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synorogenic Quartz Sandstone in the Jurassic Mobile

Belt of Western Nevada: Boyer Ranch Formation

The province of Lower Mesozoic layered rocks
s western Nevada contains a diversity of marine
iologies whose deposition continued locally as
aic 35 Middle Jurassic time. At places in the
awince, mature quartz sandstone constitutes all

g0, Rand McNally & Ce] 4non-volcanic rocks and is believed to record the

nics of Appalachian strw
‘vey Ann. Rept. 13 (159
1

it deposition of tesrigenous sediments before
amplete effacement of the marine basin by wide-
gtead orogeny. The sandstone was deposited early
¢ the orogenic episode and at least locally in
~wughs created by folding of subjacent rocks. The
aads are anomalously mature with respect 10
adeposited  clastic components and o coarse
kuital materials in nearly all earlier Mesozoic
~¢ks of the province. The problems are the source
{ the quartz sand and the reasons the sand was
kposited synorogenically. '

The name, Boyer Ranch Formation, is formally
;oposed for a lithosome of homogeneous Jurassic
;urtz sandstone and basal conglomerate and lime-
e in the Dixie Valley region which is approsi-
~nely in the northern third of the outcrop area
A{ Jurassic quartz sandstone in western Nevada,
The Boyer Ranch Formation contains up to 500 ft
A sandstone, largely fine-grained calcarcous quartz
wenite, whose granulometric properties suggest

aqart of the highest stratigraphic units in sections

 ABSTRACT

coltan sorting, but whose bedding indicates quiet-
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
eolian saltation, 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 Cordiliera and
the Colorado Plateau.

NTRODUCTION

The region of western Nevada shown in
Figure 1 contains the southeastern portion of a
broad province of lower Mesozoic rocks whose
brger distribution is partly shown by Muller
{1949) and Silberling and Roberts (1962). The
province widely exposes deformed Triassic and
Lower Jurassic terrigenous and volcanic sedi-
mentary rocks and carbonate and volcanic
cks. Marine deposition was apparently con-
unuous at places as late as Middle Jurassic time
{Corvalan, 1962) before orogeny caused major,
if not complete, withdrawal of the sea. Much of
the region of Figure 1 contains sporadic ex-
posures of quartz sandstone, which wholly or

partly constitutes the highest stratigraphic
units in sections of non-volcanic Jurassic rocks.
We believe such quartz sandstones are lfitho-
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 contemporaneous with the
beginning of orogenic movements, and at Jeast
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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‘¢ quartz sand matured in an cmriro;_unent
L:oh was different from that in which it and
.:;acent Mesozoic rocks were deposited. The
sjeetives of our investigation are to determine
«c most likely source of the quartz sand and
x¢ reasons why a mature sediment should be
s;usited under orogenic conditions. .

‘The northern third of the belt of Jurassic
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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 stiatigraphically 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

)
§ .anz sandstone in western Nevada (Figs. 1 markedly from subjacent lithologies. Figure 2 i ;C‘J,
° -1 contains a relatively homogeneous sand-  shows the location and extent of the Boyer P
wae unit, here designated the Boyer Ranch  Ranch Formation; the total arca underlain by : . ‘l ey
szmation. This paper focuses on the Boyer  outcrops of the formation is roughly 8 sq mi, .
4 tnch Formation with a view toward the but a line which circumscribes the region of i Ya*
" “eoenvironment and tectonic events which  outcrop encloses about 640 sq mi. Thus, the ex- i
H *la 40 the depasition of the formation. The posures of .thc Boyer Ranch qumation are . A ﬂf‘jv. »
5° H zin of Jurassic quartz sandstone at other  small and widely separated, and it is not certain - N
N suces in western Nevada will be compared ina  that the rocks included in the formation were ‘ '

tz sandstone is exposed and area of Figure 2 which contains rocks assigned to Bo

ic quar

Figure 1. Index maps showing region of western Nevada in which Jurass

Ranch Formation.

scr paper with the model set up here for the
Laer Ranch Formation, and in that paper, the
wice of quartz sand will be explored in a re-
~mal context. In addition to 1ts role in the
hlem of the origin of mature sand deposited
wing orogenic movements, the Boyer Ranch
“ymation is independently significant. Tt has
coely controlled the heat transfer and em-
acement of a large complex of gabbro and
walt whose parent magima would Lave formed
hdd of surface lavas if the Bover Ranch
‘ymation had not existed (Speed, 1968a).
“orcover, the Boyer Ranch Formation pro-
des sn important key to a better under-
unding of the paleogcographic evolution and
tthe scquence and times of tectonic events in
x Dixie Valley—Carson Sink region of western
\evada. ’
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' Trmation Characteristics

The name, Bover Ranch Formation, is-

B :roposed here for quartz sandstone and associ-
& #d carbonate rocks and breccia which crop

gnin Lo

originally laterally contiguous. Nonctheless, 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 serve 1o
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 Stllwater 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 Formarion contains basal
units overlain by -quartz sandstone. The more
northeasterly exposures of the formation have
0 ro 250 ft of basal dolomite conglomerate in-
terbedded with quartz sandstone, whereas the -
basal déposits 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 thar 95 percent quartz.

The maximum preserved ~thickness of the
Boyer Formation is 500 {t.

. 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 placesin the Stillwater Range where
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quartz sandstone is conformably overlain by
volcanic rocks which arc believed to be part of
a Middle Jurassic igneous complex. The Boyer
Ranch Formation lies unconformably over
rocks of Late Norian (late Late Triassic) or
younger age at several places in the Clan Alpine
Mountains and the Stillwater Range. Else-
where, the formation is thrust over Late Trias-
sic 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
1s 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 nearly obliterated, sug-
gesting that the sandstone may not have been
well lithified during thrusting. In the Still-
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 complc‘(, and the formation occupies
an annular region in plan about the elliptical
igncous 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 its dep-
ositional basin (Speed and Page, 1965; Speed,
. 1968a, 1968b). On the basis of this theory, dis-

placcments 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 BO)
Ranch Formation have not been moved
from their sites of deposition. The displacer
vectors are thought to emanate from a
source which would run from the Buena Vi
Hills through northern Dixie Valley. The &
tribution has been {urther complicated
Tertiary normal faulting.

Regional Relationships

General. The distribution and phys
rclationships of the Boyer Ranch Forman
relative to subjacent rocks suggest that it w

+ deposited in a restricted area over which

particular set of paleogeographic and tect
conditions existed. The occurrences of g
sandstone of age and physical attributes si
to those of the Boyer Ranch Formation at
tain places to the south and southwest ofDu
Valley, however, indicate that such condit
obtained locally elsewhere in western Nevadi
The pre-Teruvary rocks of the Dixie Val
region are almost entirely Triassic and Les
]urassic sedimentary rocks and Jurassic
igneous. rocks (Fig. 2). The east side of Fxgun
is within 35 miles of the easternmost
mentary rocks of the western Nevada Me
province at this latitude.! The present caste
margin of Middle and Upper Triassic rocks
regarded by Silbetling and Roberts (1962)
indicating approximately the maximum ext
to which the Mesozoic sea transgressed o
the province from the west. Lower Jun
deposits lie at least 40 miles west of the east
most. Mesozoic rocks, and the distributions
the Jurassic and uppermost Triassic- (U
Norian) rocks (Willden and Speed, in p

suggest that the shoreline moved west and

" came more irregulatly configured during t

time interval. The marine basin was eradica
probably in Middle Jurassic time by a regiod
orogeny whose initial movements were da
as Toarcian (late Early Jurassic) near M
(Fig. 1) by Ferguson and Muller (1949).T)
first movements occurred approximately at
same time in the Dixie Valley region, but wi
this-region the phases and styles of deformai
are areally variable.

Pre-Boyer Ranch Formation Rocks. R
of the Dixie Valley region which are older ths
the Boyer Ranch Formation are divided i

1The easternmost beds are in otitlier ‘of Tris]
conglomeraie and limestonc in the Hall Creek quadng
of the Totyabe Range; the deposits were recently &

covered by J. H. Stewart of the U.S. Geological Sum

The beds are equivalent to part of the Augusta sequd
of unit 11 (J. R. MacMillan, oral commun., 1969),

ém:c units? whose pro
a the following and
&own in Figure 2.
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and the upper 1700 ft is massive limestone and dolomite.

