-
stratigraphic correlatives which record the last
non-volcanic Mesozoic sedimentation in west-
central Nevada. It is uncertain, however,
whether the sandstone exposures are remnants
of a once continuous blanket. Deposition of
the quartz sand was contemporancous with the
beginning of orogenic movements, and at least
some sands accumulated in troughs created by
folding of subjacent Mesozoic rocks.

The quartz sand is anomalously mature com-
pared to co-deposited locally derived sediments
and to the sand fractions of nearly all preceding
Mesozoic clastic rocks. It would appear that
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" artz sand matured in an environment
i ‘Ill was different from that in which it and
""" cent Mesozoic rocks were deposited. The
! ives of our investigation are to determine
. most likely source of the quartz sand and
. easons why a mature sedun'ent should be
" ited under orogenic conditions. - )
) e porthern third of the belt of Jurassic
1z sandstone in western Nevada (Figs. 1
") contains a relatively homogeneous sand-
~unit, here designated the Boyer Ranch
I .qation. This paper focuses on the Boyer
b Formation with a view toward the
| wenvironment and tectonic events which
. 1o the deposition of the formation. The
in of Jurassic quartz sandstone at other
_esin western Nevada will be compared ina
¢ paper with the model set up here for the
..er Ranch Formation, and in that paper, the
e of quartz sand will be explored in a re-
.l context. In addition to its role in the
.lem of the origin of mature sand deposited
-ng orogenic movements, the Boyer Ranch
.mation is independently significant. It has
_«ly controlled the heat transfer and em-
-ement of a large complex of gabbro and
it whose parent magma would have formed
wld of surface lavas if the Boyer Ranch
“mation had not existed (Speed, 1968a).
“weover, the Boyer Ranch Formation pro-
ss an important key to a better under-
ing of the paleogeographic evolution and
he sequence and times of tectonic events in
-Dixie Valley—Carson Sink region of western
sada.
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“OYER RANCH FORMATION

‘srmation Characteristics

The name, Boyer Ranch Formation, is
‘wposed here for quartz sandstone and associ-
ved carbonate rocks and breccia which crop

BOYER RANCH FORMATION
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out in the northern Stillwater Range and the

Clan Alpine Mountains of western Nevada.

The rocks included in the Boyer Ranch Forma-

tion are the stratigraphically highest terrigenous

rocks in sections of Mesozoic age in this region.

The lithology of the formation is uniform ex-
cept for lateral variability in thickness and

composition of the basal member and differs

markedly from subjacent lithologies. Figure 2

shows the location and extent of the Boyer
Ranch Formation; the total arca underlain by
outcrops of the formation is roughly 8 sq mi,

but a line which circumseribes the region of
outcrop encloses about 640 sq mi. Thus, the ex-
posures of the Boyer Ranch Formation are
small and widely separated, and it is not certain
that the rocks included in the formation were
originally laterally contiguous. Nonetheless, the
distinctive lithology of rocks included in the
Boyer Ranch Formation and their contact
relations with older Mesozoic sedimentary
rocks and Middle Jurassic igneous rocks scrve to
identify the isolated exposures as lithostrati-
graphic correlatives.

Exposures of the Boyer Ranch Formation
were first mapped in the northern Stillwater
Range by Muller and others (1951) who in-
cluded them variously in units assigned to the
Paleozoic Havallah Formation, Jurassic diorite,
or Tertiary volcanic rocks. South of lat 40° N.
in the Stillwater Range, exposures of the Boyer
Ranch Formation were identified as probable
lithostratigraphic equivalents and were ac-
curately mapped by Page (1965). Speed (1966,
1968b) presented aspects of the stratigraphy
and structure of the formation.

The Boyer Ranch Formation contains basal
units overlain by quartz sandstone. The more
northeasterly exposures of the formation have
0 to 250 ft of basal dolomite conglomerate in-
terbedded with quartz sandstone, whereas the
“basal deposits in southwesterly exposures are
limestone and sandy limestone. The quartz
sandstone is uniformly fine grained and evenly
thin bedded, and the sand population is well
rounded and well sorted. Detrital components

are generally greater than 95 percent quartz.

The maximum preserved thickness of the
Boyer Formation is 500 ft.

The only organic components of the Boyer
Ranch Formation are algal stromatolites.” The
age of the formation thus has not been de-
termined paleontologically, but other lines
of evidence presented below indicate a Jurassic
age. The top of the Boyer Ranch Formation is

exposed at places in the Stillwater Range where -
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quartz sandstone is conformably overlain by
volcanic rocks which are believed to be part of
a Middle Jurassic igneous complex. The Boyer
Ranch Formation lies unconformably over
rocks of Late Noman (late Late Triassic) or
younger age at several placesin the Clan Alpine
Mountains and the Stillwater Range. Else-
where, the formation is thrust over Late Trias-
stc and Early Jurassic rocks.

The distinction between an unconformity
and a thrust fault depends largely on the con-
cordance of bedding in the Boyer Ranch
Formation and its base. Where the bedding and
basal surfaces are widely concordant, the con-
tact is interpreted as an unconformity although
at such contacts, bedding or its projection is
locally discordant to steep walls of channels in
the sub-Boyer Ranch surface. The occurrence
of conglomerate-bearing clasts of underlying
units at the base of the formation supports the
interpretation of unconformable basal contacts.
The Boyer Ranch Formation is strongly folded,
but at many places the surface separating the
Boyer Ranch Formation from subjacent rocks
is not co-folded with bedding in the formation.
That is, the basal surfaces are planar or broadly
undulating, whereas the bedding is far more
intricately deformed. Such contacts are thrust
faults, an interpretation supported locally by
brecciation in both plates and by the occur-
rence in the Boyer Ranch Formation of car-
bonate conglomerate structurally separated
from the contact by homogeneous quartz sand-
stone. At some places, bedding in quartz sand-
stone in the Boyer Ranch Formation overlying
thrust faults has been neatly obliterated, sug-
gesting that the sandstone may not have been
well lithified during thrusting. In the Sall-
water Range south of 40° N., our interpretation
of thrust versus depositional contact at the base
of the Boyer Ranch Formation agrees in almost
all cases with that of Page (1965).

The Boyer Ranch Formation is widely in-
vaded by intrusive rocks of the Middle Jurassic
igneous complex, and the formation occupies
an annular region in plan about the elliptical
igneous body (Fig. 2). In particular, most of
the blocks of Boyer Ranch Formation which
lie on-thrust faults contact large masses of
gabbro. The distribution of allochthonous
Boyer Ranch Formation is believed to be large-
ly due to the emplacement of the igneous com:
plex which caused radial thrusting of the Boyer.
Ranch Formation onto_the flanks of 1ts dep-
asitional basin (Speed and Page, 1965; Speed,
1968a, 1968b). On the basis of this theory, dis-

placements on the thrust faults are of the order

SPEED AND JONES-—BOYER RANCH FM., W. NEVADA

of a few miles such that blocks of the B £
Ranch Formation have not been moved
from their sites of deposition. The displace; &
vectors are thought to emapate from a.

source which would run from the Buenal §. «-Bo.- R
Hills through northern Dixie Valley. The § wnge ~od
tribution has been further complicated §.-ccly "2 ¢
Tertiary normal faulting. s st 'gil
Regional Relationships (:(::I f :;;
General. The distribution and physg.cryy. .re
relationships of the Boyer Ranch Forma:§. :cxs).
relative to subjacent rocks suggest that it-
deposited in a restricted area over whic ’;Y st
particular set of paleogeographic and tectc§ * 7" ‘;ﬁ’l
conditions existed. The occurrences of qu: ,'”:(t st
sandstone of age and physical attributessim§ ;1 -pan
to those of the Boyer Ranch Formationat: | g gely
tain places to the south and southwest of D'} . 4 cc. 2tive
Valley, however, indicate that such condit: § - upr 2000
obtained locally elsewhere in western Neva e
The pre-Tertiary rocks of the Dixie Va.f *Re. -l li
region are almost entirely Triassic and Lo =me. ¥ ro
Jurassic sedimentary rocks and Jurassic m:§ "‘(‘}”7 A ‘: '
igneous rocks (Fig. 2). The east side of Figu§ r()y_ 1\12;
is within 35 miles of the easternmost « mp; flby
mentary rocks of the western Nevada Meso: § .. 3¢
province at this latitude.! The presenteasi{ .. g ifeant
margin of Middle and Upper Triassic rok'} © cxpid trac
regarded by Silberling and Roberts (1962 - nor . of F
indicating approximately the maximum ext' § - . berlin;
to which the Mesozoic sea transgressed 0'f #ubl: “ed ma
the province from the west. Lower Jura{ “sic wocks «
-pihe sountar |

deposits lie at least 40 miles west of the east:
most Mesozoic rocks, and the distributions
the Jurassic and uppermost Triassic (Up;
Norian) rocks (Willden and Speed, in pr
suggest that the shoreline moved west and !
came more irregularly configured during ©
time interval. The marine basin was eradicd”
probably in Middle Jurassic time by a regt”
orogeny whose initial movements were
as Toarcian (late Early Jurassic) near A\’(v’
(Fig. 1) by Ferguson and Muller (1949)- 1
first movements occurred approximately at !
same time in the Dixie Valley region, but wiit
this region the phases and styles of deformat*
are areally variable. .

Pre-Boyer Ranch Formation Rocks. R
of the Dixie Valley region which are older "I‘.’y
the Boyer Ranch Formation are divided 1

1The easternmost beds are in outlier of T
conglomerate and limestone in the Hall Creck qundﬁ‘:’
of the Toiyabe Range; the deposits were recently *
covered by J. H. Stewart of the U.S. Geological 567
The beds are equivalent to part of the Augusta seq*
of unic IT (J. R. MacMillan, oral commun., 1969)-
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BOYER RANCH FORMATION

¢ units® whose properties are summarized
“he following and whose distributions are
;,\\‘n in Figure 2. )

"1 L Triassic SHALE AND SILTSTOI\{E. The
_-Boyer Ranch terrain in both the Stillwater
Lsnge and Clan Alpine Mountains consists
ccly of a succession of Norian (upper Upper
-ssic) rocks which are dominantly shale and
one. The exposed thickness of the succes-
,] may be as great as 20,000 ft, and its base is
";.rywhere covered (Willden and Speed, in

in the western Stillwater Range south of Red Hiil
) Triassic shale and siltstone, which are commonly
v or phyllitic, are continuous with Lower Jurassic
?;’,«;rcous siltstone, shale, and silty limestone of unit III.
tn the Clan Alpine Mountains, the Triassic’section
Lsists largely of shale and siltstone, but it contrasts
;;h correlative rocks in the Stillwater Range because
. upper 3000 {t contains about 40 percent limestone,
w,/‘-__

t Regional lithostratigraphic groupings of Mesozoic
entary rocks in the region from Dixie Valley as

i

19) and Muller and others (1951), who differentiated
i rocks into two facies which were believed to be
ataposed by the Tobin thrust. More recent studies
ate that if the Tobin thrust exists, it is unlikely to
e significantly redistributed Triassic rocks and that
. exposed trace Is confined to a small area at least 5
. north of Figure 2 (Silberling and Roberts, 1962;
. ]. Sitberling, oral commun., 1968; R. C. Speed,
_-ublished mapping in Stillwater Range). Triassic and
assic rocks of the Stillwater Range and the Clan
¢aine Mountains (south of Spring Creek) in Figure 2
sie included by Muller (1949) in the lower Plate
iics which has been redesignated the Winnemucca
spence by Silberling and Roberts (1962). Triassic
ks of the Augusta Mountains are part of the Upper
e facies called the Augusta sequence by Silberling
#! Roberts (1962). The informal pre-Boyer Ranch
secmation units presented in this paper and shown on
ure 2 differ from previous groupings by the isolation
i Lower Jurassic rocks and of certain Upper Triassic
-grained clastic rocks from the Winnemucca sequence
4 by the lumping of the remainder of the Winnemucca
sith the Augusta sequence, The assignment of Triassic
#tks to units I and II is based on differences in lithology,
kness, and age of youngest beds, but the stratigraphic
«divisions contrast as well in tectonic style. One of the
=icepts employed by Muller (1949) for facies designa-
«on of Triassic rocks was intensity of folding, namely,
#1 beds of the now-called Augusta sequence are slightly
suped at best, whereas beds of the now-called Win-
wmucca sequence are structurally complex. Muller’s
#ew finds little support in the Dixie Valley region, for
% rocks in the Augusta and Winnemucca sequences
#igned here to unit II are deformed rather similarly;
oreover, their deformation contrasts markedly with
“atof the other Triassic rocks which are here grouped
sunit I,

. north as Winnemucca were first presented by Muller-
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and the upper 1700 ft is massive limestone and dolomite,
Late Norian faunas of the Rhabdoceras suessi Zone of
Silberling and Tozer (1968) occur within about 1200 ft
of the eroded top of the section, but the uppermost
rocks contain no age-indicative fossils. Because of their
small area of exposure, the undated rocks are included
with subjacent Triassic rocks in unit I on Figure 2. On
Plate 1, however, they are differentiated in the type area.
The lithologic similarity of the undated rocks to the sub-
jacent Norian carbonate rocks may suggest the section
is entirely Triassic (but it is possible that they may be
partly correlative with Lower Jurassic rocks of unit IIT
in the Stillwater Range). In the Clan Alpine Mountains,
the stratigraphic relief of the section below the uncon-
formity which undetlies the Boyer Ranch Formation is
about 1100 ft,

The east flank of the Stillwater Range and the north-
ern part of the range between Boyer Ranch and Fence-

“ maker Canyon (Fig. 2) contain no Jurassic sedimentary

rocks like those on the west flank discussed above. In this
region Late Triassic shale and siltstone are the youngest
exposed sub-Boyer Ranch rocks with two exceptions.
First, an erosion remnant of at least 100 ft of Upper
Norian massive limestone like that in the uppermost
Triassic (and Triassic) section in the Clan Alpine Moun-
tains overlies Triassic shale about 7 miles north of Boyer
Ranch. Second, the Boyer Ranch Formation near the
mouth of Cottonwood Canyon near Boyer Ranch (Fig.
2) lies unconformably above a unit of very fine-grained
sandstone and siltstone with abundant ripple marks and
slump structures which has no counterpart elsewhere in
the Stillwater Range. Lithologically similar rocks, how-
ever, occur with massive limestone near the top of the
Triassic section in the Clan Alpine Mountains, The
exceptions thus suggest that the Upper Triassic shale and
siltstone of the northeastern Stiflwater Range may have
been overlain by an Upper Norian (and perhaps younger)
carbonate-rich section like that of the Clan Alpine
Mountains. This concept is supported by lateral varia-
tions in the lithology of the basal member of the Boyer
Ranch Formation. In the northern Stillwater Range
from Red Hill to Boyer Ranch and in the Clan Alpine
Mountains, the basal member is chiefly carbonate-pebble
conglomerate, whereas to the south and west in the Still-
water Range, the basal member is mostly limestone. The
clasts in the conglomeratic facies are uniformly massive
light- to dark-grey dolomite and limestone, which in the
Clan Alpine Mountains were clearly derived from sub-
jacent carbonate rocks, The similarity of composition and
size distribution of the coarse components in the con-
glomerate across its outcrop belt (~20 miles wide),
together with high clast angularity, argues for a homo-
geneous clast source which paralleled the belt of con-
glomerate,

Facies changes in the T'riassic rocks of unit I
thus occur in the uppermost few thousand feet
of section of Late Norian age. A carbonate-rich
section exists in the northern Clan Alpine
Mountains and is inferred to have extended
northwest across the Stillwater Range as far as
Red Hill (Fig. 2). Southwest of this belt, upper-
most Triassic rocks are chiefly siltstone and

|
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shale like the rest of the Triassic section. The
carbonate-rich facies was probably almost co-
extensive with the basal carbonate conglomer-
ate of the Boyer Ranch Formation, and it was
apparently the sole source of the pebbles in the
conglomerate.