~ units? whosc properties are summarized
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2.: 1. Triassic SHaLE aAND SiLTsTONE. The
- Boyer Ranch terrain in both thf: Stillwa.ler
zzc and Clan Alpine Mountains consists
tly of a succession of Norian (upper Upper
asic) rocks which are dominantly shale and

& cone. The exposed thickness of the succes-

avwhere covered (Willden and Specd, in
bog).

q

T

a the western Stillwater Range south of Red Hill
-3 2), Triassic shale and siltstone, which are commonly
+ or phyllitic, are continuous with Lower Jurassic
reous siltstone, shale, and silty limestone of unit MI.
4 the Clan Alpine Mountains, the Triassic section
§ cunts largely of shale and siltstone, but it contrasts
.4 correlative rocks in the Stillwater Range because
1« upper 3000 ft contains about 40 percent limestone,

i

"Regional lithostratigraphic groupings of Mesozoic
%-mentary rocks in the region from Dixie Valley as
k. sorth as Winnemucca were first presented by Muller
49) and Muller and others (1951), who differentiated
x rocks into two. facies which were believed to be
aaposed by the Tobin thrust. More recent studies
date that if the Tobin thnist exists, it is unlikely to
aesignificantly redistributed Triassic rocks and that
awposed trace is confined to a small area at least 5
s north of Figure 2 (Silberling and Roberts, 1962;
\ ). Silberling, oral commun., 1968; R. C. Speed,
tpublished mapping in Stillwater Range). Triassic and
asic rocks of the Stillwater Range and the Clan
Gine Mountains (south of Spring Creek) in Figure 2
«tc included by Muller (1949) in the lower Plate
xces which has been redesignated the Winnemucca

ks of the Augusta Mountains are part of the Upper
fute facies called the Augusta sequence by Silberling
«d Roberts (1962). The informal pre-Boyer Ranch
famation units presented in this paper and shown on
fgure 2 difler from previous groupings by the isolation
 Lower Jurassic rocks and of certain Upper Triassic
inc-rained clastic rocks {from the Winnemucca sequence
&d by the lumping of the remainder of the Winnemucca
+ith the Augusta sequence. Tlic assignment of Triassic
sxks to units [ and 11 is based on differencesin lithology,
Aickness, and age of youngest beds, but the stratigraphic
wbdivisions contrast as well in tectonic style, One of the
sacepts employed by Muller (1949) for facies designa-
o0 of Triassic rocks was intensity of folding, namely,
4at beds of the now-called Augusta sequence are slightly
srped at best, whereas beds of the now-called Win-
xmucca sequence are structurally complex. Muller’s

+iiew finds little support in the Dixie Valley region, for

the rocks in the Augusta and Winnemucca sequences

cmay be as great as 20,000 ft, and its base is-

euence by Silberling and Robeérts (1962). Triassic

Late Norian faunas of the Rhabdocrras suessi Zone of ) : -

Silberling and Tozer (1968) occur within about 1200 ft
of the croded top of the section, but the uppermost
rocks contain no age-indicative fossils. Because of their
small arca of cxposure, the undated rocks are included
with subjacent Triassic rocks in unit I on Figure 2. On
Plate 1, however, they are differcntiated 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 111
in the Stillwater Range). In the Clan Alpine Mountains,
the stratigraphic relicf of the scction below the uncon-
formity which underlies the Boyer Ranch Formation is
about 1100 ft. ’ .
The cast 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
rockslike those on the west flank discussed above. In this
region Late Triassic shale and siltstone arce 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 Cotronwood 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 Stiliwater Range. Lithologically similar rocks, how-
ever, occur with massive limestone ncar 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 Stillwater 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 outerop belt (~20- miles wide),
together with high clast angularity, argues for a homo-
gencous clast source which paralleled the belt of con-
“glomerate, -

Facies changes in the Triassic 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

Vasigned heére to unit II are deformed rather similarly:

oreover, their deformation contrasts markedly with

sological Survey northwest across the Stillwater Range as far as ’ o : e

ugusta sequenge
un., 1969). b

that of the other Triassic rocks which are here grouped
w unit 1.

Red Hill (Fig. 2). Southwest of this belt, upper- - R ,.

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 coarsencss of clastic interbeds in the
carbonate rocks support the idea that this is a
shoreward facics. MNoreover, 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.
Unir 1L Triassic Rocks, PREDOMINANTLY
Livestone: Rocks included in unit 11 are
chiefly Middle and Late Triassic carbonates

which are as young as Middle Norian (Sllbcr— .

ling and Roberts, 1962; N. J. Silberling, written
commun., 1968). The time overlap between
rocks of units I and 1T 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 fr of quarrz -

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 pereent shale, siltstone,
and quartzite. Flere, 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 11 in Figure 2.

Parts of units I and II 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 ft) of Triassic

rocks which are continuous at least in part with
Lower Jurassic rocks and which are younger.
than rocks of unit IT. Perhaps most importantly,

" mapping). The thickest continuous scction of Lo

the phases and styles of folding in unit I di
{rom those of unit II.
Unirr 111 Jurassic SiLTsTONE aAND Limeston
In the western Stillwater Range, Triassic s
and siltstone are continuous with Lower Jurss}
marine sedimentary rocks which consist o
few hundred feet of calcareous siltstone, sl
and silty limestone. The youngest fossils d:
tained from these beds are Sinemurian or
bly, Toarcian (Page, 1965; Young, 1963; N.i
Silberling and R. E. Wallace, oral commuz
1963). A few miles north of the Buena \}
Hills in .the Pershing Mining district of.
Humboldt Range, N. J. Silberling has definite:
identified Toarcian fossils in a section of abus
300 ft of Lower Jurassic rocks (wrmcn conv
mun., 1964).

Girections (Willden
vanance 1n axis Oric
blding of broader -
wrfaces trace north-.
sumber of thrust blo
slocal slides during i
ton began after depo
w Toarcian or later 1
Beds of unit IT arc
thout northerly axes
Figure 2; near the je.
bld limbs are locall:
blds are overturncd
MacMillan, unpublis!
uct between units |
shich, at least in the
ounit I have ridden n
The equivalent conta.
o the northern Clan
m!cd by Terunary
8 structure across t!
nggests a comparabl
Sullwater Range. Tl
wer unit I 1s not
anglomerate wedges,
Wountains indicate
wrth from likely poi
e east. Broadly, the
wggest that fine-gr.
acks (unit I) colleer
%sin in Late Triassi
tfted, deformed, and 1

Lower Jurassic siltstone and silty limestone occur &
above the shale facies of Upper Norian rocks of unit;
This relation céuld imply that the margin of the pree.
distribution approximates the Early Jurassic shoreline
that the carbonate facies of unit I is actually Jurassk
part. The Lower Jurassic fine-grained clastic rocks d
from subjacent Norian pelites by being far more cila
cous and containing abundant thin limestone interbes
Moreover, the rate at which Lower Jurassic deposits
cumulated may have been two orders of magnitude k
than the Norian rate, provided Early Jurassic deposit
was continuous. The latter points suggest a change
depositional environment from Norian to Early Ju
time which was perhaps associated with westward mipa
tion of the more stable phtform on which the masd
beds of carbonate facies of unit I had been deposn(td

Twenty miles west of the Stillwater Range in the Ve aver partly contempy
Humboldt Range, Lower Jurassic rocks are in far greae 1) early in the Jurus 1
abundance than 1n the Stillwater Range, The totd hd® The first folds. in -
ness of the Lower Jurassic section in the West Humba
Range is uncertain, because the Mesozoic rocks theresr,
in a pile of thrust nappss (R. C. Speed, unpublixhil

trust surface whichi
fom unit II in the
frmed together witl

Jurassic rocks, however, is around 1000 to 1200 ft. P» shich havci northerl
vided the nappes are not far-travelled, it would apm blds of units L and i
that rocksin the West Humboldt Range indicate a Low§ during the overridin;: |
Jurassic thickness gradient with a strong westery cff Bl. In the Stillwatcr
ponent. The youngest faunas obtained from these ed§ Formation is trunci:
are Toarcian, In the northern West Humboldt Ratp f hrust which brough,
5 miles east of Lovelock (Fig. 1), several hundred feet
gypsum and sandy limestone lie conformably above
fossiliferous calcareous siltstone which is lithologicy
identical with the rocks bearing Sinemurian and Torand Hge of folding. h. I
fossils, Twenty-five miles southwest of Lovelock i uon' occurrcc.i d”””P
Mopung Hills, calcareous siltstone and limestone belicew§ Hdmg of units T and
to be Lower Jurassic (Willden and Speed, in press) ngl()ﬂal Setting ol
overlain by gypsum, quartz sandstone, and Limese f8on.  The distribu:
' ABayer Ranch Forn.
The structure of rocks in units I and Hlifeviensive with the o,
complex; Triassic shale and siltstone and LovaJunit because the B
Jurassic rocks are tightly co-folded about a=furuncated on the no
which plunge both in westerly ‘and easthfahich separates unin

dposition of the Boy
pecceded thrusting «
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of folding in unit I diloR.cciions (Willden and Speed; in press). The
o § sunce in axis orientation is duc to later
iLrsTONE AND Livestort R iding of broader wavelength whose axial
ater Range, Triassic sha*§ fices trace north-south. Unit I contains a
inuous with Lower Jurawt. mber of thrust blocks which are interpreted
rocks which consist o 8% lual slides during first folding. The deforma-
calcareous siltstone, shak §iq began after deposition of unit 111, hence,
The youngest fossils ob & Toarcian or later time. .
Is are Sinemurian or posr Beds of unit 11 are relatively broadly folded
1965; Young, 1963; N.} 3.0 northerly axes in the northern part of
. Wallace, oral commua®ue 2; near the join with unit 1, however,
north of the Buena Vissd fimbs are locally tightly appressed, and
ig Mining district of tefif are overturned (R. C. Speed and J. R.
-J. Silberling has definitds®uM (illan, unpublished mapping). The con-
ossils in a section of abot®u between units [ and 11 is a tectonic zone in
assic rocks (written codohy at least in the Stillwater Range, rocks
® unit | have ridden north over those of unit 11,
o kxcquivalcnt contact between units 1 and 11
¢ and Slky. limestone occur e E: the northern Clan Alpine Mountains is con-
Upper Norian rocks of unst #.3d by Terti d s b \
- that the margin of the prewsifacd by Tertiary deposits, but the contrast
s the Early Jurassic shorclire 3 tructure across the 4-mi covered interval
: of unit T is actually Jurask aggests a comparable relation to that in the
: fine-grained clastic rocks dde & dwater Range. The displacement of unit -1
wlites by being far more clamiger unit 11 is not great, however, because
ndant thin limestone intetbodBedomerate wedges in the eastern Clan Alpine
hich Lower Jurassic depositt a2 niaing indicate unit I has not moved far
:0 two orders of magnitude bk, [0 likely pebble sources which lie to
avided Early Jurassic d"l'-":" 7% cast. Broadly, the relations discussed above
:cfrmp;l;:;ris;f%f:;z:rfyl;uf:“:-chst that ﬁne‘gmine_d clastic scdimel}tz.xry
Bk (unit ) collected in a rapidly subsiding

associated with westwird mipeigts | lected
platform on which the muwq@in in Late Triassic time and then were up-

of unit T had been depasited &al, deformed, and transported to the north.

the Stillwater Range in the Wreiga partly contemporaneous shelf facies (unit
r Jurassic rocks are in far gres#® cirly in the Jurassic orogeny.

tillwater Range. The total thxd- B 1he firor folds in units 1 and I and the
ic scction in the West Hmnl-:i#{'usl surface which separates units I and I
J#o unit I in the Sullwater Range are de-
gned together with beds of unit 1L'in folds
is around 1000 ta 1200 ft. Pyl have northerly axial traces. The carly
# far-travelled, it would apgrw/ges of units I and 11T thus formed before or
umboldt Range indicate a Lowaterng the overriding of unit IT by units I and
nt with a strong westerly coa ¥ In the Stillwater Range the Boyer Ranch
aunas obtained from these radéfemation is truncated at one place by the
rthern West Humboldt Raxgfig which brought unit I over unit II. The
(Fig. 1), several hundred fre €&, Li0n of the Boyer Ranch Formation thus

sl‘onc lie conform.nbl.y mef ?' rweded thrusling'of vunit I and the second
siltstone which is lithologxal

pss (R. C. Speed, unpubli

t continuous scction of s

searing Sinemurian and Toascu:
:s southwest of Lovelock ia fi} ,
) . . X3

ssiltstone and limestone belr &0 of units I and 111.

villden and Speed, in pres) »§ legional Setting of the Boyer Ranch Forma-
aartz sandstone, and limevw 3. The distribution of outcrops of .the
prcr Ranch Formation is clearly not co-
rocks in units T and 1l
ale and siltstone and Loweld
ghtly co-folded about awe]

in westerly and east

s because the Boyer Ranch Formation is
sted on the north by the tectonic zone
$:ch separates units I and 11 and is covered

Further, the gypsum deposits near Lovelock

gy of [olding. Tt is believed that the deposi- .
§: occurred during the early stages of first

“have similar minimum ages.

sawve with the original distribution of the

of saline waters. If the constrictions had a tec-

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 NI and'is absent from terrain underlain
by unit I1. It is unlikely that the Boyer Ranch
Formation is absent above unit II due to less
probability for preservation there than over
units 1 and IIl, becausc the deformation of
rocks in unit II is far less than that in units |
and HT and because of the overriding of unir 1
by units I and I1. 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
II 1n 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 1 was deposited may
have ceased before Late Norian time. In con-
trast, the rocks subjacent to the Bover 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 R
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 outcrap area. Indeed,
these undated beds and Boyer Ranch Forma-
tion may be lateral equivalents. The correlation .
1s 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.

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

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

tonic origin, they may have been contempora-




ncous 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,
1 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, tufl breccia,
{ laminated wff, and volcamc sandstone of
' hasaltic and keratophyric composition. The
volcanic rocks (Jurassic basalt of Fig. 2) occur
; only within the perimeter of the outcrop area
r 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

1gneous body 1s thought to be the erosion sur-

face which underlies the Boyer Ranch Forma-

tion. The volcanic rocks cap the intrusion as

. well as the annufar 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 igncous

rock to space on and within d single sedimentary

unit, the Boyer Ranch Formation, argues for

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, sespectively, 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.
If 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

2560 SPEED AND JONES—BOYER RANCH FM., W. NEVADA ) ‘
. i

“description on the basis of the relative clante

control of the distribution of the igneous -

widely separated granitic plutons, probably s
Cretaceous or Tertiary time, and Tem
volcanism and block faulting. -

. . . : intrusive
Boyer Ranch Formation were the intrusion (g v 02| contoc:

N\ s
Stratigraphy

No single section contains the depositis
bottom and top of the Boyer Ranch Formatin,
Consequently, no adequate type section exin
and we have sclected a type area for systemat

L

with which the stratigraphy, structure, a
basal contact relations can be interpreted. T
type area, north of Shoshone Creek in 1
northern Clan Alpine Mountains, exposs 1
unconformable base of the Boyer Ranch Fue
mation over a rclatively large outcrop lengt
Unfortunately, the top of the formation is m
preserved in the type area, but at other placef -
where the depositional top is exposed, the larpd L1
amount of intrusive rocks and extent of intcrnd | 4 . k.
deformation and metamorphism obscure 1 o Soncontc
Boyer Ranch stratigraphy. - | eseren [open oone:
The formation 1s named after the Boy Range 52’!{[‘.'
Ranch, a prominent landmark in northed i ] A
Dixie Valley, which is near the ‘center of 1l j Figure 3. -Stratigraphic Secti
area of exposure of the formation. Excelle:}2fmution section locations on 1
outcrops of the Boyer Ranch Formation oce. i ) y
two miles northwest of the Boyer Ranchat:,| . ¢P out In a northeri
mouth of Cottonwood Canyon which is's! <hislargely in fault cont,
cessible from the Dixie Valley Road. $ad bedded tuff of Pmb“blF
The descriptive stratigraphy of the Bo.\rf"_’logy _Of the Clan "\‘lp“'
Ranch Formation is derived chiefly from th cighboring ranges is giver.
incomplete sections (Fig. 3), each of which l{"}'d (in press).
believed to have stratigraphic continuity, Td * "¢ Boyer Ranch Form
gether with observations at other points, i is_unconformably .
scctions indicate that the Boyer Ranch Forn fesozoic rocks, of which tl
tion consists broadly of two members: a bad total of perhaps 20,000 ft o
limestone or limestone and dolomite-pebi (hg type arca. The S"l?"7
conglomerate with pebbly quartz sandstor 5(]'§C"Sse,d"] th.c fo””f"‘“»"'
and an upper homogeneous quartz sandstond™'> 11 order of increasing .
Macroscopic compositional and textural tre nconformity:
in the Boyer Ranch Formation are observald ;) Aassive dolomire and tin
Oﬂly in the basal member which is largely o k): chicﬂy medium grey fine- .
glomcratc in the northeastern half of the o« ve dolomiite; almost entire section
crop area and limestone in the southwesterpst 10 to 400 ft in block 11 (sce ke

half. . pansive, white, grey, and black 1i:
) ] }.m:.
Type Area | {b) Limestone and sidndsione (1

whedded to massive, dark-gres
wiz and massive white and gre.
ch in organic debris, sparse inie,

General Geology. The type area of 1
Boyer Ranch Formation covers about one-

. square mile in the northern Clan Alpine Moug, 4 of (hin-bedded very finc-g:.
_tains, two miles due north of Shoshone Creeigon 10 200 fi are red very fine

A geologic map and cross sections of the tf:sone with current structure:

area are on Plate 1*. Mesozoic rocks in the typaiks; Monotis subcircuturis thiu

_ ’ (¢)" Limestone, shale, und silr.

* See Plate Section for all plates. : ?’“kncss uncertain owing 1o in

' '
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-enter of th _Figure 3. Stratigraphic Sections of Boyer Ranch
. Excelle:
mation ocr
Ranchai® |
which is ‘s

d “ind bedded tuff of probable Miocene age. The
f the Boydlogy of the Clan Alpine Mountains and
" yighboring ‘ranges is given by Willden and
wed (in press).
The Boyer Ranch Formation in the type
wa is unconformably underlain by Lower
wsozoic rocks, of which the upper 3000 out of
otal of perhdps 20,000 ft of section is exposed
44 the type area. The sub-Boyer Ranch rocks
discussed in the following, as three informal
is in order of increasing distance below the
conformity:

crop out in a northerly trending block

ly from tht
1 of which
tinuity. T
r points, Ul
anch Forn
bers: a a
smite-pebl
tZ Sand\im

vtural trom

€ observaly 1) Massive dolomite and limestone (400 to 1200 {1

\j: chiefly medium grey fine- 1o coarse-grained mas-
¢ dolomite; almost entire section at places is dolomite,
1010 400 ft in block 1L (see later) is thick bedded to
ive, white, grey, and black limestone; no diagnostic

) Limestone and sandsione (600 ft thick): largely
e bedded to massive, dark-grey to black cherty lime-
cand massive white and grey limestone, commonly
out onc-luly;, organic debris, sparse interbeds up to a few feet
Ipine Moungy of thin-bedded very fine-grained sandstone; lower
hone Creeigasg 200 ft are red very fine-grained sandstone and
of the tyj@eme with current structures, stump folds, ripple
sin the ty ﬁw\v; Monotis subcircularis throughout unit.

" {.4) Limestone, shale, and silistone (1500 ft thick):
L&:tss uncertain owing to internal faulting; about

jxnuation section locations on Figure 2 and Plate 1.~

chislargely in fault contact with ignimbrite -
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40 10 50 percent thin-bedded 1o massive, black cherty
limestone, percentage increasing toward top; units of
homogeneous limestone from few inches 10 greater than
200 ft thick; 50 10 60 percent locally slaiy, orange-
weathering green shale and siltstone: minor current-
bedded, ripple-marked calcarcous sandstone and shelly,
silty limestone; base is faulted; unit overlies thick (3000
ft) mudsione-shale-slate at Hoyt Canyon, 7 mi south-
westy Monotsis subcirculuris, Hallorellititid brachiopads,
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. ]. 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 igneous 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 clse-
where) is Bathonian (late Niddle 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 fryand the zone of transition is
discordant to bedding in unit (a) (PL. 1, map
and scction 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 homogeneous,
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 in 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-

a——— s -




vironment, it must have been widespread such
that the Late Norian (and younger?) carbonate
facies between the type arca 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 calcarcous deposits produced a
Mg~Ca ratio sufficient {or dolomitization of the’
adjacent carbonate rocks.