The large deformation of rocks in unit I pre-
vents a clear reconstruction of the original dis-
tribution of Upper Norian facies; their present
distribution suggests, however, that a Late
Norian shoreline lay not far to the north and
east of the inferred belt of carbonate rocks. The
occurrence of robust shelly faunas and the
relative coarseness of clastic interbeds in the
carbonate rocks support the idea that thisis a
shoreward facies. Moreover, the increasing
abundance of the massive carbonate rock
toward the top of the carbonate facies of the
Triassic section implies general shallowing of
the sea with time, suggesting thereby a proba-
ble southwestward migration of the shoreline.
Unrt II. Triassic Rocks, PREDOMINANTLY
Livestoxe: Rocks included in unit 1T are
chiefly Middle and Late Triassic carbonates
which are as young as Middle Norian (Silber-
ling and Roberts, 1962; N. J. Silberling, written
commun., 1968). The time overlap between
rocks of units I and II is not yet clearly defined,
but it apparently spans much of the Early and
Middle Norian stage. Rocks in the Augusta
Mountains consist of at least 5000 ft of carbo-
nate rocks overlain by perhaps 2000 ft of quartz
sandstone with interbedded limestone, shale,
and conglomerate of the Osobb Formation
(Muller and others, 1951). In the northern
Stillwater range, the Trassic section is of
similar thickness and contains about 60 percent
carbonate rocks and 40 percent shale, siltstone,
and quartzite. Here, the Triassic rocks lie
over metavolcanic rocks correlated with the
Koipato Formation of Triassic and Permian
age according to Silberling and Roberts (1962).
Exposures of the Koipato Formation have been
included in unit I in Figure 2.

Parts of units I and I are surely lithogenetic
facies as advocated by Silberling and Roberts
(1962, p. 21), but they are separated in this
paper because of certain differences which may
relate to the origin of the Boyer Ranch Forma-
tion. Rocks of unit I are substantially more
pelitic and at least twice as thick as correlative
rocks in unit II. Moreover, unit I contains
thick deposits (for example, 6000 {t) of Triassic
rocks which are continuous at least in part with
Lower Jurassic rocks and which are younger
than rocks of unitII. Perhaps most importantly,

the phases and styles of folding in unit I dif
from those of unit II. :
Unirr 1L Jurassic SiLTsTONE AND LiMEesTO:
In the western Stillwater Range, Triassic sk
and siltstone are continuous with Lower Jura:
marine sedimentary rocks which consist o
few hundred feet of calcareous siltstone, sh:
and silty limestone, The youngest fossils ¢
tained from these beds are Sinemurian or po:
bly, Toarcian (Page, 1965; Young, 1963; N,
Silberling and R. E. Wallace, oral commu:
1963). A few miles north of the Buena Vi
Hills in the Pershing Mining district of t
Humboldt Range, N. J. Silberling has definite
identified Toarcian fossils in a section of abo
300 fc of Lower Jurassic rocks (written cox
mun., 1964).

Lower Jurassic siltstone and silty limestone occur oz
above the shale facies of Upper Notian rocks of unit
This relation could imply that the margin of the pres:
distribution approximates the Early Jurassic shoreline
that the carbonate facies of unit I is actually Jurassic
part. The Lower Jurassic fine-grained clastic rocks dif:
from subjacent Norian pelites by being far more cale:
eous and containing abundant thin limestone interbe:
Moreover, the rate at which Lower Jurassic deposits .
cumulated may have been two orders of magnitude '
than the Norian rate, provided Eatly Jurassic depositic
was continuous. The latter points suggest a change ¢
depositional environment from Norian to Early Juras ‘
time which was perhaps associated with westward migt
tion of the more stable platform on which the mass:
beds of carbonate facies of unit I had been deposited.

Twenty miles west of the Stillwater Range in the Wes
Humboldt Range, Lower Jurassic rocks are in far great¢
abundance than in the Stillwater Range. The total thick
ness of the Lower Jurassic section in the West Humbold
Range is uncertain, because the Mesozoic rocks there a?
in a pile of thrust nappes (R. C. Speed, unpublish;‘:
mapping). The thickest continuous section of Lowt'
Jurassic rocks, however, is around 1000 to 1200 ft, Pro
vided the nappes are not far-travelled, it would appe”
that rocksin the West Humboldt Range indicate a Lowe!
Jurassic thickness gradient with a strong westerly com
ponent. The youngest faunas obtained from these rock*

are Toarcian. In the northern West Humboldt Rangt |
1 o (S
5 miles east of Lovelock (Fig. 1), several hundred fect @ ;

gypsum and sandy limestone lie conformably above v
fossiliferous calcareous siltstone which is lithologk}“."
identical with the rocks bearing Sinemurian and Toarci#!
fossils, Twenty-five miles southwest of Lovelock in the
Mopung Hills, calcareoussiltstone and limestone believet
to be Lower Jurassic (Willden and Speed, in press) M
overlain by gypsum, quartz sandstone, and limeston®

The structure of rocks in units I and IH ¥
complex; Triassic shale and siltstone and Lo“"'{
Jurassic rocks are tightly co-folded about a3
which plunge both in westerly and easter’!

iections (Willden and Sy
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Ml stides during first folding. The deforma-
; began @ after deposmon of unit IT1, hence,

) .@xrcmn or later time.
eds of unit 1T are relatively broadly folded
.ut northerly axes in the northern part of
“re 2; ncar the join with unit I, however,
1 limbs are locally tightly appressed, and
1 are overturned (R. C. Speed and . R.
_Millan, unpublished mapping). The con-
. between units I and IT is a tectonic zone in
.‘h, at least in the Stillwater Range, rocks
qit I have ridden north over those of unie I1,
« equivalent contact between units I and II
‘e northern Clan Alpine Mountains is con-
ded by Tertiary deposits, but the contrast
. gructure across the 4-mi covered interval
gests a comparable relation to that in the

- water Range. The displacement of unit 1

o unit ITis not great, however, because
cglomerate wedges in the eastern Clan Alpine
Jntqms indicate unit I has not moved far
h from likely pebble sources which lie to
: cast. Broadly, the relations discussed above
gest that fine-grained clastic sedimentary
bs (unit T) collected in a rapidly subsiding
snin Late Triassic time and then were up-
-2d, deformed, and transported to the north
«r partly contemporaneous shelf facies (unit
early in the Jurassic orogeny.
The first folds in units T and IIT and the
wust surface which separates units I and 111
=m unit II in the Stllwater Range are de-
med together with beds of unit IT in folds
ich have northerly axial traces. The early
ds of units I and IIT thus formed before or
L:ing the overriding of unit IT by units T and
LIn the Stillwater Range the Boyer Ranch
smation is truncated at one place by the
aust which brought unit I over unit II. The
sposition of the Boyer Ranch Formation thus
cweded thrusting of unit I and the second
e of folding. It is believed that the deposi-
un occurred during the eatly stages of first
ading of units I and 111
Regional Setting of the Boyer Ranch Forma-

on. The distribution of outcrops of the

over Ranch Formation is clearly not co-
ensive with the original distribution of the
At because the Boyer Ranch Formation is
amcated on the north by the tectonic zone
‘hich separates units I and II and is covered
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on the east and west sides by Cenozoic deposits.
Nonetheless, it seems clear that the Boyer
Ranch Formation lies only above rocks of units
I and JIT and is absent from terrain underlain
by unit IL Tt is unlikely that the Boyer Ranch
Formation is absent above unit II due to less
probability for preservation there than over
units I and III, because the deformation of
rocks in unit II is far less than that in units I
and 1T and because of the overriding of unit IT
by units I and III. Rather, the evidence sug-
gests that the Boyer Ranch Formation was not
deposited on unit II. Moreover, absence of
Upper Norian and Lower Jurassic rocks in unit
Il in Figure 2 and in equivalent rocks to the
north in the Mt. Tobin quadrangle (Muller and
others, 1951) suggests that deposition in the
Mesozoic basin where unit 1T was deposited may
have ceased before Late Norian time. In con-
trast, the rocks subjacent to the Boyer Ranch
Formation represent marine deposition through
Norian time and, at least in part, through
Early Jurassic time.

The Boyer Ranch Formation thus was de-
posited in an area which in slightly earlier time
had likely been a shoreline environment. The
erosional and angular unconformities below the
Boyer Ranch Formation indicate that uplift
and deformation occurred between the deposi-
tion of the Boyer Ranch Formation and that of
subjacent beds.

The absence of the Boyer Ranch Formation
from the West Humboldt Range, from 10 to 15
miles west of Figure 2, where Lower Jurassic
rocks are overlain conformably by undated
gypsum and sandy limestone suggests that the
Boyer Ranch Formation was not deposited very
far west of its present outcrop area. Indeed,
these undated beds and Boyer Ranch Forma-
tion may be lateral equivalents. The correlation
is supported by the association of quartz sand-
stone, gypsum, and limestone above Lower
Jurassic rocks in the Mopung Hills, at the
southern tip of the West Humboldt Range.
Further, the gypsum deposits near Lovelock
and those in the Mopung Hills are older than
gabbroic rocks which are correlated with the
Middle Jurassic igneous complex such that the
gypsum beds and the Boyer Ranch Formation
have similar minimum ages.

The gypsum beds imply some degree of re-
configuration of basin geometry after deposition
of the Lower Jurassic rocks such that con-
strictions developed which impeded outflow
of saline waters. If the constrictions had a tec-
tonic origin, they may have been contempora-
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neous with the movements recorded by the
basal unconformity and lithology of the lower
member of the Boyer Ranch Formation. The
present evidence broadly suggests that the
gypsum beds may occupy the more offshore
parts of the inherited, but somewhat recon-
figured, Early Jurassic basin, whereas the Boyer
Ranch Formation lies in the vicinity of the
shoreline.

Post-Boyer Ranch Formation Rocks. The
Boyer Ranch Formation is conformably over-
lain by up to 2000 ft of lava, tuff breccia,
laminated tuff, and volcanic sandstone of
basaltic and keratophyric composition. The
volcanic rocks (Jurassic basalt of Fig. 2) occur
only within the perimeter of the outcrop area
of the Boyer Ranch Formation, and they con-
tact no sedimentary unit other than the Boyer
Ranch Formation. The relations indicate that
deposition of the volcanic rocks and the Boyer
Ranch Formation occurred in the same basin
or series of basins.

Both the volcanic rocks and the Boyer
Ranch Formation are intruded by gabbroic
rocks whose compositional trends are similar
to those of the volcanic rocks. The intrusive
body is mushroom shaped and occupies about
450 sq km in plan. Part of the bottom of the
igneous body is thought to be the erosion sur-
face which underlies the Boyer Ranch Forma-
tion. The volcanic rocks cap the intrusion as

well as the annular Boyer Ranch Formation. -

The geometric relations and compositional
similarities of the volcanic and intrusive rocks
indicate they are co-magmatic. The confine-
ment of these relatively large masses of igneous
rock to space on and within a single sedimentary
unit, the Boyer Ranch Formation, argues for
control of the distribution of the igneous
materials by the particular properties of this
sedimentary rock, a matter to be explored else-
where.

Potassium-argon ages of a hornblende-biotite
pair and an individual biotite from the gabbro
are, respectively, 165-145 m.y. and 150 m.y.
Assuming argon retention in the hornblende
was superior to that of biotite (Hart, 1966)
during Cretaceous and Tertiary thermal events
in the Basin and Range, the age of the gabbro
is most likely Middle Jurassic (Howarth, 1964).
The age of the gabbro supplies a minimum age
of Bathonian for the Boyer Ranch Formation.
It the deposition of the volcanic rocks and
Boyer Ranch Formation was continuous, the
Boyer Ranch Formation cannot be much older
than the gabbro.

Succeeding events in the vicinity of the
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intrusive
top contact

Boyer Ranch Formation were the intrusion ¢ o,
widely separated granitic plutons, probably i
Cretaccous or Tertiary time, and Tertiary .
volcanism and block faulting. i

Stratigraphy

|
No single section contains the depositional ..
bottom and top of the Boyer Ranch Formation.
Consequently, no adequate type section exists, ,
and we have selected a type area for systematic ;
description on the basis of the relative clarity:,,
with which the stratigraphy, structure, and !
basal contact relations can be interpreted. The ',
type area, north of Shoshone Creek in the
northern Clan Alpine Mountains, exposes the , |
unconformable base of the Boyer Ranch For-
mation over a relatively large outcrop length.

R 151 L PR AP

Unfortunately, the top of the formation is not ::
preserved in the type area, but at other places e
where the depositional top is exposed, the large v
amount of intrusive rocks and extent of internal = 2

deformation and metamorphism obscure the pose | "fouit .
Boyer Ranch stratigraphy. e Flonk
The formation is named after the Boyer Ronge
Ranch, a prominent landmark in northerr. P
Dixie Valley, which is near the center of th " 3¢ 3. S_t'“t;g::ﬁo:s

area of exposure of the formation, Exceller. “7ation section fo
outcrops of the Boyer Ranch Formation occ:: U ——
two miles northwest of the Boyer Ranch ar.vr.e.‘g Jcr_O}l) oa b s Ll
mouth of Cottonwood Canyon which is'a" "“i“ gsdaéoe )ﬁ‘l £ rob
cessible from the Dixie Valley Road. ‘ﬂ’fdl HEEC : ull OClIﬂJ Irlo &
The descriptive stratigraphy of the Boyef 'f’fl)%y wpealiamiliones s ¢
Ranch Formation is derived chiefly from three! :j oring ra‘nges £
incomplete sections (Fig. 3), each of which is*® 1'1“1 (gl p'res?ianch .
believed to have stratigraphic continuity., To-  *1¢ bOYer formably
gether with obscrvations at other points, the ir[ea o uncol? Fwhicl
sections indicate that the Boyer Ranch F orma-" CS‘?LlOl[C. . oc-l $ 02‘6 650 ‘
tion consists broadly of two members: a basal# m_{“ oL perhaps The s |
limestone or limestone and dolomite-pebbl ™" “‘C‘ ty pedqreai flellb
conglomerate with pebbly quartz sandstone ™' dlb'CllSSCd 111;1.6 Om(i‘
and an upper homogencous quartz sandstone. 'S ‘f“ el fneres
Macroscopic compositional and textural trends "COMOrMILY:
in the Boyer Ranch Formation are observable (2 Afassive dolomite and \
only in the basal member which is largely con- thick): chiefly medium grey
glomerate in the northeastern half of the out- sive dolomite; almost entire «

crop arca and limestone in the southwestern but 10 to 400 ft in block 11 (
half. massive, white, grey, and bl |

. fauna.