Structure. The Boyer Ranch Formation at
the type area is exposed in three fault blocks
which are delincated on Plate 1 as block 1, 11,
and 1L : . ’
Brock 1. The southern block is separated from
block 11 by a normal fault which cuts the upper
part of the Boyer Ranch Formation within
block I. Block T largcly 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
sheer 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 {t in maximum dimension and are
highly angular. The breccia can only be dated
as earlier than the Tertiary volcanic rocks. The
breccia of block T may be a klippe of the thrust
plate designated as block 111 in which similar
gabbro breccia is widespread. If true, the block
HI thrust ongmally covered the entire type
arca. An alternative to the above hypothesis
1s that the breccia sheet of block T was a slide
from pre-cxisting breccia in block 111, but was
not temporally related to the emplacement of
the block 11 thrust, o

Beds in the allochthon of block I which con-
tains the Boyer -Ranch Formation mostly oc-
cupy the northerly limb of a macroscopic anti-
chine (section BB/, PL. 1) which is overturned
to the north. Figurc 4a shows the distribution of
bedding poles for the Boyer Ranch Formation
and subjacent rocks of units (a) and (b). The
best it 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
prohle such that the =S, distribution of Boyer
Ranch poles falls far short of a great circle.

3 The fit wasobtainzd by finding the orientation of the
plane in spherical space which ininimized the sum of
squares of the normals between the plane and poles to
bedding on a8 unit sphere. The projection of ¢his plane
on the equatorial planc is the best fit great circle through
bedding poles on the equal area net.
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The use of the above axis for the Boyer Ran
Formation requires that the Boyer Ram
Formation is folded coaxially with subjacen
rocks, an assumption which seems valid by 1}
parallelism of bedding strikes on both sides
the contact. The base of the Boyer Ranf
Formation in block [ is thus implied to be citle
an crosional unconformity or an angular up
conformity without discordance of strike.
Brock II. The south side of block IT is normd
faulted against block I, and the northern m:ugitx’
of block II is the trace of the thrust wha
scparates the allochthonous rocks of block 11§
from block II. Block Il contains faulted s
tions of sub-Boyer Ranch rocks which expe
nearly all of units (a), (b), and (c). The Boyrf
Ranch Formation is exposed only on the wef
side of block 11 where it 1s unconformable oo
beds of unit (a) with angles as great as 3
Bedding in the Boyer Ranch Formation an
sub-Boyer Ranch rocks in block I is fuld{
about axes which plunge 35° to 50° to 1}
northwest. The axial surfaces are vertical ¢
inclined as much as 70° SW., :
The westernmost fold of block 11 is an ove
turned syncline in which the core is large
occupied by the Boyer Ranch Formatiog
Figure 4b shows a 7S, diagram for the Bo
Ranch Formation and for beds of units (a) 2.4
(b) which are apparently folded in the sr
syncline. The cylindrical axis which best €
the totality of poles plunges 39°, N. 32 W},
best fits for the Boyer Ranch poles and §
poles of units (a) and (b) obtained separate
however, are not coaxial. The difference §
orientation of the two axes, as well as the gread.
scatter of poles of the sub-Boyer Ranch rocy
than of thé Boyer Ranch Formation, may
explained by the existence of gentle foldsint§:
sub-Boyer Ranch rocks of block II whase ay

differed from those of the later, more appres§: -

fOldS. . H
In the northwestern corner of block }
bedding  attitudes indicate overturning
southwesterly directions, that is, opposite
the northeasterly overturning prevailing d4
where in block II. This area also contains mi§:
folds and widespread breccia, both of whi-
are rare clsewhere in block II. The ara
anomalous structure adjoins block 11T and}
just below the southward projection of 1§
thrust which bases block 1. The evidence i4
indicates reorientation of earlier structuresif
brecciation of lower plate rocks which w:
near the thrust that transported Boyer Ruf
Formation and gabbro of block IIL. Beds
attitudes in the area of reoriented struct.§
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were not used in the axis computation of
Figure 4b. '

Brock HI. Block 111 underlies the northern -

part of the type arca; 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 infcrred
contact. Block IlI contains quartz sandstone
of the Boyer Ranch Formation overlain by
facies of the Middle Jurassic igncous complex.
In block 1II, 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 rcoriented 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 Humboldr 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 east to west in that area. Gabbro 1n

block IIT of the type arca has a mean foliation |

dip of 607 to N. 60 E., thus agreeing roughly
with attitude of bedding in- the lower plate
rock of the northwestérn part of block 1I. A
southwesterly motion of the thrust plate of
block 1T is implied. o :

Unconformity. The Boyer Ranch Forma-
tion depositionally overlics dolomite of unit (a)
everywhere in blocks I and I, except at the
north end of block II where it contacts the
limestone of unit (a). The stratigraphic relief
in the sub-Boyer Ranch rocks at the uncon-
formity 1s 250 [t in block I and 750 [t in block
I1. The total variation in thickness of unit (a)
in the type area is about 1100 ft, assuming that
the base of unit (a) 1s correctly correlated in
blocks I and II. The maximum apparent topo-

" graphic relief on the unconformity is 250 ft.

Over horizontal intervals of 100 ft or less, the

" unconformity is irregular; the most common
channels at the top of the dolomite are about
5 ftr wide and 1 to 2 ft deep. :

In block I, 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
varies gradually over distances of hundreds of

vfect, thus suggesting that the sub-Boyer R:m:f

rocks were broadly warped, rather than sharpl
inflected, before deposition of the Bme
Ranch Formation. As discussed above, ther
is no evident discordance along the ncarly
horizontal trace of the unconformity in blo§
I though sub-Boyer Ranch beds could we
have different dips from the Boyer Randg
Formation in directions perpendicular to tid
trace. A conceptual model. of the type area a4
the beginning of Boyer Ranch deposition 1 4

mildly dissccted surface underlain by genti§i 6. Ssworigroph.
folded massive carbonate rocks. _

Conglomerate Member. The lower memlx { T
of the Boyer Ranch Formation in the type a4 \ & .
consists of carbonate-pebble conglomerate an! AN A
minor interbedded pebbly sandstone and hiomo N
geneous quartz sandstone. The range of cof Qo \ .
position and textures of the pebbles is such tla ' o ‘

“all the clasts could have been derived sok! /._fgf‘,i\ LT
from unit (a) of the subjacent section. TH \:1%?;—
ol

conglomerate matrix is quartz sand and carbvx
ate cement. The thickness of the lower memte
varies markedly; the maximum is 250 ft, b
along segments of the basal contact in b
blocks I and 11, the lower member is abse
and the upper member directly overlics st
Boyer Ranch rocks. Figure 5b shows the var
tion in thickness of the conglomerate memhg
exposed in the syncline of western block |
the range of thickness is 0 to 40 ft. Maxim
thickness occurs at the hinge of the synchy
and the member thins around the interval
large curvature. About 2 ft of conglomens
exist on the upright limb, whereas conglone g
ate is absent from the overturned limb, g} "
distribution indicates preferential accumulan :
of clasts along the hinge of the syacline. Supr i} .
posed on this smooth thickness variation s : N
irregularities due to filling of channels of 2 ¢4 { 2
feet in width on the dolomite surface,

In block I, the strike of the conglomen
member parallels the trend of the fold axisw
that varation of conglomerate thickness w
position in the syncline profile is unkoos phief v
Along strike, however, the conglomerate v
in thickness from 0 to 250 ft. Plate } and Fy
5a show that the basc of the conglomerate
ber in block 1 is far more irregular tha
upper contact with the quartz sandstone m weonformity in bloct:
ber. Variations in conglomerate thicknes s ey channels normal 1
direction parallel to the fold axis thus ax -.; alone a svaclinal
to topographic relief on.the surface of W 75 v - '
Triassic dolomite. The absence of the baaleag (15,14 iy the
glomerate along minor segments of the gty of ¢
in both blocks I and I indicates that depodig e’
of the conglomerate ceased before the ki

Figure 5. Large scale go
0 of lower member in bk..
sahet trace in block 1I.

! as completely s
fpplics that clasts of 1l
' were not transported |
#t adjacent arcas, but
dnved. We interprel

conglui
arbonate ro,
wet of the clasts ar al)

weare hight-, medium
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£ was completely submerged. This relation
‘amadies that clasts of the conglomerate member
and Fige® e not transported from persistent uplands
erate
ar than
Fxwaformity in block T as having been tribu-

ckness 1884 channels normal to a main trough which
1us are &

ace of ofh W

¢ basal co®} (L in the conglomerate member are en- -
the conta® 4 of carbonate rocks. Greater than 80 per- -

t deposts®@aof the clasts at all levels in the conglomer-
¢ the keie i fighe-, medium-, or dark-gray dolomite.

b4 dong a synclinal hinge that now trends

Fgure 5. Large scale gcoldgic maps of parts of type area of Boyer Ranch F(;rmation, (2) showing differentia-
of lower member in block Iand (b) showing variation of thickness of lower member with position relative to

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

The range of maximum dimension of carbonate clasts
m basal conglomerate of the Boyer Ranch Formation is
from }4 10 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 valuzs of about 4. Coarser fragments average about
5 and occasionally 6; very large boulders, however, are
less round than clasts of the I- to 6-in. range. Distinct
lateral or vertical trends in roundncss are absent. Clasts -
of length less than about 8 in. arc discoidally shaped,
whereas conrser particles are more spherical. Ratios of
maximum 1o minimum dimension of clasts are in the
range, 1 10 5; the average ratio in conglomerate beds
varies from 1 34 10 3, generally in inverse proportion o
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 focally
derived; morcover, it indicates that litide reworking
occurred near the site of deposition, )

The conglomerate member is layered by variations in

mean gratn size of clasts, size sorting, shape alignment,
and clast 1o matrix ratio, Submembers which are quasi
homogencous 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, whercas others thin measureably within
that distance. In particular, the coarsest boulder con-
glomerate in the lower member-forms a tongue which
wedges out 250 fi from the wall of the largest undulation
in the basal unconformity (Fig. 5a).