Type Area " i l'(b) Limestone anz.l mn{d.f/; ‘
General Geology. The type atea of the fubeies @ onte (T

Boyer Ranch Formation covers about onc-halt riey, 5 aanic debris, sparse

square mile in the northern Clan Alpine Mound” thick of thin-bedded very fi -

tains, two miles due north of Shoshone Creek. 100 1o 200 ft are red very

A geologic map and cross sections of the type silistone with current stru

area arc on Plate 1%, Mesozoic rocks in the type narks; Monotis subcireularis
(c) Lumestone, shale, an

.+ hickness uncertain owing

location

|

* See Plate Section for all plates.
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Consequently, no adequate type section
and we have selected a type area for sysy
description on the basis of the relative
with which the stratigraphy, structur
basal contact relations can be interprete
type area, north of Shoshone Creek j
northern Clan Alpine Mountains, expo
unconformable base of the Boyer Ranc]
mation over a relatively large outcrop |
Unfortunately, the top of the formation
preserved in the type area, but at other

o, .

o
3

. . SEERENS E
where the depositional top is exposed, thy T Tee
amount of intrusive rocks and extent of in 1 ol Y
deformation and metamorphism obscuruse |l Sncontormity  “sacontarmity
Boyer Ranch stratigraphy. Trotion | Biest Flonk BLower Cotton- @ Block 1,

. N X Stiliwoter wood Conyon, Type Areg,
The formation is named after the : Ronge Siillwoter clon Alpine
ange ange

Ranch, a prominent landmark in no

Dixie Valley, which is near the centey sre 3. Stratigraphic Sections of Boyer Ranch

area of exposure of the formation. E\,(nion section locations on Figure 2 and Plate 1.

outcrops of the Boyer Ranch Formaticn. . ;.

two miles northwest of the Boyer Ranch¢fopP out 1n a northerly tr.end.mg. blO.Ck

mouth of Cottonwood Canyon whicy 1 s largely in fault contact with ignimbrite

cessible from the Dixie Valley Road. redded tuff of probable Miocene age. The
The descriptive stratigraphy of the Y of the Clan Alpine Mountains and

Ranch Formation is derived chiefly fre pboring ranges is given by Willden and

incomplete sections (Fig. 3), each of +/i (in press). o
believed to have stratigraphic continu t¢ Boyer Ranch Formation in the type

gether with observations at other poi nls.unconformab.ly underlain by Lower
sections indicate that the Boyer Ranch 70! rocks, of which the upper 3000 out of
tion consists broadly of two members: 2 of perhaps 20,000 {t of section is exposed
limestone or limestone and dolomitc-¢ YPE area. The sub-Boyer Ranch rocks
conglomerate with pebbly quartz s yscussed in the following, as three informal

and an upper homogeneous quartz sa ¢ order of increasing distance below the
Macroscopic compositional and texturz plormity:

n the Boyer Ranch Formatlpn arc 0b.Cytassive dolomite and limestone (400 to 1200 ft
only in the basal member which is larg t: chiefly medium grey fine- to coarse-grained mas-
glomera,te in the northeastern half of blomite; almost entire section at places is dolomite,

crop area and limestone in the soutl to 400 ft in block IT (see later) is thick bedded to
half. ¢, white, grey, and black limestone; no diagnostic

Type Area Limestone and sandstone (600 ft thick): largely
General Geology. The type area (cd(;ied to massi\fc, dark-grey ta black cherty lime-
Boyer Ranch Formation covers about A)rm massive w.lnte and grey limestone, commonly
et .- Yorganic debris, sparse interbeds up to a few feet
square mile in the northern Clan Alpine 3 thin-bedded very fine-grained sandstone; lower
tains, two miles due north of Shoshont 4 200 ft are red very fine-grained sandstone and
A geologic map and cross sections of tace with current structures, slump folds, ripple
area are on Plate 1*. Mesozoic rocks in thi Monozis subcircularis throughout unit,
Limestone, shale, and siltstone (1500 ft thick):
ess uncertain owing to internal faulting; about

* See Plate Section for all plates.

40 to 50 percent thin-bedded to massive, black cherty
limestone, percentage increasing toward top; units of
homogeneous limestone from few inches to greater than
200 ft thick; 50 to 60 percent locally slaty, orange-
weathering green shale and siltstone; minor current-
bedded, ripple-marked calcareous sandstone and shelly,
silty limestone; base is faulted; unit overlies thick (5000
ft) mudstone-shale-slate at Hoyt Canyon, 7 mi south-
west; Monotis subcircularss, Hallorellititid brachiopods,
Septacardia sp.

Unit (b) and the upper part of unit (c) are in
the Rhabdoceras suessi Zone of the Upper
Norian as established by Silberling and Tozer
(1968), but the lower part of unit (c) lies in
zone of Steinmannites beds of the Norian stage
(N. J. Silberling, written commun., 1968).
Unit (a), however, has no age-diagnostic fauna,
and it could be Early Jurassic. The maximum
possible age of the Boyer Ranch Formation in
the type area is thus Upper Norian. Middle
Jurassic gabbro and related igncous facies in-
trude and lie above the Boyer Ranch Forma-
tion. Thus, the minimum age of the Boyer
Ranch Formation in the type area (and else-
where) is Bathonian (late Middle Jurassic).

Unit (a) is largely massive gray dolomite, but
bedded limestone of variable thickness occupies
the basal part of the unit. The change from
dolomite to limestone is gradational over an in-
terval of about 3 ft, and the zone of transition is
discordant to bedding in unit (a) (PL. 1, map
and section AA’). Although the three-dimen-
sional configuration of the dolomite is not well
known, a rough parallelism may exist between
the base of the dolomite and the unconformity
which underlies the Boyer Ranch Formation.
The dolomite rock is broadly homogencous,
but it contains vestiges of bedding and organic
material and has variable grain size. The at-
tributes of the dolomite indicate that it is a
product of replacement of limestone of unit (a)
and that the source of magnesium was surface
water rather than solutions from depth.

The configuration of the body of dolomite
indicates that replacement. occurred after
warping and erosion of unit (a). The pebbles
in the basal conglomerate of the Boyer Ranch
Formation, though almost all dolomite, are
texturally diverse and have distinct contacts
with the carbonate matrix. The relations in-
dicate that the conglomerate contains dolomite
detritus rather than limestone clasts which were
replaced i situ; thus, dolomitization preceded
deposition of the Boyer Ranch Formation. The
present investigation provides no further
grounds for reconstruction of the paleogeog-
raphy during dolomitization. Whatever the en-




2562

vironment, it must have been widespread such
that the Late Norian (and younger?) carbonate
facies between the type area and Red Hill in
the Stillwater Range were dolomitized. It is
tempting, however, to suggest that precipita-
tion of gypsum in waters to the southwest of
the belt of calcareous deposits produced a
Mg-Ca ratio sufficient for dolomitization of the
adjacent carbonate rocks.

Structure. The Boyer Ranch Formation at
the type area is exposed in three fault blocks

which are delineated on Plate | as block 1, II,

and I ‘

Brock I. The southern block is separated from
block IT by a normal fault which cuts the upper
part of the Boyer Ranch Formation within
block 1. Block I largely consists of dolomite of
unit (a) and limestone of unit (b) which are
overlain by up to 400 ft of Boyer Ranch Forma-
tion. Near the east end of block I, a thrust fault
brings the Boyer Ranch Formation and sub-
jacent rocks over Triassic rocks of unit (c). A
sheet of polymict breccia of gabbroic rocks lies
over dolomite of the allochthonous unit (a)
near the eastern edge of block I. The breccia
is unlithified and unsorted; fragments are as
large as 20 ft in maximum dimension and are
highly angular. The breccia can only be dated
as earlier than the Tertiary volcanic rocks. The
breccia of block I may be a klippe of the thrust
plate designated as block IIT in which similar
gabbro breccia is widespread. If true, the block
HI thrust originally covered the entire type
arca. An alternative to the above hypothesis
is that the breccia sheet of block T was a slide
from pre-existing breccia in block 111, but was
not temporally related to the emplacement of
the block III thrust.

Beds in the allochthon of block I which con-
tains the Boyer Ranch Formation mostly oc-
cupy the northerly limb of a macroscopic anti-
cline (section BB’, Pl. 1) which is overturned
to the north. Figure 4a shows the distribution of
bedding poles {or the Boyer Ranch Formation
and subjacent rocks of units (a) and (b). The
best fit® cylindrical axis for all the poles of
Figure 4a plunges 32° N., 78° W. Exposures
of the Boyer Ranch Formation in block I, how-
ever, occupy only a small interval on the fold
profile such that the 7S, distribution of Boyer
Ranch poles falls far short of a great circle.

8 The fit was obtainzd by finding the orientation of the
plane in spherical space which minimized the sum of
squares of the normals between the plane and poles to
bedding on a unit sphere. The projection of this plane
on the equatorial plane is the best fit great circle through
bedding poles on the equal arca net.
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The use of the above axis for the Boyer Rand
Formation requires that the Boyer Rand
Formation is folded coaxially with subjacer
rocks, an assumption which seems valid by th
parallelism of bedding strikes on both sides ¢
the contact. The base of the Boyer Ranc
Formation in block I is thus implied to be eithe
an erosional unconformity or an angular un
conformity without discordance of strike.
Brock II.  The south side of block IT is norma
faulted against block I, and the northern margi
of block II is the trace of the thrust whicl
separates the allochthonous rocks of block Il
from block II. Block II contains faulted sec
tions of sub-Boyer Ranch rocks which expos
nearly all of units (a), (b), and (c). The Boye:
Ranch Formation is exposed only on the wes
side of block IT where it is unconformable o
beds of unit (a) with angles as great as 32°
Bedding in the Boyer Ranch Formation an
sub-Boyer Ranch rocks in block II is folde
about axes which plunge 35° to 50° to th
northwest. The axial surfaces are vertical o
inclined as much as 70° SW.

The westernmost fold of block II is an over
turned syncline in which the core is largel
occupied by the Boyer Ranch Formatior
Figure 4b shows a 7S, diagram for the Boyt
Ranch Formation and for beds of units (a) an
(b) which are apparently folded in the sam
syncline. The cylindrical axis which best fit
the totality of poles plunges 39°, N. 32 W.
best fits for the Boyer Ranch poles and fo
poles of units (a) and (b) obtained separately
however, are not coaxial. The difference 1
otientation of the two axes, as well as the greate
scatter of poles of the sub-Boyer Ranch rock
than of the Boyer Ranch Formation, may b
explained by the existence of gentle folds in th
sub-Boyer Ranch rocks of block II whose ase
differed from those of the later, more appresse
folds.

In the northwestern corner of block 1I
bedding attitudes indicate overturning ¥
southwesterly directions, that is, opposite ¥
the northeasterly overturning prevailing els¢
where in block II. This arca also contains min®
folds and widespread breccia, both of whicl
are rare elsewhere in block II. The arca @
anomalous structure adjoins block III and li¢
just below the southward projection of the
thrust which bases block TIT. The evidence tht
indicates reorientation of carlier structures an,
brecciation of lower plate rocks which we*y
near the thrust that transported Boyer Ranc ¢
Formation and gabbro of block IIT. Beddi® ;
attitudes in the area of reortented structtf®
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were not used in the axis computation of
Figure 4b.

Brock III.  Block IIT underlies the northern
part of the type area; its boundary is a thrust
fault with respect to which rocks of block II
are autochthonous. The fault plane is a regular
surface and thus is discordant to the folded beds
of the lower plate. Where the thrust separates
deformed quartz sandstone in the upper and
lower plate, its trace cannot be clearly resolved
such that it is shown on Plate 1 as an inferred
contact. Block III contains quartz sandstone
of the Boyer Ranch Formation overlain by
facies of the Middle Jurassic igneous complex.
In block III, bedding in the Boyer Ranch
Formation is largely destroyed, and the quartz
sandstone is extenstvely albitized.

As noted above, some reorientation of bed-
ding in the lower plate apparently accompanied
emplacement of the thrust plate. Overturning
in the reotiented structures to the southwest
implies motion of the upper plate in that direc-
tion. Speed (1963) found parallelism between
foliation in gabbro and axial planes in folds in
rocks underlying gabbro of the same igneous
complex in the West Humboldt Range, 35
miles west of Shoshone Creek. Both fabrics
were thought to have formed during the em-
placement of the gabbroic complex which large-
ly moved cast to west in that area. Gabbro in
block IIT of the type area has a mean foliation
dip of 60° to N. 60 E., thus agrecing roughly
with attitude of bedding in the lower plate
rock of the northwestern part of block II. A
southwesterly motion of the. thrust plate of
block IIT is implied.

Unconformity. The Boyer Ranch Forma-
tion depositionally overlies dolomite of unit (a)
everywhere in blocks I and II, except at the
north end of block 11 where it contacts the
limestone of unit (a). The stratigraphic relief
in the sub-Boyer Ranch rocks at the uncon-
formity is 250 ft in block I and 750 ft in block
II. The total variation in thickness of unit (a)
in the type area is about 1100 ft, assuming that
the base of unit (a) is correctly corrclated in
blocks I and II. The maximum apparent topo-
graphic relief on the unconformity is 250 [t.
Over horizontal intervals of 100 {t or less, the
unconformity is irregular; the most common
channels at the top of the dolomite are about
5 ft wide and | to 2 {t deep.

In block 1II, bedding in the Boyer Ranch
Formation and subjacent rocks is generally dis-
cordant (Fig. 5b); the maximum angular dif-
ference is 32°. 'The angularity of discordance
varics gradually over distances of hundreds of

SPEED AND JONES—BOYER RANCH FM., W. NEVADA

“feet in width on the dolomite surface.

feet, thus suggesting that the sub-Boyer Ranc]
rocks were broadly warped, rather than sharp}:
inflected, before deposition of the Boye
Ranch Formation. As discussed above, thex
is no evident discordance along the nearl
horizontal trace of the unconformity in bloc]
I though sub-Boyer Ranch beds could wel
have different dips from the Boyer Ranc
Formation in directions perpendicular to th
trace. A conceptual model of the type area a
the beginning of Boyer Ranch deposition is :
mildly dissected surface underlain by gently
folded massive carbonate rocks.
Conglomerate Member. The lower member
of the Boyer Ranch Formation in the type ares
consists of carbonate-pebble conglomerate and
minor interbedded pebbly sandstone and home
geneous quartz sandstone. The range of com:
position and textures of the pebbles is such tha
all the clasts could have been derived solely
from unit (a) of the subjacent section. The
conglomerate matrix is quartz sand and carbon
ate cement. The thickness of the lower membe:
varies markedly; the maximum is 250 ft, bu
along segments of the basal contact in bot
blocks I and II, the lower member is absent
and the upper member directly overlies sub
Boyer Ranch rocks. Figure 5b shows the varia
tion in thickness of the conglomerate membe
exposed in the syncline of western block Il
the range of thickness is 0 to 40 fr. Maximur
thickness occurs at the hinge of the syncline
and the member thins around the interval o
large curvature. About 2 ft of conglomerat
exist on the upright limb, whereas conglomer
ate is absent from the overturned limb. Thi
distribution indicates preferential accumulatior
of clasts along the hinge of the syncline. Super
posed on this smooth thickness variation ar
irregularities due to filling of channels of a fev

In block I, the strike of the conglomeratt
member parallels the trend of the fold axis suc
that variation of conglomerate thickness wit
position in the syncline profile is unknown
Along strike, however, the conglomerate varie
in thickness from 0 to 250 ft. Plate 1 and Figur
5a show that the base of the conglomerate meny
ber in block T is {ar more meoul"u than 1t
upper contact with the quartz sandstonc mem
ber. Variations in conglomcmle thickness in 4
direction parallel to the fold axis thus are du fg
to topographic relief on the surface of the
Triassic dolomite. The absence of the basal cof /
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Clasts in the conglomerate member are en-
tirely of carbonate rocks. Greater than 80 per-
cent of the clasts at all levels in the conglomer-
ite are light-, medium-, or dark-gray dolomite.

I

Figure 5. Large scale geologic maps of parts of type area of Boyer Ranch Formation,
b) showing variation of thickness of lower member with position relative to

(a) showing differentia-

At stratigraphic levels within 100 ft of the
quartz sandstone member, the clasts are at
least 99 percent dolomite. Below that interval,
however, 5 ta 20 percent of the clasts are lime-

stone.

The range of maximum dimension of carbonate clasts
in basal conglomerate of the Boyer Ranch Formation is
from Y% to 20 in. The rock is stratified by vertical changes
of mean clast size which varies between 4 and 4 in.
The modal average grain size for the entire member is
estimated to be 14 in. Roundness of clasts is largely
between 3 and 5 on the scale of Krumbein (1941). Clasts
which are less than roughly 14 in. in length have round-
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ness values of about 4. Coarser fragments average about
5 and occasionally 6; very large boulders, however, are
less round than clasts of the 1- to 6-in. range. Distinct
lateral or vertical trends in roundness are absent, Clasts
of length less than about 8 in. are discoidally shaped,
whereas coarser particles are more spherical. Ratios of
maximum to minimum dimension of clasts are in the
range, 1 to 5; the average ratio in conglomerate beds
varies from 1 14 to 3, generally in inverse proportion to
the average grain size. Discoid particles are well aligned
in the bedding plane, and imbrication is rare. In general,
the angularity of the clasts of the conglomerate member
supports other evidence that the clasts were locally
derived; moreover, it indicates that little reworking
occurred near the site of deposition.

The conglomerate member is layered by variations in
mean grain size of clasts, size sorting, shape alignment,
and clast to matrix ratio. Submembers which are quasi
homogeneous with respect to these criteria are between
2 and 25 ft thick and average about 10 ft thick. Some
submembers in block T continue laterally over at least
hundreds of feet, whereas others thin measureably within
that distance, In particular, the coarsest boulder con-
glomerate in the lower member forms a tongue which
wedges out 250 ft from the wall of the largest undulation
in the basal unconformity (¥Fig. 5a).

Size sorting of clasts varies greatly between submem-
bers. The sorting is best in thin layers of small clasts and
is least in thick layers of coarse particles. Some intervals
of coarse debris have bimodal size distributions where the
edifice is supported by coarse clasts and the smaller clast
population is restricted to sizes which could fit through
the interstitial openings between the coarser particles.
The degree of clast alignments is proportional to the
extent of size sorting. Vertical changes in mean grain size
and clast to matrix ratio are both abrupt and gradational.
Small variations of these properties within some members
provide excellent bedding on intervals of an inch to a
few feet, averaging 5 to 10 in. Vertical trends through
the member as a whole consist only of slightly poorer
sorting and alignment in the lower part.

Besides the preferred orientation of their shortest axes
normal to bedding (as defined by lithologic layering),
the long axes of triaxial clasts are moderately well aligned
in the bedding plane. The vector mean of long dircctions
of clast populations at 24 places in block T is S. 87° W,
plus and minus 21° (at 95 percent confidence). Ten
values in block 1T have a mean direction of N, 34° W,
plus and minus 45° (93 percent confidence). The di-
rections were rectified with the fold axes given in Figure
4. The mean lineations are nearly parallel with the axes
about which the conglomerate member is folded. It is not
clear, however, whether the alignment is sedimentary or
tectonic.

Conglomerate in the Boyer Ranch Forma-
tion is chicfly pebble supported, and quartz
sand, dolomite cement, and minor clay fill the
interstices. The conglomerate member also
contains interbeds of homogencous and pebbly
quartz sandstone. The pebbly sandstone con-
tains carbonate clasts of wide size and roundness
range indicating a continuum between quartz
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“clasts of variable size and angularity floating

sandstone and clast-supported conglomerate,
Intermediate lithologies are simply mixtures of
end members, however, and the carbonate
clasts in pebbly sandstone are no more mature
than those in conglomerate, and quartz sand
is no coarser than in homogeneous quartz sand-
stone. In fact, the quartz sand in the con-
glomerate matrix, the sand in the quartz sand-
stone interbedded with the lower member, and
the sands of the upper member have size and
roundness distributions with similar limits
(Table 2); thus, the sands of the upper and
lower member were probably co-derived. The
quartz sand is a highly mature sediment com-
pared to the carbonate clasts in the lower mem-
ber. Because the coarse components were clear-
ly locally derived and because quartz sandstone
is sparse in the underlying Triassic section, the
quartz sand must have arrived from sources
external to the local depositional system.

Good sorting and laterally continuous thin
bedding in the dominantly finer grained con-
glomerate units, pebbly sandstone, and quartz
sandstone in the lower member indicate proba-
ble deposition in an aqueous medium. The ab-
sence of current bedding, pebble imbrication,
and channeling which might be expected where
conglomerate lies above sandstone, indicate 2
fairly low-water-velocity environment. The
poorly sorted, massive, coarse-grained con-
glomerates, however, may have been deposited
subaerially or, on the other hand, if they were
deposited in water, velocities may not have
been suflicient to move clasts of this size once
they had fallen down local slopes to their
present position,

Though sorting mechanisms were sufficient
to separate fine carbonate clasts of different
mean grain size into planar beds a few inches
thick, it isdifficult to envision that the existence
of massive homogeneous or pebbly sandstone
beds in the conglomerate member is due solely
to local sorting. The absence of size grading
cither vertically or laterally away from the
trough wall among sand, granules, and pebbles
and the sporadically distributed carbonatt

in sand-supported rock suggest that othef
factors were operative in the origin of the
sandstone interbeds. For example, the thickest

segment of the conglomerate member in block
I (Fig. 5a) contains a 25-foot-thick interbed of
quartz sandstone which extends without litho”
logic change across the exposure and en®
abruptly against the wall of the channel that " }
filled by the lower member. The flux of carbon” i
i
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\.i[[ually zero at the time of deposition of this
quartz sandstone interbed. More generally, the
Jistribution of sandstone in the conglomerate
qember may be due at least partly to the ratio
of the influxes of the locally derived carbonate
Jetritus and foreign quartz sand. The pebble
Juy thus was variable but, of course, nothing is
gnown of the steadiness of the quartz sand flux.
The supply of carbonate clasts was certainly
Jependent upon local topography, hence up-
it If the local uplifts were created by anti-
Jinal [olds, the carbonate influx must have been
sroportional to the rate of limb appression until
e amount of sand deposited was sufficient to
cover the anticlinal rises.

Quartz Sandstone Member. The upper
scmber of the Boyer Ranch Formation con-
qsts largely of quartz sandstone and more
sarsely of sandy limestone and dolomite. The
member is up to 150 ft thick in block I and
100 ft in block II; in both blocks, the top is

er grained cop. | tbsent: The base of the upper member is
g1 ,

imdational with the conglomerate member
aver 1 to 5 ft of pebbly sandstone. As mentioned
sbove, quartz sand in the upper member is
sirtvally identical with that in quartz sand-
cone interbeds and in the matrix between
«cbbles in the lower member. The boundary of
the two members thus appears to mark a cessa-
von of the influx of carbonate fragments.
The lateral variability in thickness of the upper
aember is uncertain; lack of critical exposures
prevents determination of the variation of
thickness of quartz sandstone in syncline
yrofile in blocks I and II.

Bedding in the quartz sandstone is defined
by variations in sand/matrix ratio and by small
changes in the mean size of the quartz sand.
The most prominent beds are 1 to 8 in. thick,

¢t many of these intervals contain subtle

aminations 0.1 in. thick, Bedding surfaces
we planar, and bed thicknesses are constant
Gterally over tens of feet. Ripple marks,
mclined bedding, and other current features
se absent. Further discussion of the petrology
of the quartz sandstone is deferred to a later
wction,

Sequence of Events. The lower member of
the Boyer Ranch Formation in the type area
watains two co-deposited sets of clastic com-
sonents which evolved under highly different
sdimentary regimes. One set comprises clasts
#{ carbonate rocks which were clearly derived
sfom units now subjacent to the Boyer Ranch
Formation. Properties of the lithic particles
indicate small transport distances and little
fwworking at the site of deposition. The second
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component, fine-grained quartz sand, was not
derived from or matured in the same sedimen-
tary system that produced the lithic com-
ponents, and the ultimate source of the sand
was exotic. The sand, however, occurs through-
out the lower member such that it must have
been readily available when conditions for
permanent deposition were created.

These conditions are believed to consist of
local re-invasion of marine water, probably
from the west, into troughs created by folding
of a dissected subaerial surface. Deposition
occurred in water whose current velocitics were
sufficient to provide size sorting of clasts less
than an inch long, but which were not great
enough to construct inclined bedding or other
current features. Stratigraphic fluctuations in
the ratio of lithic clasts to quartz sand suggest
variations mainly in the influx of locally derived
debris which, in turn, was probably related to
variable rates of source uplift, or equivalently,
limb appression. The transition from the lower
to the upper member records the eradication of
the source of carbonate debris by near sub-
mergence of local topography by Boyer Ranch
sediments. The composition of the upper mem-
ber thus indicates that mature quartz sand
was then the only mobile clastic material. The
duration of deposition of quartz sand is un-
known; stratigraphic variations in the degree
of folding of the upper member have not been
recognized such that there is no indication that
sand was deposited far into the stage of tight
folding. Rather we postulate that as folding
progressed, the marine waters were forced
to withdraw, and the troughs in which the
sand was depositing were obliterated.

Other Localities Containing the Boyer Ranch
Formation

Hoyt Canyon, Clan Alpine Mountains.
Figure 6 shows geologic relations involving the
Boyer Ranch Formation at a small area about
1 mi north of the mouth of Hoyt Canyon in
the Clan Alpine Mountains. Here, the Boyer
Ranch Formation depositionally overlies 100
to 150 ft of Triassic carbonate rocks which are
thrust over a lower plate containing the same
Triassic beds. The unconformity below the
Boyer Ranch Formation is irregular on a scale
of a few feet and is marked by a small angular
discordance. The unconformity intersects stra-
tigraphic levels in the Triassic section which
are probably correlative with horizons in unit
(b) in the type area.

The conglomerate and quartz sandstone near
Hoyt Canyon are similar to those in the Boyer
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panch Formation of the type area. As shown

| Figure 6, however, the quartz sandstone near
it

oyt Canyon is overlain by deformed meta-
dimentary rocks consisting of intercalated
1+ mestone, marble, and siltstone (argillite and
cornicls) in subunits from 200 to 300 ft thick.
the age of the metasedimentary rocks was not
,ermined faunally, but the lithologic similar-
v of these beds to Upper Norian strata of
it () in the type area of the Boyer Ranch

| cormation provides a strong correlation. Units
I

;). (b), and (c) also crop out widely in the
sanity of Hoyt Canyon though their thick-
.ses there are somewhat different from those
« the vicinity of the type area. The mectased-
,‘«,wntary rocks are folded about shallowly
~unging westerly axes. The base of the meta-
wdimentary section is discordant to the struc-
«ures above it and must be a thrust which
armed during or after folding.

A breccia layer separates the thrust plate
7om the quartz sandstone of the Boyer Ranch

I formation. The upper part of the breccia con-
, ins only unstratified, unsorted angular frag-

~¢ents of the upper plate rocks in a calcitic
satrix. Stratification improves down section in
e breccia, and the base of the breccia is
;aadational with quartz sandstone. The breccia
“usis included in the Boyer Ranch Formation.
fizure 7 shows the lithologic succession in the
sovt Canyon section.

The stratified breccia contains fragments of
iverse lithologies. Most of the unit has a
zructural framework of angular clasts of
=etasiltstone and limestone and marble tecto-
ate which were clearly derived from the super-
acent thrust plate. The clasts are mildly size
srted, and their long dimensions are oriented

i s the plane of stratification. The matrix con-
. nins rounded quartz sand grains and carbonate

ament and, at places, considerable pyrite.
statification within a few stratigraphic inter-
wls from 2 to 3 ft thick, is excellent due to
dast-size sorting. These intervals contain a
tigh percentage of quartz sand, and, at places,
iade laterally into beds of homogeneous cross-
wwdded quartz sandstone which occupy chan-
wlswithin the breccia. Clasts of metasedimen-
iy rocksare generally smaller and more round-
sl in the well-stratified intervals. Further,
these intervals contain from I- to 2-in.-diameter
;ebbles of a well-indurated feldspathic (20 to
1 percent) sandstone which are considerably
ictter rounded than the co-deposited fragments
« metasiltstone and marble. The probable
wurce of the sandstone pebbles is the Upper
Triassic  Osobb  Formation whose nearest

“arbda araiing laterally iato cherts qrav .
Virestone interTaver>d witn palitic nornfels,
netasiltstone, and artillite.
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Figure 7. Diagrammatic lithic succession in Boyer
Ranch Formation and relations with adjoining units 1
mile north of mouth of Hoyt Canyon, Clan Alpine
Mountains.

present exposures are in the northernmost Clan
Alpine Mountains 15 miles northeast of Hoyt
Canyon, or Upper Triassic sandstones which
are intercalated with siltstone and shale in the
lower part of the exposed T'iassic section in the
central Clan Alpine Mountains (Willden and
Speed, in press). Either source of sandstone
pebbles requires transport from beyond the
immediate vicinity, a hypothesis which is
supported by the greater rounding of the sand-
stone clasts than of clasts of less durable rocks
which were locally derived.