Size sorting of clasts varics greatly between submem-
bers. The sorting is best in'thin layers of small clasts and
is Jeast in thick layers of coarse particles, Some intervals
of coarse debris have himodal size distributions where the
cdifice is supporied by coarse clasts and the smaller clast
population is restricted 10 sizes which could it 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 th=se propertics 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 slighily poorer
sorting and alignment in the lower part.

Besides the preferred orientation of their shortest axes
normal to bedding (as defined by lithologic lavering),
the long axes of triaxial clasts are moderately well aligned
in the bedding plane. The vector mean of long directions
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 IF have a mean direction of N. 34° W.,
plus and minus 45° (95 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 alignmeat 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 homogeneous and pebbly
quartz sandstone. The pebbly sandstone con-
tains carbonate clasts of wide size and roundness
range indicating a continuum between quartz

RANCH FM., W. NEVADA

sandstone and clast-supported conglomerate.
Intermediate lithologies are simply mixtures of
end members, however, and the carbonate
clasts in pebbly sandstone are no more matute
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 limis
(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 cleat
ly locally derived and because quartz sandstone
is sparse in the underlying Triassic section, the
quartz sand must have arnved. from sounn
external to the local depositional system.

Good sorting and laterally continuous the
bedding in the dominantly finer grained con
glomerate units, pebbly sandstone, and quaru
sandstone in the lower member indicate proty
ble deposition in an aqueous medium. The ab
sence of current bedding, pebble imbrication
and channeling which might be expected wher;
conglomerate lies above sandstone, indicate §
fairly low-water-velocity environment. Tk
poorly sorted, massive, coarse-grained coc
glomerates, however, may have been deposig
subaerially or, on the other hand, if they wes
deposited in water, velocities may not ha
been sufficient to move clasts of this size on
they had fallen down local slopes to thy
present position. '

Though sorting mechanisms were ‘sufficia
to separate fine carbonate clasts of differn
mean grain size into planar beds a few indy
thick, it isdifficult to envision that the exisieng
of massive homogeneaus or pebbly sandsto
beds in the conglemerate member is due solg
to local sorting. The absence of size gradn
either vertically or laterally away from
trough wall among sand, granules, and peb
and the sporadically distcibuted carbons
clasts of variable size and angularity floas
in sand-supported rock suggest that ol
factors were operative in the origin of 8
sandstone interbeds. For example, the thic
segment of the conglomerate member in blo
I.(Fig. 5a) contains a 25-foot-thick interbed
quartz sandstone which extends without lith

" logic change across the exposure and o
abruptly against the wall of the channel th
filled by the lower member. The flux of carb
ate debris from the trough wall must haveb

.
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sually zero at the time of deposition of this
sanz sandstone interbed. More generally, the
wuibution of sandstone in the conglomerate
amber may be due at least partly to the ratio
dthe influxcs of the locally derived carbonate
s and foreign quartz sand. The pebble
tathus was variable but, of course, nothing is
«own of the steadiness of the quartz sand flux.
e supply of carbonate clasts was certainly
rpendent upon local topography, hence up-
2. If the local uplifts were created by anti-
fnf folds, the carbonate influx must have been
roportional to the rate of limb appression until
e amount of sand deposited was sufficient to
aer the anticlinal rises.

Quartz Sandstone Member. The upper
zember of the Boyer Ranch Formation con-
wis largely of quartz sandstone and. more
prxly of sandy limestone and dolomite. The
xmber i1s up to 150 fc thick in block I and
A ft in block IT; in both blocks, the top is
&ent. The base of the upper member is
pdational with the conglomerate member
ntr| 105 ft of pebbly sandstone. As mentioned

tove, quartz sand in the upper member is

=ually identical with that in quariz sand-
wne interbeds and in the matrix between
xbbles in the lower member, The boundary of
¥ two members thus appears to mark a cessa-
wn of the influx of carbonate fragments.
Xelateral vanability in thickness of the upper
amber is uncertain; lack of critical exposures
povents determination of - the variation of
dckness of quartz sandstone in syncline
wihile in blocks I and 1.

Bedding in the quartz sandstone is defined

n variations in sand/matrix ratio and by small
Linges in the mean size of the quartz sand.
ik most prominent beds are 1 to 8 in. thick,
»t many of these intervals contain subtle
sninations 0.1 in. thick. Bedding surfaces
s planar, and bed thicknesses are constant
serally over tens of feet. Ripple marks,
alined bedding, and other current features
seabsent. Further discussion of the petrology
4 the quartz sandstone is delerred to a later

«tion.
Sequence of Events. The lower member of
¢ Boyer Ranch Formation in the type area

zatains two co-deposited sets of clastic com--

yoents which evolved under highly different
chmentary regimes. One set comprises clasts

d arbonate rocks which were clearly derived |

Zam units now subjacent to the Boyer Ranch
foamation. Properties of the lithic parricles
abcate small transport distances and fittle
morking at the site of deposition. The second

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 velocities were-

sufficient to provide size sorting of clasts less
than an inch long, but which were not great
cnough 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 dernived
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 i

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 dépositionally overlies 100
to 150 fr 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 corrélative 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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Lach Formation of the type arca. As shown
lFlgUf(,’ 6, however, the quariz sandstone near
iat Canyon 1s overlain by deformed meta-
chmentary rocks consisting of intercalated
zestone, marble, and siltstone (argitlite and
snfels) in subunits from 200 to 300 ft thick.

L& age of the metasedimentary rocks was not
wermined faunally, but the lithologic similar-
nof these beds to Upper Norian strata of
2t (c) in the type area of the Boyer Ranch
“mation provides a strong correlation. Units
i (b), and (c) also crop out widcly in the
anity of Hovt Cunyon though their thick-
sws there are somewhat different from those
s the vicinity of the type area. The metased-
entary rocks are folded abour shallowly
iunging westerly axes. The base of the meta-
<lmentary section is discordant to the struc-
uts above it and must be a thrust which
umed during or after folding.

A breccia laver separates the thrust plate
am the quartz sandstone of the Boyer Ranch
‘amation. The upper part of the breccia con-
as only unstratified, unsorted angular frag-
snts of the upper plate rocks in a caleitic
atrix. Stratification improves down section in
¥ breccia, and the base of the breccia is
ndational with quurtz sandstone. The breccia
tisisincluded in the Bover Ranch Formation.
#qure 7 shows the llthologlc succession in the
4vt Canyon section.

The stratified breccia contains fragments of
herse lithologies. Most of the unit has a
tuctural  framework of angular clasts of
xusiltstone and limestone and marble tecto-
e which were clearly derived from the super-
xent thrust plate. The clasts are mildly size
eded, and their long dimensions are oriented
s the plane of stratification. The matrix con-
=ns rounded quartz sand grains and carbonate
ament and, at places, considerable pyrite.
Xntification within a few stratigraphic inter-
wls from 2 to 3 ft thick, is excellent due to
hitsize sorting. These intervals contain a
13;h percentage of quartz sand, and, at places,

§ ade laterally into beds of homogeneous cross-

rdded quarrz sandstone which occupy chan-
xls within the breccia. Clasts of metasedimen-
wyrocksare generally smaller and more round-
din the well-stratified intervals. Further,
e intervals contain from 1- to 2-in.-diaméter

xbbles of a well-indurated feldspathic (20 to

18 percent) sandstone which are considerably

“iter rounded than the co-deposited fragments

suice of the sandstone pebbles is the Upper

Boyer Ronch Formolion

{ metasiltstone and marble. The probable.

$lrusic Osobb Formation whose nearest’
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Uit b

Upper Triousic

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 Triassic 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 1is
supported by the greater rounding of the sand-
stone clasts than of clasts of less durable rocks
which were locally derived.

Strucrural 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 direétly 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 filling of the channels by
quartz sandstone suggests the influx of quartz
sand to the Boyer Ranch Formation was
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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
onginal deposition of the quartz sand and
thrusting were not widely separated in time.

Metamorphism of the Tnassic 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 Triassic
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 Cottanwood 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 erostonal 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 Cottonwood

Canyon block is thrust over Triassic slate, it

seems likely that the thrust fault must underlie
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-

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

face filled by conglomerate. The basal coo
glomerate of the Boyer Ranch Formation
Cottonwood Canyon has a maximum thickne
of 125 feet. Its granulometric attributes diffe
slightly from those of the conglomerate at ke
type area. The lowest ten feet contains coare
gramned (average 2 to 3-in. diameter) poorh
sorted dolomite cobbles ol considerably mon
spherical shape than elsewherc in the formatios
The interstices contain quartz sand and caliu
cement, and in several intervals in the con

'glomerale, the rock is a sand-supported str

ture with a few as 5 percent dolomite clam
The upper part of the conglomerate is mon
uniformly composed of finer {diameter averay
14 to | in.) angular carbonate clasts, 50 to 10
percent of which are dolomite. The pebble coe
tent is from 40 to 60 pescent of the rock whid
is generally a lower abundance than in ik
conglomerate at the type area. The conglom
erate is overlain by 25 ft of partly silicihe
laminated massive-weathering limestone. Tk
rest of the formation consists of about 275 {ta
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 tk
quartz sandstone is exposed and is conformabl
overlain by well-bedded basaltic tuffs and
lapilli tuffs of the mafic igneous complex. Tk
stratigraphic interval between quartz sandstox

in upper and lower Cottonwood Canyon r

occupied by at least several thoumnd feet d
gabbro.