Structural and stratigraphic relations near
Hoyt Canyon indicate that a thrust plate of
Triassic rocks moved laterally into a deposi-
tional basin of the Boyer Ranch Formation.
The unsorted breccia directly under the thrust
is interpreted as talus which fell from the prow
of the upper plate and was, in turn, overridden
by the upper plate. Debris from the thrust
which was moved ahead of the postulated talus
apron by running water, or possibly, waves, was
laid down with grain maturity and perfection
of stratification proportional to the distance
from the front of the upper plate. The layers
propagated laterally as the thrust plate moved
over a surface underlain by its own debris.
The channelling within the layered breccia
indicates that at least part of its sedimentation
was subaerial; the fhlling of the channels by
quartz sandstone suggests the influx of quartz
sand to the Boyer Ranch Formation was




maintained during emplacement of the thrust
plate. The absence of channelling or discordance
at the contact of the quartz sandstone and the
stratified breccia supports the concept that
original deposition of the quartz sand and
thrusting were not widely separated in time.

Metamorphism of the Triassic rocks of the
upper plate clearly occurred before thrusting
and deposition of the breccia at the top of the
Boyer Ranch Formation. The only conceivable
heat source is the Middle Jurassic gabbroic
complex which is widely exposed three miles
north of Hoyt Canyon. There, gabbro and
subjacent Boyer Ranch Formation overlie with
thrust contact Triassic hornfels and marble as
well as unmetamorphosed equivalents of unit
(c). The southern projection of the thrust
would lie structurally above the present level of
the Boyer Ranch Formation near Hoyt Can-
yon. It thus seems likely that the allochthonous
metasedimentary rocks near Hoyt Canyon
rode south to their present position, If the
thrust was concurrent with deposition of quartz

’ sand of the Boyer Ranch Formation, the
intrusion of the gabbroic complex, at least in its
early stages, must have occurred before com-
pletion of the deposition of the Boyer Ranch
Formation.

Cottonwood Canyon, Stillwater Range.
North and south of Cottonwood Canyon, the
Boyer Ranch Formation overlies Upper T'riassic
slate with thrust contact. Here, the Boyer
Ranch Formation is highly deformed and is
widely invaded by gabbro so that it is difficult
to reconstruct the stratigraphy in much of this
area. In lower Cottonwood Canyon about 2 mi
northwest of Boyer Ranch, however, the base
of the Boyer Ranch Formation is exposed in a
small window and is an crosional unconformity.
The subjacent rocks discussed in an earlier
section are very fine-grained sandstone and
siltstone which are believed to be correlative
with Upper Norian clastic rocks of the Clan
Alpine Mountains. Because the rest of the
Boyer Ranch Formation in the Cottomvood
Canyon block is thrust over Triassic slate, it

the sub-Boyer Ranch unit in lower Cottonwood
Canyon as well.

Section 2 of Figure 3 shows a stratigraphic
section of the Boyer Ranch Formation at lower
Cottonwood Canyon. The basal member is
limestone and dolomite conglomerate whose
bedding largely parallels that in the subjacent
clastic unit, The contact undulates with
amplitudes of a foot or less; the irregularities
are interpreted as channels on the erosion sur-
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seems likely that the thrust fault must underlie

face filled by conglomerate. The basal ¢
glomerate of the Boyer Ranch Formation,
Cottonwood Canyon has a maximum thicknc
of 125 feet. Its granulometric attributes dif
slightly from those of the conglomerate at 1}
type area. The lowest ten feet contains coars
grained (average 2 to 3-in. diameter) poo
sorted dolomite cobbles of considerably mo:
spherical shape than elsewhere in the formatie:
The interstices contain quartz sand and calc;
cement, and in several intervals in the cor
glomerate, the rock is a sand-supported stru:
ture with a few as 5 percent dolomite clast
The upper part of the conglomerate is mor
uniformly composed of finer (diameter averag
14 to 1 in.) angular carbonate clasts, 50 to 16
percent of which are dolomite. The pebble cor
tent is from 40 to 60 percent of the rock whic'
is generally a lower abundance than in th
conglomerate at the type area. The conglom
erate is overlain by 25 ft of partly silicifi:
laminated massive-weathering limestone. Tk
rest of the formation consists of about 275 fte
quartz sandstone, which has conspicuous thi:
planar beds from 1 to 2 in. thick.

Farther west in Cottonwood Canyon, -
miles beyond the canyon mouth, the top of th:
quartz sandstone is exposed and is conformabl:
overlain by well-bedded basaltic tuffs anc
lapilli tuffs of the mafic igneous complex. Th
stratigraphic interval between quartz sandstor:
in upper and lower Cottonwood Canyon
occupied by at Jeast several thousand feet ¢
gabbro.

Northwestern Stillwater Range, In th
northwestern Stillwater Range (Fig. 2), rock
subjacent to the Boyer Ranch Formation art
Triassic slaty siltstone and shale, and mox
sparsely, Lower Jurassic beds at least as youn;
as Sinemurian which are co-deformed with th
Triassic rocks. At Red Hill, the Boyer Ranct
Formation and overlying gabbro are thru
over Triassic rocks. The stratigraphy of the
Boyer Ranch Formation is uncertain owing
folding, but dolomite conglomerate includec
in the upper plate suggests the prior existenct
of basal conglomerate like that at the type ared
Quartz sandstone at Red Hill is the coarsest
(up to 0.3 mm. mean size) in the Boyer Ranch
Formation. South of Red Hill, for 114 miles
sporadic patches of quartz sandstone of the
Boyer Ranch Formation are remnants of th
roof of the igneous complex.

At Cornish Canyon (Fig. 2), an isolated bodY
of Boyer Ranch Formation occurs in the cor
of a nearly recumbent macroscopic synform ©
Triassic slate. The fold is interpreted by th¢
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ism of the contact of Triassic rocks
nd below the Boyer Ranch Formation
thickne, . 4 slaty cleavage and axial surfaces of minor
tes dify,. | lines in the Triassic rocks. The lithic units
te at v}, | , the Boyer Ranch Formation here are fine-
1S Coary. | gined quartz sandstone, laminated sandy
) poor], | gestone which is locally a limestone breccia,
ly mgy, | 4 carbonate-pebble conglomerate with quartz
Mt 1 ,d matrix much like that of the lower mem-
d calefy, | wrat the type area, The bedding in the units
the coy, | the Boyer Ranch Formation largely parallels
od stryg. | 3 contact with Triassic slate, and the forma-
te clag, {..p has sparse minor folds which are coaxial
is moy, { ,ith folds in the slate. The contact is most
“averag. icly a folded angular unconformity. Provided
0 to 1ty | s contact is correctly interpreted as being
ble cop,  ipositional, the Boyer Ranch Formation at
*k whic; { pmish Canyon was deposited after uplift,
V in the | sgection, and removal of Lower Jurassic rocks
onglon, | «d probably, a significant thickness of Triassic
silicifiee | ocks, but before intense folding. This sequence
ne. Th | fevents is similar to that at the type area, and
75 Mty places a maximum age of Sinemurian on the
sus thic , sme of deposition of the Boyer Ranch Forma-
‘on. As suggested earlier, the Lower Jurassic

asal con ,,mt”d
Ation @ ;;{,\-cﬂ

wen, I ection in the Pershing mining district, 10 miles
P ¢ the | west of Cornish Canyon, contains rocks as
)rr,-xzbl;f.,aung as Toarctan which appear to be co-
{fs anc i iformed with units T and IIT of Figure 2.
ex. [ z extrapolation of this age to the west Still-
nd. on: {iter area, the maximum age for the Boyer
ny ’:{Anch Formation would be Toarcian.

fe v o', About four miles southwest of Cornish
{myon, an extensive block of homoclinal
I the i soyer Ranch Formation lies with nearly planar
), ki | antact above tightly folded and thrust-faulted
io arf Upper Triassic and Lower Jurassic rocks; in
I' o ! wntrast to the structure at Cornish Canyon,
<¢ he Boyer Ranch Formation here has not
. mticipated in the strong deformation which
R nct] zervades subjacent rocks. Figure 3 shows a
to us stigraphic section in this block at location 1,
o the | Figure 2. The lowest unit here is massive locally
my r e womatolitic limestone whose thickness varies
cl dec | ketween a few feet and 100 ft. Much of the
st nce | Gmestone is monolithologic breccia of probable
€ i1 tectonic origing together with the variable
2. sest | thickness of the limestone, the breccia suggests
K nch{ that the basal contact isa thrust fault, in agree-
i les | ment with the interpretation of Page (1965).

5 the Locally, the massive limestone is overlain
5 thel by laminated quartz sand-bearing limestone
‘ and limestone conglomerate with quartz sand
Fodv ' matrix. The stratigraphic sequence of the basal
: o funits in the northwestern Stillwater belt is
ria ¢ | diflerent from that at Cottonwood Canyon 5
y the I mileseast (Fig. 3). The carbonate conglomerate
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differs from that of the type area by having
substantially higher roundness of the clasts,
which suggests greater transport of the cobbles.
The basal deposits are overlain by up to 500 ft
of fine-grained quartz sandstone with a few
thin interbeds of sandy limestone. Distinctive
bedding is defined by variations of mean grain
size over intervals of 0.1 to 40 in. but mostly 4
to 6 1.

The Boyer Ranch Formation from 3 to 5
miles southwest of Cornish Canyon is overlain
by over a thousand feet of gabbro which is
correlative with gabbro at Cottonwood Can-
yon and the type area. It would thus appear
that in this area, Boyer Ranch Formation
associated with gabbro was not co-deformed
with subjacent Mesozoic rocks, whereas at
Cornish Canyon whete gabbro is absent, the
Boyer Ranch Formation is infolded with
Triassic rocks. The local absence and variations
in thickness of the basal member and the wide-
spread brecciation in the lower several hundred
feet of the formation suggest that the base is a
thrust fault even though the belt southwest of
Cornish Canyon is anomalous among Boyer
Ranch Formation sections in its apparent
homoclinicity. Indeed, if the contact were not
a thrust, strong folding of the Boyer Ranch
rocks should be expected here. Using the atti-
tude of foliation in the overlying gabbro in the
manner employed at the type area and by
Speed (1963), the motion of the thrust in the
northwestern Stillwater belt was northerly;
this is, significantly, the direction of overturn-
ing of folds in the sub-thrust rocks. The base
of the sandstone apparently was a surface of
near-perfect slip across which concomitant
deformation in the upper and lower plates
differed significantly.

Dixie Meadows. In the Stillwater Range
one mile west of Dixie Meadows in Dixie
Valley, the Boyer Ranch Formation lies with
thrust contact above folded Upper Triassic
siltstone and sandstone. The formation locally
has up to 20 ft of basal limestone with 14 in.
thick alternating light and dark bands which
are largely discordant to the basal thrust. Else-
where, quartz sandstone directly contacts the
Triassic siltstone, and both units are finely
brecciated along much of the join. Quartz
sandstone near Dixie Meadows is uniformly
well bedded and fine grained. The thickness of
the quartz sandstone near Dixie Meadows is
uncertain because of the faulted bottom and
internal folding of the unit. Bedding attitudes
in the quartz sandstone indicate subhorizontal
fold axes trending northwesterly and axial sur-




faces with probable steep northeasterly dips.
The base of the formation, however, is at best
broadly warped about a northerly axis.

In upper Mississippi Canyon, 5 miles north
of Dixie Meadow, about 200 ft of meta-
morphosed quartz sandstone of the Boyer
Ranch Formation lie between gabbro and
basaltic rocks.

Up to a foot from the contact of the Boyer
Ranch Formation and overlying volcanic rocks,
quartz sandstone is massive and fine grained,
but the upper foot of the unit is distinctly
laminated. The laminae contain quartz detritus
which varies in grain size from silt to fine sand.
The fine-grained layers have considerable
muscovite, whereas in the coarser ones, tour-
maline, zircon, and apatite are more abundant
than elsewhere in the formation. Basaltic rocks
which lie over the quartz sandstone consist
of flows and interlayered, bedded fine-grained
breccia and tuff. Bedding attitudes in the two
units are similar, and over a limited interval of
fair exposure, the contact between the units
parallels the bedding. The evidence at Missis-
sippi Canyon indicates either continuity in
deposition of Boyer Ranch Formation and
basaltic rocks or a time break without inter-
vening deformation or erosion. Considering
that the Boyer Ranch Formation was deposited
after the onset of crustal unrest, any hiatus
must have been of short duration at best.

Buena Vista Hills—Fondaway Canyon,
Western Stillwater Range. The southwestern-
most exposures of the Boyer Ranch Formation
occur near the mouth of Fondaway Canyon in
the Stillwater Range (Fig. 2). There, Page

" (written commun., 1965) found quartz sand-
stone and limestone associated with Triassic
slate and with rocks assigned a Lower Jurassic
age by their lithologic similarity to dated rocks
5 miles north. The quartz sandstone at Fond-
away Canyon is correlated with the Boyer
Ranch Formation by lithology and strati-
graphic position. Page (written commun., 1968)
concluded that the Boyer Ranch Formation at
Fondaway Canyon is infolded with, but less
intensely deformed than the subjacent rocks;
he interpreted the base of the Boyer Ranch
Formation, however, as a thrust. Thus, thrust-
ing of the Boyer Ranch Formation at Fond-
away Canyon did not prevent the participation
of the formation in part of the deformation of
units | and Il as it did at other places where the
Boyer Ranch Formation is widely invaded by
the gabbroic complex.

One mile north of White Cloud Canyon
(Fig. 2), quartz sandstone is thrust over Upper
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Triassic and Lower Jurassic siltstone and lime-
stone and is overlain by gabbro (Page, 1965;
Young, 1963; Willden and Speed, in press),
Conglomerate and limestone are absent from
this occurrence of the Boyer Ranch Formation,
although massive limestone in klippen which
lie between White Cloud Canyon and the
quartz sandstone exposures is probably Boyer
Ranch limestone, The quartz sandstone body is
as thick as 300 ft, but bedding is absent, and
the stratigraphic thickness is uncertain. The
quartz grains are highly intergrown, and the
grain to matrix ratio is from 8.5 to 9, suggesting
large tectonic compaction; the recrystallized
matrix is albite-talc-chlorite-calcite. Though
clearly metamorphosed, the range of original
quartz grain sizes here appears similar to those
elsewhere in the formation.

From the locality near White Cloud Canyon
north as far as the Buena Vista Hills, quartz
sandstone in scattered exposures lies above the
intrusive facies of the igneous complex and
below or interbedded with extrusive facies, &
setting generally similar to that at Mississippi
Canyon. The maximum exposed thickness in
this interval is no more than 150 ft. Though
metamorphosed, the original purity, grain size,
and bedding of quartz sandstone in these
exposures are judged to be similar to thost
properties of quartz sandstone of the type area.
Boyer Ranch facies other than quartz sand-
stone have not been identified in this segment.
As at Mississippi Canyon, the contact of quartz
sandstone and volcanic rocks is conformable,
channeling is absent, and the two units ar¢
co-deformed. Of particular interest here is the
occurrence of quartz sand within the volcanic
section.

The basal volcanic rocks are massive ker:
atophyre which consist almost entirely of
lineate very fine-grained lathy albite and sparst
albite phenocrysts. Within the keratophyrt
section are many intervals of well-stratiﬁ?d
volcanic sandstone and siltstone which contai®
clasts of keratophyre, feldspar grains, an
variable quantities of well-sorted quartz san¢:
Conformably overlying the keratophyric rockt
are up_to 1500 ft of basaltic lava, tuil brecct?
and volcanic sedimentary rocks in which quart?
sand is rare. _

Most of the quartz sand in the basal volcan’
sedimentary rocks is in low concentration. If,
generally constitutes from 10 to 50 percent @
the coarse laminations in association with 1i}hi:
fragments, but it is absent from layers of &
and finer sized material. The lithic grains &
mildly rounded and sorted and in appar®
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BOYER RANCH FORMATION

h\vdmulic equilibrium with the quartz sand.
The relations suggest reworking and deposition
of volcanic materials at the surface after each
estrusion and addition of quartz sand from
an outside source. An extreme of quartz sand
concentration is a bed of homogeneous quartz-
ite, as thick as four ft, which isintercalated with
voleanic sedimentary rocks a mile southeast of
the Buena Vista Mine (Nickle, 1968). The
uartzite is now rather silicified, but relict
quartz grains and bedding are resolvable. The
Jayer can be traced laterally over at least a few
undred feet,

The bedding in the quartz-sand-bearing
volcanic sedimentary rocks indicates they were
deposited in a body of standing water rather
than in a fluvial environment. The attainment
of hydraulic equilibrium by the quartz and
lithic components indicates some degree of
Jocal working and sorting under quiet condi-
tions at the site of deposition. It is thus not
cear whether quartz sand was still being
supplied by a source external to the system or
whether sand in the volcanic sedimentary rocks
was reworked from the top of the Boyer Ranch
Formation which may have been exposed else-
where. As at Mississippi Canyon, however, the
absence of channelling in the top of the Boyer
Ranch Formation and the lack of discordance
at the contact suggest that no significant time
interval occurred between the deposition of the
WO Units.

i Petrology of the Sandstones

Mineral Assemblages. About 120 specimens
of sandstone and conglomerate of the Boyer
Ranch Formation have been examined in thin
section and by X-ray diffractometry. The areal
and stratigraphic variability of the sandstones,
however, has not been quantitatively inves-
tigated because of the widespread deformation
and metamorphism. Rather, petrologic studies
have been concentrated principally on spec-
imens from the type area where the rocks have
undergone minimal postdiagenetic changes.
Table 2 contains the data on mineral assem-
blages and granulometry from 23 specimens of
Boyer Ranch Formation together with 6
specimens of Navajo Sandstone which we
include for a measure of calibration of the
microscope measurements on the rocks of the
Boyer Ranch Formation.

The abundance of sand-sized particles in sandstone of
the Boyer Ranch Formation varies from about 40 to 75
fercent. Of the sand population, quartz is at least 95
fercent, and commonly 99 percent, regardless of sand /
matrix ratio. The most frequent sand abundance is esti-
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mated to be from 65 to 70 percent, Microcline and
plagioclase sand are generally a percent or less of total
rock and have maximum abundance of about 3 percent,
Up to 3 percent sand particles of chert and shale occur
in some specimens, and sand-sized opaque grains are
similarly abundant at some places. Blue-green tourmaline
and zircon are consistently a few tenths of a percent of
the sand.

The sand-grain content vaties inversely with carbonate
content in most specimens such that the principal lithic
gradation is between calcareous quartz arenite (Williams
and others, 1958, p. 293) and sandy limestone (or dolo-
mite) in which the quartz sand grains are not self-sup-
porting, Sand-sized particles of finc-grained carbonate,
however, can be distinguished from carbonate cement
in some rocks where the quartz sand grains are rarely
touching. Due to carbonate recrystallization, the dis-
continuitics between original carbonate matrix and sand
have become largely indistinct, but the sandy limestones
may well have been grain-supported quartz-carbonate
sandstones.

In the type area, the matrix of sandstone and con-
glomerate is composed of variations of the assemblage,
calcite-dolomite-kaolinite. More rarely, small amounts
of white mica of 14A clay can be detected, Dolomite and
calcite occur as monominerallic matrix in some speci-
mens, and they occur together and in combination with
kaolinite in others, Kaolinite is generally aggregated in
homogencous very fine-grained irregular pods or lenses
up to 0.1 mm in thickness which contact both quartz
sand and matrix carbonate. The abundances of kaolinite
reported in Table 2 arc estimates based on both micro-
scope counts and X-ray intensity; the latter would detect

TasLe 1. Cummicar Coarosttions (wr. %) oF
QuarTz ARENITE AND MEeTAMORPHOSED QUARTZ
SanpsToNEs FrRoM THE Bover Rancu ForaaTion

) @
Si0O, 68.26 67.83
AlOs 1.88 10,40
Fex03 0.37 0.20
FeO 0.13 0.28
MgO 0.27 13.31
CaO 15.08 112
Na,O 0.05 3.38
K0 0.1 0.23
H:0+ 0.73 1.07
H,O — 1.18 0.68
TiO, 0.06 0.40
MnO 0.02 nil
P20; 0.06 0.20
COs 179 0.24
Cl1 0.01 0.09
F 0.01 0.04
Total 100.90 99.47

(1) quartz arenite (quartz-calcite-kaolinite); type area,
block I1; specimen 5, table 2

(2) metamorphosed quartz arenite (quartz-talc-chlorite-
albite); 2.5 miles N20°E from mouth of Hoyt
Canyon, Clan Alpine Mountains

Analyst: Y. Chiba




TarLe 2, GraNuLoMeTRIC AND LarTnorocic Data For Svrcpmexs of e Bover Raxcir FormaTion anp Tie Navajo SannstoNe
LOCATION® GRAIN SIZE DISTRIBUTION? (¢) MOMEN MENTY
075 L0 125 15 175 2.0 225 25 275 3.0 325 35 375 4.0 425 45 475 50 525 55 () Vef . ¢
Boyer Ranch Formation (sandstone subunit}
‘Type Area
Block I 1 % 99.9 98.2 940 77.0 59.5 457 325 195 123 7.7 43 2.0 05 300 o5
i 5.4 5.3 5.1 5.0
I 2 9 98.9 97.5 93.5 883 8§2.2 74.2 6.5 50.0 37.2 24.2 150 87 45 23 10 02 3.22 -
r 6.6 63 5.5 1.8 43
Block 11 3 9 99.4 98.3 96,0 93.0 88,0 §2.0 72.0 57.5 44.0 310 17.8 107 64 35 15 08 3.12 - B
T 5.8 5.3 4.9 4.7 45
1 4 9 99.9 99,2 96.6 §7.0 69.0 47.0 27.0 14.5 7.0 4.0 20 08 03 306 ouf -
5.4 5.0 45
11 5 9, 998 97.0 93.0 83.0 76.0 695 55.0 40.0 28.3 185 100 4.3 20 0.6 0.1 232 0% : N
1 6 % 995 984 96.6 92.3 §4.0 70.0 51.0 32.0 20.0 140 95 50 3.0 2.0 333 onf ¢ E
T 5.6 5.2 5.0 4.8
1 7 % 99.2 97.0 91.0 77.5 60.0 45.0 31.2 22.0 150 8.25 45 2.8 10 351 0¢ \ 2
3 5.5 5.3 5.2
1 A 99.8 97.5 90.0 76.0 57.5 38.0 20.0 108 65 3.4 L0 342 ok 3
T 5.7 5.1 4.6 4.1
1t 9 9 99.6 95.8 89.6 748 61.0 52.0 445 375 30.0 220 158 98 62 45 37 23 0.2 224 en} 2
) 6.5 6.1 5.4 5.0 4.8 4.8 4.8
11 0 9 99.9 99.4 97.8 95.0 $5.0 71.5 56.0 36.2 22.2 141 7.0 33 L7 05 359 06 o 3
T 1.6 4.9 1.8 4.3
Block  IH 9% 99.5 97.2 90.8 767 61.7 44.0 299 20,4 148 96 58 3.0 1.6 10(351 os] ° D3
3 5.5 4.9 4.5 4.3
Cottonwood 12 9 99.8 97.8 94.2 85.0 67.5 46.0 29.0 137 57 27 18 10 03 303 olf 4 S
Canyon r 5.9 5.5 5.3 53
Cottonwood 13 9% 99.7 98.5 96,0 90.0 77.0 565 39.0 18.5 1L3 67 32 1.0 2 o] 3
Canyon r 5.6 4.8 4.2 39 3.7
Cottonwood LA 98,5 88.7 81.0 70.2 59.0 49.0 39.0 29.0 19.0 115 5.0 25 15 03 251 op - AR
Canyon r 5.8 4.5 4.2 4.0 3.8 35
Red Hill 15 9 98.0 85.2 73.0 58.0 47.4 34.0 21,0 127 80 57 27 08 175 0% : 12
3 6.5 53 13 37 35 32 N
West Stillwater 16 % 99.2 97.6 954 3.0 785 66.0 50.0 275 146 7.3 35 17 03 269 015 6 3
Range
West Stitlwarer 17 % 99,8 98.7 97.1 96.2 93.7 88,3 81.0 705 53.0 267 13.3 7.0 33 12 02 320 oM} o3 g
Range
Divie 18 9 99.9 99.8 98.3 942 863 70,5 515 32.0 175 88 6.0 39 20 08 02 3.05 0.1 G 59 A
Meadows
Boyer Ranch Formation (conglomerate subunit)
Type Area . . .
Block I 19 9% 99.8 99.0 96.7 90.8 78.5 595 422 25.0 137 7.8 45 28 L5 05 342 0} o sy
1 20 9 99.9 95.0 93.0 825 65.8 47.5 30.0 18.8 10.0 33 0.5 350 0 ) o w2002
1 21 9 99.5 97.5 95.0 88.3 723 55.0 39.2 262 145 58 2.0 05 336 087 S nos
i 2 9 99,9 98,3 94.6 §7.2 755 57.0 40.5 267 167 10.5 6.5 27 05 308 ol ) AL a3
) 6.0 5.0 44 43 41
Red Hill 23 9 99,0 97.2 910 825 735 63.3 52.0 425 32.0 200 12.0 7.0 35 20 L5 05 257 O § T s 2
f 6.1 55 1.9 4.4 3.9 '
Navajo Sandstone : .
Skull Creck 24 9 995 984 924 835 73.0 59.5 49.9 41.0 315 23.0 160 9.0 37 10 04 1333 0r ) ow aos
W, Colorade t 992 97.0 90.0 79.0 65.0 53.0 43.2 31.8 24.0 145 75 3.0 04 1339 31f U
w 99.7 981 935 86.9 757 62.8 428 333 207 164 96 L3 08 1323 0N s w0
'R 6.0 5.6 5.2 4.7 | .
Skull Creek 35 9 99.0 96.4 89.0 78,0 8.8 60.0 50.5 303 27.0 184 1.0 60 28 Ll 249 011 Y s 2
W, Colorado f 99.8 99.0 96.4 88.8 75.5 66.0 57.6 46,0 33.0 214 120 60 27 1O 263 250 071 oae o
w 99,5 98.8 97.0 90.8 81.3 69.3 59.0 4.3 33.2 21.8 16.2 104 84 50 13 03 (270 05§ T u3s
3 7.2 6.4 6.2 5.5 5.0 i i
Diamond Men. % 99.4 99.0 985 98.1 948 853 774 647 51.7 380 25.5 150 10.0 58 33 12:381 00 oon23
Vernal, 4 99.6 992 99.0 98.8 97.0 908 81.0 69.0 54.0 0.0 245 I4u 80 35 L7 02383 3 ] o4 -
Utah 26w 99,9 99.8 99,7 99.2 98.6 97.9 96.7 92.4 83.6 66.2 53.2 357 29.5 160 2.1 0.7 356 00 A0 032
v 5.5 5.3 45 4.2 4.0 4.0 s
Diamond Mtn, % 99,7 99.2 98.4 97.2 90.0 80.0 69.0 55.0 36.0 167 8.9 55 29 1.2 300 0L RS oy
Vernal, f 99.6 99.2 985 952 §7.0 760 62.0 440 192 100 60 27 07 341 28} 03003
Utah 7w 99.9 99,3 97.8 94.4 90.0 79.9 611 372 257 98 4.0 13 10 03 0.2 0.l 263 Bl BSE —png
v 6.2 5.8 5.1 4.7 4.7 4.8 o
Zion % 98.0 94.0 87.0 79.6 69.4 520 38.8 28.6 17.0 100 45 17 02 282 0N E BB a0
National i 97.6 92.3 $5.0 77.5 610 445 32.0 195 108 50 15 0.1 299 2004 8005
Patk, 28w 99.9 995 952 874 77.8 66,1 488 36.9 20.3 125 65 42 2.0 08 04 277 OB L5 a3y
Utah r 5.5 4.8 4.6 4.1 38 T .
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LITHOLOGIC REMARKSY

i & Quartz  spar  Total
525 55 1(8) 3 4 Sand Sand Sand
L by
i i
[300 o d o oae 299 461 08 L
02 a2, L <005 272 462 18 SLO

§332 qyd . 000 2980 L5 25 740

Sandy limestone: about 205 shale particles and undetermined 9 carbonate sand; matrix entirely dolomite and ealcite
which locally merges with clrlmmlc sand owing to partial recrystallization: quartz sand mostly concentrated in geain

supported layers, but some floating sand,
3¢5 ehert and opaque sand, a few shale particles; dolomite cement 419, kaolinite 8.