Northwestern Stillwater Range. In tk
northwestern Stillwater Range (Fig. 2), rod
subjacent to the Boyer Ranch Formation ad
Triassic slaty silistone and shale, and mox
sparsely, Lower Jurassic beds at least as your]
as Sinemurian which are co-deformed with th
Triassic rocks. At Red Hill, the Boyer Ran
Formation and overlying gabbro are thr:
over Triassic rocks. The stratigraphy of 14
Boyer Ranch Formation is uncertain owing
folding, but dolomite conglomerate - includd
in the upper plate suggests the prior existenq]
of basal conglomerate like that at the typeam
Quartz sandstone at Red Hill is the coars:
(up to 0.3 mm. mean size) in the Boyer Ran
Formation. South of Red Hill, for 114 mik
sporadic patches of quartz sandstone of 1l
Boyer Ranch Formation are remnants of ik
roof of the igneous complex.

At Cornish Canyon (Fig. 2), an 1solated bod:
of Boyer Ranch Formation occurs in the co:
of a nearly recumbent macroscopic synformu
Triassic slate. The fold is interpreted by.it

prallelism of the co
sbove and bclow the |
with slaty cleavage an
woclines in the Triassi
o the Boyer Ranch |-
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kmestone which is loc
and carbonate-pebble ¢
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anllclism of the contact of Triassic rocks
#ove and below the Boyer Ranch Formation
uth slaty cleavage and axial surfaces of minor
alines in the Triassic rocks. The lithic units
¢ the Boyer Ranch Formation here are fine-
mined quartz sandstone, laminated sandy
mestone which is locally a limestone breccia,
od carbonate-pebble conglomerate with quartz
wd matrix much like that of the lower mem-

{the Boyer Ranch Formation largely parallels
% contact with Triassic slate, and the forma-
xn has sparsc minor folds which are coaxial
ith folds in the slate. The contact is most
ikdy a folded angular unconformity. Provided
% contact 1s correctly interpreted as being
kpositional, the Boyer Ranch Formation at
{omish Canyon was deposited after uplift,
Ssection, and removal of Lower Jurassic rocks
rd probably, a significant thickness of Triassic
wcks, but before intense folding. This sequence
devents is similar to that at the type area, and
4 places a maximum age of Sinemurian on the
ime of deposition of the Boyer Ranch Forma-
2on. As suggested earlier, the Lower Jurassic
ection in the Pershing mining district, 10 miles
wst of Cornish Canyon, contains rocks as
mung as Toarcian which appear to be co-
kformed with units I and 1II of Figure 2.
%y extrapolation of this age to the west Sull-
witer area, the maximum age for the Boyer
Ranch Formation would be Toarcian.

About four miles southwest of Cornish
Canyon, an extensive block of homoclinal
Bover Ranch Formation lies with nearly planar
antact above tightly folded and thrust-faulted
Upper Triassic and Lower Jurassic rocks; in
wntrast to the structure at Cornish Canyon,
e Boyer Ranch Formation here has not
priicipated in the strong deformation which
pervades subjacent rocks. Figure 3 shows a
sratigraphic section in this block at location 1,
Figure 2. The lowest unit here is massive locally

between a few feet and 100 fe. Much of the
kmestone is monolithologic breccia of probable
rclonic _origin; together with the variable
thickness of the limestone, the breccia suggests
that the basal contact is a thrust fault, in agree-
ment with the interpretation of Page (1965).

Locally, the massive limestone is overlain
by laminated quartz sand-bearing limestone
ud limestone conglomerate with quartz sand
matrix. The stratigraphic sequence of the basal
units in the northwestern Stillwater belt is
different from that at Cottonwood. Canyon 5
miles east (Fig. 3). The carbonate conglomerate
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differs from that of the type arca 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 in. .

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 where gabbro is absent, the
Boyer Ranch Formation is infolded with
Trassic 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 f{t of basal limestone with ¥4 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-
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faces with probable stcep 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 Dixic Mecadow, 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 lic over the quartz sandstone consist
of flows and interlayered, bedded fine-grained
breccia and tufl. 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., 1963) 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 I and IIT 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

- Asat Mississippi Canyon, the contact-of quarty

Triassic and Lower Jurassic siltstone and lime
stonc and is overlain by gabbro (Page, 1965;
Young, 1963; Willden and Speed, in pres).
Conglomerate and limestone are absent [rom
this occurrence of the Boyer Ranch Formation,
although massive limestone in klippen whic
lie between White Cloud Canyon and th
quartz sandstone exposures is probably Boyer
Ranch limestone. The quartz sandstone body s
as thick as 300 ft, but bedding is absent, amd
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 recrystallizd
matrix is albite-talc-chlorite-calcite. Though
clearly metamorphosed, the range of origina
quartz grain sizes here appears similar to thos
clsewhere in the formation.

From the Jocality 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 gencrally similar to that at Mississipp
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 thes
exposures are judged to be similar to thos
properties of quartz sandstone of the type area,
Boyer Ranch facies other than quartz sand:
stone have not been identified in this segment.

sandstone and volcanic rocks is conformable,
channeling is absent, and the two umts are
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 keratophyre
section are many intervals of well-stratified
volcanic sandstone and siltstone which contain
clasts of keratophyre, feldspar grains, and
variable quantities of well-sorted quartz sand.
Conformably overlying the keratophyric rocks
are up_to 1500 ft of basaltic lava, tuff breccia,
and volcanic sedimentary rocks in which quartz
sand is rare, ’

Most of the quartz sand in the basal volcanic
sedimentary rocks is in low concentration. It
generally constitutes from 10 to 50 percent of
the coarse laminations in association with lithic
fragments, but it is absent from layers of silt
and finer sized material. The lithic grains are
mildly rounded and sorted and in apparent
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tdraulic equilibrium with the quartz sand.
The relations suggest reworking and deposition
d voleanic materials at the surface after each
ntrusion and addition of quartz sand from
m outside source. An extreme of quartz sand
ncentration is a bed of homogencous quartz-
#c,as thick as four {t, which isintercalated with
vdleanic sedimentary rocks a mile southeast of
de Buena Vista Mine (Nickle, 1968). The
jurtzite is now rather silicificd, but relict
qartz grains and bedding are resolvable. The
byer can be traced laterally over at least a few
tundred feet.

The bedding in the quartz-sand-bearing
wicanic sedimentary rocks indicates they were
&posited in a body of standing water rather
than in a fluvial environment. The attainment
d hydraulic equilibrium by the quartz and
fthic components indicates some degree of
nal working and sorting under quiet condi-
wons at the site of deposition. It is thus not
dar whether quartz sand was still being
wpplicd by a source external to the system or
shether sand in the volcanic sedimentary rocks
vsreworked from the top of the Boyer Ranch
Formation which may have been exposed else-
shere. As at Mississippi Canyon, however, the
shence of channeliing in the top of the Boyer
Ranch Formation and the lack of discordance
at the contact suggest that no significant time

aterval occurred between the deposition of the

™o units.

Petrology of the Sandstones

Mineral Assemblages. About 120 specimens
o sandstone and conglomerate of the Boyer
Ranch Formation have been examined in thin
rction and by X-ray diflractometry. The areal
and stratigraphic variability of the sandstones,
bowever, has not been quantitatively inves-
tgated because of the widespread deformation
ind metamorphism. Ratlier, petrologic studies
bive been concentrated principally on spec-
imens from the type area where the rocks have
wdergone  minimal postdiagenetic changes.
Table 2 contains the data on mineral assem-
tages and granulometry from 23 specimens of
Boyer Ranch Formation together with 6
sccimens of Navajo Sandstone which we
uclude 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
tbe Boyer Ranch Formation varies from about 40 to 75
rreent. Of the sand population, quartz-is at least 95
jereent, and commonly 99 percent, regardless of sand/
eutrix ratio. The most frequent sand abundance is esti-

mated to be from 65 to 70 percent. Microcline and
plagioclase sand are generally a perceént or less of total
rock and have maximum abundance of about 3 percent.
Up to 3 percent sand particles of chert and shale occar
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 varies 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 arc not self-sup-
porting. Sand-sized particles of fine-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-
continuities 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 deiected. 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
homogeneous 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 are estimates based on both micro-

. scope counts and X-ray intensity; the latter would detect

TapLe 1. Cuemicar CowmposiTions (wr. %)) op
QuarTz ARENITE AND METAMORPHOSED QUARTZ
SaxpsToNEs FROM THeE Bover RancH FormaTion