Calcite cement 7()’16, 148 clay 6%.
Opaque sand 367; caleite cement 3097, kaolinite 1095,

207 chert sand: caleite cement 305, kaolinite 607; trace very fine 10 A mica in matrix, pmlnbl) metamorphic; car-

bonate-quartz sand reaction.
Calcite and dolomite cement 2907, kaolinite 1097,

Few shale particles; dolomite cement 379, kaolinite 5.
Miceobreecia of dolomite clasts with interstitial quartz sand and dolomite cement; about 39, kaolinite,

Matrix entirely microcrystalline quartz which has apparently replaced previous matrix; clear size break between sand
and matrix quartz; no reerystallization of sand.

Sandy limestone; chert and opaque sand 2%; sand largely floating in calcite and dolomite intergrowth with about
1265 uniformly disteibuted kaolinite,

ﬂmru wacke; matrix largely kuolinite, no carbonate: traces of very fine-grained mica; partial silicification of matrix;
quartz/clay ratio is constant through specimen; sand floating,

Dalomite cement 2257 and mica about 5.

Opaque sand 19%; chlorite, mica, and graphitic (?) material 339,

Calcite cement 1597, chlorite 9%.

Few lithic (shale) sand grains; dolomite cement ~ 309, locally replaced by silica; few 7 very fine-grained imicaand
kaolinite.

Albitized quartz arenite; matrix of albite plus chlorite 259,

Albitized quartz arenite; matrix of tale-chlorite-albite 40%,.

JifS.OG Gl 063 383 558 02 590
232 g3 . 000 247 630 .. 650
1333 g 048 3560 604 0.2 615
Lo 035U g f o 058 298 575 .. 580
P32 gl g o7 316 400 03 L
P20y 062 2660720 L 720
0.5 A1 0302 07 419
1.6 339 46.0 L7 477
3740 721 L. 727
3330 633 27 67.0
227 730 .. 738
273 660 .. 67.0
3470 745 05 750
4.03‘1' 583 08 59.1
P35 g d e 059 3910 588 .. 590
: i
05 3. quf o 055372 475 .. 488
| i
L3 00 ) s 020 256 0 224 0.9 270
P30 wrlw 008269 205 .. 216
S0 gy peq 036 2900 369 .. ..
? i
12 wrbo 019 2520 260 L. 280
: i
]
0.4 3 [ iy 025 2,19 i
To3rdn 02z 2181 728 1S 743
3 00§ s 020 247
2 anlay 005 2260
2 2rian 010 227 685 21 706
z (3 SNV 0"48 2.73 4
33 12:  acdim 023 282
17 022 3o f W -00% 307 475 5 480
S e 032 302
0w 00 320
Ton iy -003 3340 655 LI 666
Do fad -008 335,
|
fLo.oep w007 250!
pror o big o005 2520 556 72 628
Fooow bes 034300
[1on o0 F W 050 3.36
io2d ol 047 3280 619 62 68.1
0L 034 6.06

Calcite cement 33%; chlorite plus mica 89,

Pebily quartz arenite, locally conglomerate; 359, angular dolomite clasts, maximum length 2 em in quartz arenite;
slightly layered in bands of sand framework and conglomerate framework; carbonate cement; quartz-carbonate re-
placement,

Dolomite microbreceia and pcbhlv sandstone; dolomite clasts between 5.0 and 0.1 mm; quartz sand distributed through
rack but locally up to 507, of fincr-grained layerss matcix is fincly crystatline dolomite and patches of chaleedony;
locally quartz replaced by dolnnmc no quartz grain suppnncd fayers.

Dolomite conglomerate; supported by dolomite clasts (55%) up to L5 cm in length; quartz distribution uniform;
sand grains in cement of coarsely erystalline dolomite; pannl replacement of quartz by dolomite. .
Pebbly quartz-carbonate sandstone; about 359 clastic dolomite, particles in range 3/5 to 0.01 cm in length; about
367 chert sand; 25 mrbmmc cement.

Dolomite cnnqlumcm(e 6097 dolomite pebbles as long as 106 e¢m; interstitial quartz sand largely grain supported,
cement is coarse dolomite; luul silicification of dolomite clasts and matrix but little reaction of carbonate and quartz

sand.

*  Specimens from type arca located
by number on Plate 1.
% = percentage by number,
r = roundness on scale of 10
in Krumbein and Sloss (1963},
= equivalent weight % from number
frequency by transformation of
Fricdman (1958},
w = weight percentage by screen
analysis,
¢ = —Imd where d is long
dimension in mm,
¢ Equations used in moment calculations
1 (mean) ¥ = 1072 Z¥ 7Y,
i=1

Kaolinite, montmoriilonite, mica, dolomite

-

Kaolinite
Kaolinite, montmorillonite, dolomite

Montmorillonite, kaolinite, mica
- 2 (std. deviation) s = [10~2 E"‘ﬁ(Y-‘

3 (skewness) ay = 1072 g‘k'ﬁ(n —-F¥/8,

4 (kurtosis) oy = 1072 ‘»)J kfi(Ye ~ Y)Y/,

- ?}1]1/2'

\\Ilcref T of sample in ith size class interval,
¥: = midpoint of ith size class interval,
i =1,2,3,.., kfor & classes.
§ Lilholugy is quariz sandstone except where noted.
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visually irresolvable clay disseminated in carbonate

cement.

"able 1 gives a chemical analysis of quartz arenite
from the type area (Table 2). The mineral assemblage of
this specimen is quartz-calcite-kaolinite. Recalculating
the chemical analysis on the basis of ideal compositions
of the modal minerals and eliminating components in
small abundance (FeO, Fe:O3, MgO, alkalis), 4.9 per-
cent kaolinite by volume is obtained and compares
favorably with a 6 percent estimate by other means. This
procedure gives 68 percent quartz and 28 percent calcite
compared to 65 percent quartz — chert sand and 30
percent calcite {rom thin section count.

The abundance of kaolinite in largely unaltered sand-
stones from the type area is mostly 5 to 10 percent and
almost entirely in the range 0 to 15 percent. Specimen 11
from block III, however, is anomalous in containing
about 50 percent kaolinite; the quartz grains are uni-
formly distributed in clay, and the rock is clearly a non-
sand supported quartz wacke. Even though kaolinite is
the predominant mineral in specimen 11, a large grain-
size discontinuity exists between clay particles and the
smallest sand grains.

At most localities other than the type area, rocks of
the Boyer Ranch Formation have undergone post-
diagenetic changes due to deformation and metasoma-
tism during heating by the gabbroic complex. Partial
recrystallization of quartz sand grains is proportional to
the tightness of folding of the Boyer Ranch Formation.
The deformed rocks also contain fine irregular blebs of
quartz which have replaced carbonate in the ground-
mass. At some places, recrystallization has proceeded to
the degree that the rocks are quartzites, but more com-
monly, it has only slightly altered the primary sand-size
distribution.

Apart from ostensibly isochemical recrystallization
by redistribution of quartz, metasomatism of the ground-
mass is widespread in the Boyer Ranch Formation. The
degree of chemical change is roughly proportional to
proximity to contacts with the gabbroic complex. The
most frequent mineral assemblage in metasomatized
rocks is quartz-talc-albite-chlorite, but quartz-talc-albite
and quartz-albite-chlorite also occur. The large change
in composition is demonstrated by comparison of analy-
ses in Table 1. Talc-chlorite-albite occur as cxtremely
fine intergrowths in the quartz sandstone matrix where
they have replaced kaolinite and carbonate. Moreover,
the ragged cdges of some quartz grains suggest that
quartz too is replaced by the metamorphic assemblage.
In most rocks, however, the replacement of quartz sand
has not progressed to the degree that the original granu-
lometry of the quartz sand has been significantly
changed. Metasomatic albite is generally in fine inter-
growths or veinlets of irregular grains smaller than 10
microns which are invariably associated with talc or
chlorite. Detrital plagioclase is clearly distinguished by
its similarity in size and roundness to quartz sand grains.

In summary, silicate sand in both sandstone
and conglomerate of the Boyer Ranch Forma-
tion is almost entirely quartz; feldspar and
chertare notably sparse. Rare shale fragmentsin
sandstones corroborate the evidence supplied

SPEED AND JONES—BOYER RANCH FM., W. NEVADA

by co-deposition of carbonate clasts and qua;
sand in the conglomerate that quartz sand v
not matured in the local environment fro
which the lithic components were derived. T:
majority of sandstones are grain supported, b
in rocks with total sand content below abo;
55 percent, the silicate grains are eitly
uniformly distributed throughout a structur
framework of carbonate or clay, or both, ¢
more rarely, the quartz sand is concentrated
laminations which alternate with clay «
carbonate-rich layers. The majority of s
stones thus is homogeneous calcareous quart
arenite, but minor variants exist in the fielé
of quartz wacke and sandy limestone. The da:
of Table 2 indicate that the mean grain sizese
the variants are among the finest of the form:
tion.

The original amount of carbonate sand nos
indistinguishable from the matrix in rocks calle:
sandy limestone is uncertain. The occurrenc
of occasional definable carbonate sand grains
these rocks and of pebbly quartz calcarenite
the conglomerate member of the Boyer Ranct
Formation suggests that sandy limestone ma!
have been grain-supported quartz-carbonat:
sandstones.

The existence of quartz wacke indicates ths
at least locally kaolinite wasa clastic compone#’
co-deposited with quartz sand. Though quart
sand in quartz wacke is very fine-grained, it
as well sorted as sands in coarser quartz arenitc
There is no evidence that the quartz sand frac
tion occurring with abundant clay is any les
mature than sand with sparse clay. It would
appear that a low-velocity environment Wi
able to transfer a finer quartz fraction to place
where mud was depositing. The source of th
kaolinite is puzzling because subjacent Triass¥
pelites are illite-quartz-chlorite rocks.

Granulometry. Grain size and roundnt®
distributions of quartz sand in various sample*
of the Boyer Ranch Formation are given

Table 2.

Because the sandstones are highly indurated, s
distributions were obtained by measuring long dime®
sions (&) in thin section; number frequency of size graet
inintervalsof ¢ /4 where ¢ = —logy d(mm) are compiled
Table 2. The number of points counted was 300 to SO?‘
Granulometric properties of sandstones are usually ¢
culated from mass frequencies of size grades as det
mined by screen analysis, and screen and nicroscor¥
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L like those of the Boyer Ranch Formation. The
.chs of the distributions are gwcn by calculation of
; m,cnls 1 to 4 (I = mean grain size, 2 = standard
" cation, 3 = sl\e\vncss, and 4 = kurtosis); the equa-
5 employed are in the e\phndtmn of Table 2.
}\mmdncss distribution of sand in the Boyer Ranch
_mition was estimated by reference to the chart of
ln,bcm and Sloss (1963); the data are given in Table
;(hc mean roundness for grains in size intervals of
"+ The number of gmms differs in each size class such
:)[ the uncertainty in mean value is not a constant,
. absence of roundness data for some specimens in
‘,k 2 indicates that the roundness distribution was
il mntly changed by postdepositional reactions,
si specunens of 2 Navajo Sandstone obtained from
ations given in Table 2 were screened according to
«edures recommended by Krumbein and Pettijohn
_1,3), Moments | to 4 for both microscope and screen
«rbutions of these specimens are in Table 2, The
an size of the screen distributions of Navajo Sand-
e lies between 0.08 and 0.16 mmy; this range includes
. mean grain sizes of Navajo Sandstone studied by
ersch (1950), Gregory (1950), and Cadigan (1961).
wr specimens thus are fine-grained quartz arenites. The
1dard deviations of screen distributions of Navajo
sones in Table 2 are in the range 0.38¢ to 0.77¢;
.cording to the sorting classification for medium- to
v fine-grained sandstones of Friedman (1962a), these
Jues indicate the specimens are well sorted to moder-
v well sorted. Moreover, they fall within the sorting
<zc of 0.35¢ to 0.80¢ that Friedman (1962a) found for
.ind dunes, the environment ascribed by most authori-
s for deposition of much of the Navajo Sandstone
or example, Gregory, 1950; Kiersch, 1950; Stokes,
3).
Cadigan (1961) gave percentile values (2, 5, 16, 50,
4, 95, 98) for size distributions of various sands from
«{-sozoic formations of the Colorado plateau. We have
iculated moments 1 and 2 for plots of Cadigan’s data
+ probability paper using equations in Table 2. Figure
i; shows plots of mean versus standard deviation for
sdigan’s sands which include seven Navajo Sandstone
smples together with our six Navajo Sandstone samples.
Navajo Sandstone data cluster closely and show that
‘2 Navajo sands are the best sorted of those measured.
“izure 8b is an enlargement of the area in Figure 8a oc-
pied by the Navajo Sandstone points; it shows further
2z points for mean versus standard deviation as obtained
= microscope analysis of our Navajo Sandstone samples,
the microscope values lie within 0.2 to 0.3¢ units of
suivalent screen values, and most of the screen values
2« slightly coarser grained and better sorted than the
sicroscope ones. The comparison in Figure 8b indicates
kit the difference is small for values of first and second
saments caleulated from size distributions based on
suss and number frequencies for sands of the Navajo
e
\ttempts were made to improve the correspondence

wing long ime
ancy of siz arad
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d was 30C o ¢
s are usu v ol
grades ¢- dete:

and mic Jscop
ble. We ..tem;
ize data f

the differ-
¢ microsc: -
avajo Sas

ric attrils:tes an

< moments calculated for the two distributions by use

|  empirical linear transformations of Friedman (1958

‘/"b) Mmoscopc sizes (x) were converted to equiva-
1t sieve sizes (y) with the relation y= 0,9027 » -}
+3815, and moments of the converted distribution were
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calculated. Alternatively, regression equations for
moments | and 2 between microscope and sieve analyses
obtained by Friedman (1962b) with correlation coeffi-
cients of 0.99 and 0.79, respectively, were employed to
transform our number frequency moments to equivalent
mass frequency moments. Figure 8b shows that neither
method of moment transformation significantly improves

the fits.

Of the six Navajo Sandstone samples, four have small
positive skewness, one closely approaches a normal dis-
tribution, and one has a small negative skewness. The
skewness values lic almost within Friedman’s (1961)
allowable range for dune sand (> -0.28). The average
deviation of skewness of the microscope distribution
from that of the scrcen distribution is 0.21, and the
maximum deviation is 0.55. Figure 9 shows the plot of
skewness versus mean for our Navajo samples for both
screen and microscope distribution. The two point sets
are nearly coextensive and lie in a field which Friedman
(1961) showed to be occupied at least in large part by
dune sands.

In summary, values for moments I, 2, and 3
of both screen and microscope distributions of
six samples of Navajo Sandstone do not differ
strongly, and plots of mean size-standard
deviation are in the same region as the points
from the Navajo Sandstone distributions of
Cadigan (1961). Moreover, values of these
moments support the widely held view that the
Navajo Sandstone is largely eolian.

The means (7) of the microscope distributions
of specimens of Boyer Ranch Formation in
Table 2 are in the range 1.75 < y(¢) < 3.6 or
0.3 > 7 (mm) > 0.08. Of 23 specimens, 20
have means finer than 2.5¢ (0.18 mm). Most of
the sand populations thus are fine grained to
very fine grained. Medium-grained sands are
less abundant, and specimen 15, Table 2, is
believed to contain the coarsest sand in the
Boyer Ranch Formation observed in the field.

The standard deviations (s) of the microscope
distributions are in the range, 049 < s(¢) <
0.79 except for one value of 0.93. Application
of Friedman’s (1958, 1962b) conversions from
microscope to equivalent screen distributions
gives consistently lower values of standard’
deviation by up to 0.1¢, but generally less than
0.06¢. Because the transformations increase
deviation between microscope and screen
moments in some analyses of Navajo Sandstone,
we have used raw moments from number
frequencies in the following. Figure 8b plots
mean size versys standard deviation for samples
of the Boyer Ranch Formation. The Boyer
Ranch Formation data cluster, except for two
points, in a field which is virtually coextensive
with Navajo Sandstone points from Table 2
and from Cadigan (1961). The correspondence
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of fig. 8b

272) D Cs

; moments 1 and 2 of qujo and Boyer
Sach sands obtained by microscope analysis
hu qtes that the distributions must be similar
L Jeast in the central regions. The correspon-
e W -ould suggest further that the deviation
ween number and mass distribution mo-
ents for the Boyer Ranch sands should be
.ll, like that of the Navajo sands, Thus,
-oments from different data under such con-
i qmts can be quahtmvely compared, at least
a first approximation. The values of s in
b]c 2 suggest that the Boyer Ranch sands
. modemtely well sorted according to the
ssification of Friedman (1962a).
Skewness values of the microscope distri-
sions of the Boyer Ranch Formation are
Ml)’ small and positive; the maximum is
Four negative skewness values are in
jble 2, but three of them are > —0.1 and are
cually normal. The specimen with skewness
; —0.55 is distinguished by being far more
tamorphosed than others; its matrix is
_pletely replaced by talc-chlorite-albite, and
setial replacement of sand grains is strongly
spect. Ostensibly, the fine quartz particles
suld likely have been replaced completely
~h that the metamorphism may have pro-
wed increasingly negatively skewed distri-
stions,
Figure 9 indicates that points of mean versus
wwness for samples of the Boyer Ranch
srmation and the Navajo Sandstone occupy
aiilar fields. The closeness of the screen and
“iroscope values for the Navajo sands in
“sure 9 suggests that the field of microscope
dues for the Boyer Ranch Formation may well
sproximate that representing screen analyses.
“he correspondence of Boyer Ranch and Nava-
»sands in Figures 8b and 9 indicate that the
alyzed sand distributions are similar in both
he central regions and the tails,
A final granulometric measure to be discussed
+ the roundness distribution of the Boyer
lanch sands which are in Table 2. The round-
zss value of both Boyer Ranch and Navajo

ands were estimated by the same operator by
smparison with charts of Krumbein and Sloss
1963). The roundness values are averages for
wains in ¢/2 intervals, The results show in-
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creasing roundness with grain size as is ap-
parently true for most sand populations
(Pettijohn, 1957). The roundness distributions
of the Boyer Ranch and Navajo sands are
generally similar,

Judged by its sorting (standard deviation),
roundness distributions, and quartz/feldspar
ratio, sandstone of the Boyer Ranch Formation
is at least as mature as the Navajo Sandstone
which, in turn, is among the most mature of
the sandstones of the Colorado Plateau. The
similarity of the size distributions (Figs. 8 and
9) of the samples of the two formations suggest,
moreover, that the sands of the Boyer Ranch
Formation and Navajo Sandstone matured
under similar paleoenvironments since differ-
ences in the distribution moments are believed
to reflect differences in the dynamic conditions
under which sands approach equilibrium
(Friedman, 1967; Folk, 1966). The widely held
view (Gregory, 1950; Kiersh, 1950; Stokes,
1963) that the Navajo Sandstone largely con-
sists of dune accumulations is supported by
comparison of our values of Navajo sand
moments with those of modern sands from
Friedman (1961, 1962a). Though the moments
by themselves do not allow a unique inter-
pretation that the Navajo Sandstone is a dune
accumulate, they tend to eliminate a beach as
an origin—the most likely competitor for
conditions under which quartz sands would
evolve. Moiola and Weiser (1968) separated
coastal and inland dune sands by plots of
graphical measures of mean versus skewness; all
comparable plots from the raw distributions of
Table 2 fall into their field of inland dune sands.

The inference from the granulometry of the
sands of the Boyer Ranch Formation is that
they reached their relatively mature state
under dune-forming conditions, like sands of
the Navajo Sandstone. However, the restricted
distribution of the formation, the prevalent
plane-parallel chin bedding, and the absence of
current structures are surely not reflective of a
lithified dune field. We thus suggest that the
final disposition of the Boyer Ranch sands was
governed by different agents from those under
which the sands had originally evolved.

e

Figure 8. Plots of first (mean grain size) and second central (standard deviation of sorting coefficient) mo-
sents for size distributions of Navajo and other Colorado Plateau sands and Boyer Ranch Formation. (a) Moments
akulated from screen data from Cadigan (1961) and moments for screen analyses of Navajo Sandstone in Table 2.
%) Enlargement of part of Figure 8 (a) showing difference in plots for microscope and screen analyses and micro-
“ope-to-screen transformations of Friedman (1958, 1962) for Navajo Sandstone samples; lines tie points for each
ample compare with field of points from microscope analyses of Boyer Ranch Formation.
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SUMMARY AND ORIGIN, BOYER RANCH FORMATION

SUL\IMARY AND ORIGIN OF THE
BOYER RANCH FORMATION

The rocks which have been included in the
Boyer Ranch Formation are chiefly ﬁne*grame.d
wellsorted quartz sandstone of granulometric
(hnmcteristics similar to those of Navajo Sand-
qone. The sandstones Of. the Boyer Ranch
pormation are spatially uniform at least to the
resolution allowed by metamorphism and
Jeformation such that they contain no indica-
ion of the lithologic variability of subjacent
«ocks. In contrast, coarse materials, chiefly

carbonate granules and pebbles, in the lower

member vary in abundance with proximity
1o massive carbonate rocks in subjacent sections.
The lithic assemblage of the Boyer Ranch
Formation is unique in the Mesozoic column
of the Dixie Valley-Carson Sink region of
scstern Nevada except for the existence of
Luartz sandstone and carbonate conglomerate
4t some intervals in the Upper Triassic Osobb
vormation in Unit IT in the southern Augusta
\fountains.

ftis uncertain whether the present exposures
of the Boyer Ranch Formation are remnants of
, once-continuous sheet or, at the other
~wreme, whether the formation was deposited
-aseries of discrete troughs. In the Clan Alpine
-lountains at least, some evidence suggests that

- single depositional basin existed, its eastern

.gin was irregular. Near Hoyt Canyon the
sovement of allochthonous Triassic rocks into
¢ Boyer Ranch basin ostensibly during
sposition of quartz sand argues for non-
¢niform  topography. More specifically, the
cost likely source of the allochthon is within a
f-+ miles north of its present position such that
s wpographic high may have separated sites of
éposition of the Boyer Ranch Formation near
"yt Canyon and the type area. The accumula-
on of basal conglomerate in the trough of a
wacline in the type area, moreover, is sugges-
1. of an irregular area of deposition.
“ltis inferred that the original extent of the
tover Ranch Formation was not far greater
anits present distribution. The outcrops of
« the Boyer Ranch Formation are apparently
ruricted to an area underlain by a Mesozoic
trane (units I and IIT) whose stratigraphic
silstructural attributes differ from those of the
wzoic terrane (unit II) to the north and east.
1 % tectonic evolution of the subjacent rocks
“ilieved to have played a key role in the
“in of the Boyer Ranch Formation such that
<absence of the formation from areas under-
by unit 1T suggests that conditions there
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were not appropriate for deposition of the
Boyer Ranch Formation. Further, if the Boyer
Ranch Formation is correctly correlated with
the gypsum-carbonate deposits in the West
Humboldt Range, the Boyer Ranch Formation
could not have extended far to the west of its
outcrop area. South of the area of Figure 2,
quartz sandstone believed to be correlative
with the Boyer Ranch Formation occurs in
units dominated by other lithologies; though
the available clastic components during deposi-
tion of these units were more variable than in
the Boyer Ranch basin, the tectonic history of
preceding rocks was largely similar.
The maximum age of the Boyer Ranch
Formation is late Late Triassic as indicated by
the age of the youngest dated rocks in sections
on which the Boyer Ranch Formation lies
unconformably. A more accurate maximum age
is the time of uplift and erosion when the basal
unconformity was created. In western part of
its outcrop area, the Boyer Ranch Formation
was deposited after partial erosion of Early
Jurassic marine rocks which are at least as young
as Sinemurian; by extrapolation over 10 miles,
they are as young as Toarcian (late Early
Jurassic). A minimum age in the Bathonian
stage (late Middle Jurassic) for the Boyer Ranch
Formation is supplied by the gabbroic complex
whose radiometric ages indicate it is Middle
Jurassic. The probable continuity of deposition
between the Boyer Ranch Formation and
conturmably overlying volcanic rocks which
are co-magmatic with the gabbro implies that
the Boyer Ranch Formation is Bajocian or
Ba.honian. If continuity is not assumed, the
age of the formation is most likely within the
interval, Toarcian to Bathonian.
rhe’ stratigraphic position of the Boyer
Ranch Formation indicates that the formation
cords the last deposition of terrigenous
:naterials in the Dixie Valley region before
withdrawal of the Mesozoic sea due to orogenic
uplift. The superjacent volcanic rocks, which
are probably marine in part, are co-extensive
and co-deformed with the Boyer Ranch
Formation; the volcanic rocks thus inherited
or more probably, appropriated the Boyer
Ranch depositional basin before the basin was
finally destroyed tectonically.

The bedding in the Boyer Ranch Formation
is indicative of deposition in a low-velocity
aqueous medium. The existence of slightly

. earlier marine deposits below the Boyer Ranch

Formation and the proximity of probably
contemporaneous marine deposits to the west
in the West Humboldt Range suggest the water
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was most likely marine. The co-deposition of
quartz sand with highly immature clastic com-
ponents of clearly local derivation and the
paucity of current structures in the Boyer
Ranch Formation indicate the quartz sand did
not mature under the conditions in which it was
deposited. The occurrence of pebbly sandstone
near the bottom of the basal conglomerate
indicates that at least some sand was present at
the onset of deposition of the Boyer Ranch
Formation. Relations between the upper and
lower member imply that the quartz sand large-
ly entered the basin from outside sources,
ostensibly from the shoreward side of the basin,
during deposition of the formation.

The sand must have evolved as a mature
sediment in a different environment and must
then have been transported as such to the
depositional basin of the Boyer Ranch Forma-
tion. The quartz sand distribution moments are
remarkably similar to those of Navajo Sand-
stone, and plots of moments believed to be
sensitive to the dynamics under which sand
populations evolve suggest that our samples of
Boyer Ranch and Navajo sands may have been
dune sands. This environment is widely agreed
upon for Navajo Sandstone (for example,
Kiersch, 1950; Gregory, 1950; Stokes, 1963),
and the correspondence for the Navajo streng-
thens the genetic interpretation of the Boyer
Ranch sand. Thus, it would seem that sand
which matured in a dune-producing environ-
ment reached a state of final deposition in fairly
quiet water, The possibilities are that the Boyer
Ranch sand either was largely transported from
a Jurassic dune field to the site of deposition or
was derived from an older sandstone which is a
dune accumulate.

In the following paragraphs, we attempt to
outline a conceptual model of events leading
to the present nature of the Boyer Ranch
Formation. The youngest rocks in the terrane
which underlies the Boyer Ranch Formation
are interpreted as near-shore marine deposits.
They most likely record a southwestward or
westward regression of the shoreline across the
Boyer Ranch outcrop area from latest Norian
through Toarcian time; alternatively, it is pos-
sible that the shoreline maintained a steady
position to the north and east of that area well
into the Early Jurassic. Uplift, warping, and
further westward regression of the sea followed
the deposition of these rocks and allowed: the
creation of a dissected erosion surface on the
terrane on which the Boyer Ranch Formation
was to be deposited. The surface is envisioned
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" have been overlain at least locally by conce;

to have been littered with coarse debris whe
underlain by massive carbonate rocks and |

trations of quartz sand. Continued foldit
produced synclinal downwarps of sufficier
amplitude to invite the sea which lay to th
west to re-invade part of its former basin. O
the scaward half of the transgressed zone, bas
algal limestone was deposited, whereas in th
shoreward part where underlying rocks ar
massive carbonate, coarse debris collecte
principally along trough hinges. Quartz s

accumulated concomitantly with the pebbl jjjor easy
in the shoreward zone, but was not deposite: Jop the
on the seaward side until the limestone deposf ;v - ciona
tion was near completion. The stratigraph
of the Boyer Ranch Formation, however, i
dicates that the sand must have continued &
be suppliqd frorg.l sources ou.ts.ide thcl Boye} ¢4 LR,
Ranch basin during its deposition. It is envi ‘n-siz:
sioned that to the west, farther offshore, th "5 Pla:
partially reconfigured, and perhaps constrictec . 39, p.
marine basin was the site of precipitation ¢f Cor n, 7J.
gypsum and limestone. by of
The Boyer Ranch basin was then the locusc wvada:
invasion of basaltic magma which intruded th . anford
Boyer Ranch deposits and extruded over them} ¢ )?’OH
The intrusion grew by pushing the Boyt . .E‘,?dx:f:,
Ranch Formation and volcanic rocks laterall pcrzl
out toward the basin flanks. Concurrently, th§ Foly, L.,

Mesozoic rocks (unit I and III) subjacent ©
the Boyer Ranch Formation were continuin;
to fold about east-west axes and to ride nort!
over older and partly contemporaneous Meso
zoic facies of shelf affinities (unit IT). The entir
Mesozoic terrane of the Dixie Valley regior
was later folded with a northerly axial trace i
Middle Jurassic or later time. :

The Boyer Ranch Formation thus records-
coincidence of tectonic basining and influx ©
mature quartz sand, a sediment usually df‘
posited under conditions of high tectoni
stability. It is possible these co-events wer
fortuitous, but we propose that instability W&
mstrumental in the deposition of quartz sant
of the Boyer Ranch Formation. Briefly, we ¢
vision a field of quartz sand dunes confine¢
east of the generally regressive Mesozoic shof¢
line at least in Late Norian and Early Jurasst
time. The dune field may have been composet
exclusively of sand generated by wave actio”
in the vicinity of the shoreline, Altcrnati\'.d)'
the dunes may have largely contained transient
sands which migrated along the shoreline fro”
a distant source which also yielded the sands 17
synchronous deposits in the eastern Cordillert
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