140 2 O]
Si0, 68.26 67.83
AlLOs 1.88 10.40
FC-,VO; o 037 020
FeO . 0.13 0.28
MgO 0.27 13.31
Ca0 ’ . 15.08 1.12
Na;O : 0.05 3.38
K,0 0.1t © 1023
H,O+ : T 073 1.07
H.O- ~ - 118 0.68
TiO, . 0.06 0.40
MnO 0.02 nil
P.O; . 0.06 ) 0.20
CO; 1L.79 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 1; 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
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i Sandy Limestanc: about 207 shale particles and undetermined 9, carhonate sand: matrix entirely dolomite and ealcite
' 301 aw B~ 08 2N qud 08 . shich locally merges with earbonate sund owing 1o partiat reerystaliization; quartz sand mosily concentrated in grain
) H ! supported layers, by same foating sand.
P } 3.2 et 008 27 462 1.8 SED 30 chert amd opaguce sand, a few shale pariicles: dolomite coment 419, kaolinite 8%,
kx.u su By 000 295 715 25 740 Culdite cemen 2077, 14 A clay 607
;ux, AL 4 o6l 3810558 02 590 Opaque sand 35 calcie coment 307, kaolinite 109, )
’! 23! en om 247 30 65.0 20z chiert sand: calcite cement 3, kadlinite 697; trace very fine 10 X micain matrix, prolably metamorphic; car-
\ bonate-quarntz. sl reaction, .
£33) om B 0y 356 o4 N2 615 Caleite aml dolomite cement 295, kaolinite 105, N
0 l 351 & s 088 295 . 580 Few shale pacticles: dolomite cement 376¢, kaolinite 5%,
3 .
» el Fa 047 316 400 03 . Microbriecia of dobimite clasis with interstitial quaniz sand and dolomite eement; about 367 kaolinite.
! 65 frt 002 6t 720 720 Marrix entirely mictoceystalline quartz which has apparently replaced previous matrix; clear size break between sand
4 . and matrin quanz: vo reerystallization of sand.
.5 359 s@ Fovo 03 31 2 07 419 Sandy lieedone: chent and opaque sand 205: sand largely floating in calcite and dolomite intesgrowth with about
< N 1275 unifarmly distributed kaoliite.
.6 10,351 e» &3 035 339 400 17 477 mateis targely kaolinite, no carbonae: traces of very fine-grained mica; pastial silicification of matrix;
\ : quanz clay ratio is constant through specimen; sand fluating.
KR TR THAR 3 B X1 #2) . Delamite coment 2207 and mica abour 56
3342 en §o 031 3330 633 27 670 Opague sand 19 chlorite, mica, and graphitic (%) material 33%,.
3 " .
§2.50 eo B 02 227 730 .. 730 Caleite coment 1577, chlorite 957
i ) .
frrs am Mo 052233 6o .. 670 Few hithic (shale) sand grains; dolomite coment ~ 3007, locally replaced by silica; few §7 very fine-grained mica and
i N I3 o 10C 7o very 8
! rite.
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1257 4F v 019 152 260 .. 280  cement is coarse dolomite; locat silicification of dolomite clasts and matrix but little reaction of carbonate aml quartz
N : sand. .
' ¢
0.4 {31 ex . Specimens from type area located
P33 At B 1.5- 743 Kaolinite, monmmorillonite, mica, dolomite by number on Plate 1.
[ LRI 1Y . : t € = percentage by number,
| r = roundness on scale of 10
{249 am . in Keumbicin and Sloss (1963),
126} 12 .10 2 685 2.1 706  Kadlinite f = cquivalent weight € from number
1270 Aam o 0l 2 frequency by transfurmation of
‘ : - Friedman (1958),
33 1.2 35t 48 Jey w = weight percentage by screen
1.7 02 38} L& B 5 480 Kaolinite, monumorillonite, dolomite . analysis, -
356 ¢ B a @ = —Inxd where d is long
! ’ dimension in mm. .
:3.0) eC @ 004 320 : Fquations uscd in moment calculations
P32 e B 003 3347 655 L1 666 Monnwrillonite, kaolinite, mica | (mcan) Y = 1073 X8 f;
203 A S -0 345 =1 _
] i 2 {std. deviation) 5 = (1072 T f4(Y; - y):lllz_
10 sefa T
]2“’9 S 55.6 7.2 68 3 (skewness) ay = 1072 T4y - Y)3/A,
(277 sx Qe . -t —
3 4 (kurtosis) o = 1072 22 f(Y; = V)44,
308 s @ w - = -
120 s ¥ e 619 62 681 where fi = G5 of sample in ith size class interval,
3w eplge = mudpeint of ith size class interval,
3 o= 1,23, ., kfor classes.
Ll § Lithology is quartz sandstone éxcept where noted.
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2576 SPEED AND JONES—BOYER RANCII FM., W. NEVADA

visually irresolvable cliy disscininated in carbonate
cement.

Table 1 gives a chemical analysis of quariz arenite
Irom the type area (Fable 2). The mineral assemblage of
this specimen is quariz-calcite-kaolinite. Recaleulating
the chemical analysis on the basis of ideal compositions
of the modal mincrals and eliminating components in
small abundance (FeQ, Fe;Q, 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 pereent quartz -+ chert sand and 30

percent calcite from thin section count,

The abundance of kaolinite in largely unaltered sand-
stones from the type arca is mostly 5 to 10 percent and
almost entirely in the range 0 to 15 percent. Specimen 11
from block M, however, is anomalous in containing
about 50 pereent kaolinite; the guartz grains are uni-
formly distributed in clay, and the rock is clearly a non-
sand supported quartz wacke. I2ven though kaolinite is
the predominant mincral in specimen 11, a large grain-
size discontinuity exists between clay particles and the
smallest sand grains.

At most localitics other than the type area, rocks of
the Boyer Ranch Formation have undergone post-
diagenctic changes due 1o 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 slighly altered the primary sand-size
distribution.

Apart from ostensibly isochemical recrystallization
by redistribution of quartz, metasomatism of the ground-
mass 1s widespread in the Bover Ranch Formation. The
degree of chemical change is roughly proportional to

proximity to contacits with the gabbroic complex. The
.- most frequent mincral assemblage in metasomatized

rocks is quartz-1alc-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. Tale-chlorite-albite occur as extremely
fine intergrowths in the quariz sandstone matrix where
they have replaced kaolinite and carbonate. Moreover,
the ragged edges of somc 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. Mctasomatic 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 quariz sand grains.

In summary, silicate sand in both sandstone
and conglomerate of the Boyer Ranch Forma-
tion i1s almost entirely quartz; feldspar and
chert are notably sparse. Rare shale fragmentsin
sandstones corroborate the evidence supplied

-carbonate-rich layers. The majority of und

by co-deposition of carbonate clasts and qu-
sand in the conglomerate that quartz sand »
not matured in the local environment
which the lithic components were derived. Th
majority of sandstones are grain supported,
in rocks with total sand content below aha
55 percent, the silicate grains arc cit
uniformly distributed throughout a structw
framework of carbonate or clay, or both,
more rarely, the quartz sand is concentrated
laminations which alternate with clay

stones thus is homogeneous calcarcous quar:
arenite, but minor variants exist in the fid:
of quartz wacke and sandy limestone. The dn:
of Table 2 indicate that the mean grain sizes
the variants are among the finest of the form
tion. ‘
The original amount of carbonate sand

indistinguishable {rom the matrix in rocks calk
sandy limestone is uncertain. The occurren

sah like those of the Boyer R
sycrlics of the distributions are ;
wexnts 1 10 4 (1 = mean prai
pwtion, 3 = skewness, and 4

wet employed are in the explana
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1. The number of grains difler:
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:1938). Moments 1 to 4 for both
guributions of these specimen:
wm size of the screen distribu
eac lics between 0.08 and 0.16 ¢
#¢ mean grain sizes of Navajo
Lersch (1950), Gregory (3195

of occasional definable carbonate sand grainsiga, specimens thus are fine-grais

these rocks and-of pebbly quartz calcarenite o siadard deviations of screen o

the conglomerate member of the Boyer Rani,
Formation suggests that sandy limestone ma:
have been grain-supported quartz-carbons
sandstones. , )
The existence of quartz wacke indicates th:
at Jeast locally kaolinite was a clastic compone:
co-deposited with quartz sand. Though quar
sand in quartz wacke is very finc-grained, it o
as well sorted as sands in coarser quartz arenitc
There is no evidence that the quartz sand [
tion occurring with abundant clay is any ky
mature than sand with sparse clay. It wou
appear that a low-velocity environment wy
able to transfer a finer quartz fraction to pla
where mud was depositing. The source of i
kaolinite is puzzling because subjacent Trias]
pelites are illite-quartz-chlorite rocks.
Granulometry. Grain size and roundn
distributions of quartz sand in various sampl:
of the Boyer Ranch Formation are given 4

Table 2, ) :

Because the sandstones are highly indurated, A
distributions were obtained by measuring long dims
sions () in thin section; number frequency of size grad!
inintervalsof¢ /4 where¢ = —log. d(mm) are compiled
Table 2. The number of points counted was 300 to$i
Granulometric properties of sandstones are usually o
culated from mass frequencies of size grades as dae
mined by screen analysis, and screen and microxo;
distributions are not directly comparable. We atten;
to provide a qualitative calibration of size data from ¢4
Boyer Ranch Formation by assessing the differencea
values of various parameters obtained by microscope a2
screen analyses for six specimens of Navajo Sandsto
which contain sands whose granulometric attributes 1

sadstones in Table 2 are in 1k
«arding to the sorting classii:
wry fine-grained sandstonces of |
olucs indicate the specimens
waly well sorted. Moreover, th

exge of 0.35¢ to 0.80¢ that Fris
chind dunes, the environment =
wes for deposition of much o
$x example, Gregory, 1950:

%3),
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figure 8b is an enlargement ol
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w the uncertainty in mean value is not a constant.
« ihxence of roundness data for some specimens in
¢ 2 indicates 1hat the roundness distribution was
: Santly changed by postdepositional reactions.

i1 specimens of Navajo Sandstone obrained -from
zions given in Table 2 were screened acconding (o
alures recommended by Krumbein and Pettijohn
4. Moments 1 10 4 for both microscope and screen
sbutions of these specimens are in Table 2. The
u size of the screen distributions of Navajo Sand-
«¢ lies between 0.08 and 0.16 mm; this range includes
v mean grain sizes of Navajo Sandstone studied by

wspecimens thus are fine-grained quartz arenites. The
=dird deviations of screen distributions of Navajo
jStones in Table 2 are in the range 0.38¢ to 0.77¢;
bxding 10 the sorting classification for medium- to
- fine-grained sandstones of Friedman (1962a), these
cesindicate the specimens are well sorted 1o moder-
o well sorted. Moreover, they fall within the sorting
v of 0.35¢ 10 0.80¢ that Friedman (1962a) found for
bl dunes, the eavironment ascribed by most authori-
A fur deposition of much of the Navajo Sandstone
x cample, Gregory, 1950; Kiersch, 1950; Stokes,
LN

Caligan (1961) gave percentile values (2, 5, 16, 50,

b 55, 98) for size distributions of various sands from

bzoic formations of the Colorado plateau. We have

«:lited moments 1 and 2 for plots of Cadigan’s data
b xobability paper using equations in Table 2. Figure

dows plots of .mean versus standard deviation for

heikes together with our six Navajo Sandstone samples.
"¢ Navajo Sandstone data cluster closely and show that
« Navajo sands are the best sorted of those measured.
fare 8b is an enlargement of the area in Figure 8a oc-
sxd by the Navajo Sandstone points; it shows further

: oints for mean rersus standard deviation as obtained

=icroscope analvsis of our Navajo Sandstone samples.
"¢ microscope values lie within 0.2 to 0.3¢ units of

aalent screen values, and most of the screen values
= dightly coarser grained and better sorted than the
Ecroscope ones. The comparison in Figure 8b indicates

w2 the difference is small for values of first and second
ments calculated from size distributions based on
as and number frequencies for sands of the Navajo
=

Wempts were made to improve the correspondence

¢ oments calculated for the two distributions by use
{eapirical hinear transformations of Friedman (1958,

wb). Microscope sizes (x) were converted to equiva-

t sicve sizes (y) with the rclation y= 0.9027 »

815, and moments of the converted distribution weré
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caleulated,  Alternatively, regression equations for
moments | and 2 between microscope and sieve analyses
obtained by Fricdman (1962b) with corrclation coeffi-
cients of 0.99 and 0.79, respectively, were employed to
transform our number frequency moments to equivalent
mass {requency moments. Figure 8b shows that-ncither
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 onc has a small ncgative skewness. The

- skewness values lie almost within Friedman's (1961) .

allowable range for dune sand (2> -0.28). The average
deviation of skewness of the microscope distribution
from that of the screen distribution is 0.21, and the
maximum deviation is 0,55, Figore 9 shows the plot of

“skewness cersus mean for our Navajo samples for buth

sereen and microscope distribution, The two point sets
are nearly coextensive and lic i a ekl which Friedman
(1961) showed 10 be occupicd at least in large part by
dune sands,

In summary, values for moments 1, 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 > y (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, 0.49 < s(¢) <
0.79 except for one value of 0.93. Application
of Friedman’s (1958, 1962b) conversions from
microécopc 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 versus 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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soments 1 and 2 of Navajo and Boyer
«h sands obtained by microscope analysis
ates that the distributions must be similar
ast in the central regions. The correspon-
e would suggest further that the deviation
wen number and mass distribution mo-
1s for the Boyer Ranch sands should be
, like that of the Navajo sands. Thus,

&aents from different data under such con-
‘ats can be qualitatively compared, at least

¢ first approximation. The values of s in
‘e 2 suggest that the Boyer Ranch sands
moderately well sorted according to the
ification of Friedman (1962a).

tewness values of the microscope distri-

#ons of the Boyer Ranch Formation are
-galy small and positive; the maximum is

. Four negative skewness values are in
e 2, but three of them are > —0.1 and are
aually normal. The specimen with skewness
:~0.55 is distinguished by being far more
mmorphosed than others; its matrix” is
opletely replaced by talc-chlorite-albite, and
mial replacement of sand grains is strongly
gect. Ostensibly, the fine quartz particles
ald likely have been replaced completely
th that the metamorphism may have pro-
wed increasingly negatively skewed distri-
rions.

figure 9 indicates that points of mean versus

{evness for samples of the Boyer Ranch

zmation and the Navajo Sandstone occupy
mlar fields. The closeness of the screen and
wroscope values for the Navajo sands in
Fure 9 suggests that the field of microscope
tues for the Boyer Ranch Formation may well
sproximate that representing screen analyses.
e correspondence of Boyer Ranch and Nava-
esands in Figures 8b and 9 indicate that the
alyzed sand distributions are similar in both
3 central regions and the tails.

A final granulometric measure to be discussed
s the roundness distribution of the Boyer
tinch sands which are in Table 2. The round-
rss value of both Boyer Ranch and Navajo
inds were estimated by the same operator by
amparison with charts of Krumbein and Sloss
1963). The roundness values are averages for
muns 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 Formaton
is at east as mature as the Navajo Sandstone
which, in turn, is among the most matare of
the sandstones of the Colorado Platcau. The
simifarity of the size distributions (Figs. 8 and
9) of the samples of the two formations suggest,
morcover, that the sands of the Boyer Ranch
Formation and Navajo Sandstonc matured
under similar palcocnvironments since differ-
ences in the distribution moments are believed
1o reflect differences in the dynamic conditions
under which sands approach equilibsium
(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 themsclves 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 thin 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.

—

;’—~ha

8 a0
orz) 004y,

Figure 8. Plots of first (mean grain sizc) and second central (standard deviation of sorting coefficient) mo-
aents for size distributions of Navajo and other Colorado Plateau sands and Boyer Ranch Formation. (a) Moments
dkculated 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-
wope-to-screen transformations of Friedman (1958, 1962) for Navajo Sandstone samples; lines tie points for each

umple; compare with ficld of points from microscope analyses of Boyer Ranch Formation.
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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,
Kicrsch, 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 possibilitiesare that the Boyer
Ranch sand either was largely transported from
a Jurassic dunc field to the site of deposition or
was derived from an older sandstone which is a
dune accumulate. T

In the following: paragraphs, we attempt. to
outline a conceptual model of events leading
to the present nature of the Boyer Ranch
Formauon. The youngest rocks in the terrane
which undeslies 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

" a distant source which also yielded the sandsi

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

to have been littered with coarse debris w vhably the Navajo
underlain by massive carbonate rocks and §g3vc action at the sho
have been overlain at least locally by conedy, furither westward 1
trations of quartz sand. Continued fold ' '
produced synclinal downwarps of suffic
amplitude to invite the sea which lay to @elian saltation. When
west to re-invade part of its former basin. (yarps of sufficient w
the seaward half of the transgressed zone, kfp.invasion of the scu
algal limestone was deposited, whereas in Wia units 1 and 111, 1
shoreward part where underlying rocks devict water in whic!
massive carbonate, coarse debris collec ?}‘,t absence of siro
principally along trough hinges. Quartz sfyroughs and the proi
sllowed easy migratio

sands thus reman
oatinued  subacrial

accumulated concomitantly with the peb
in the shoreward zone, but was not depost dope in the troughs t
on the seaward side until the limestone de
tion was near completion. The stratigrap!
of the Boyer Ranch Formation, however, t
dicates that the sand must have continued § .
be supplied from sources outside the Bode yioan. R. A., 1901,
Ranch basin during its deposition. It is'em B :
sioned that to the west, farther offshore, th rado Plateau scdii,
partially recanfgured, and perhaps constricled v. 69, p. 121-145.
marine basin was the site of precipitation §Convalan, J. I., 196..
gypsum and limestone. , raphy of the Wew

The Boyer Ranch basin was then the locud ~ Nevada: “”J“.‘}" !
invasion of basaltic magma which intruded M”“fo;g’ gl]';‘)" '
Boyer Ranch deposits and extruded over th F“gusé‘rl" eoloay of (l‘
The intrusion grew by pushing the Boy :]l:;dr}?xnglci;: N
Ranch Formation and volcanic rocks lateralf Paper 216, 55 p.
out toward the basin flanks. Concurrently, u Folk, R. L., 1966,
Mesozoic rocks (unit 1 and 1) subjacent ters: Sedimentok
the Boyer Ranch Formation were continuii§ Fiedman, G. M., |
to fold about cast-west axes and to ride no size distribution
over older and' partly contemporaneous Mes sedimentary o
zoic facies of shelf alinities (unit IT). The enti ul%)gy, v. 66, p.
Mesozoic terrane of the Dixie Valley regid ~ !)'61{ D';_“F}“'
was later folded with a northerly axial traced fver 2':; 5],:‘):.:]‘
Middle Jurassic or later rime. -‘_—](‘)‘31521 ‘ On soie

The Boyer Ranch Formation thus records the 10;;"mm;.li|
coincidence of tectonic basining and influx o

gravitational equilibiy

grain-size distribn.

of sandstones: Je. |
mature quartz sand, a sediment usually &§ — 1962b, Comp.n
posited under conditions of high tectox sieving :}nd thi:
stability. It is possible these co-events we petrological st
fortuitous, but we propose that instability w8 32, p. IS“?): .
instrumental in the deposition of quartz sn§ = '19(’7"1_)) ';l‘]':'i'l'
of the Boyer Ranch Formation. Briefly, wee z?::;m;;b gc:\c]hl
vision a field of quartz sand dunes confinc Petrology, v. 3
east of the generally regressive Mesozoic sho Gregory, H. E., 19
line at least in Late Norian and Early Juras the Zion Parl. .
time. The dune field may have been compo U.S. Geol. Sui- -
exclusively of sand generated by wave acti Hart, S. R., 1966, ¢
in the vicinity of the shoreline. Alternativeh determination .
the dunes may have largely contained transics Vrans., v. 47, |

ki H y H Howarth, M. K., I
sands which migrated along the shoreline fro Soc. London (

-Kiersch, G. A, I'

synchronops deposits in the eastern Cordille other features.

[
|
|
i
|




th coarse.debris

ab Navajo Sa .
irbonate rocks ang ly the Navajo Sandstone. The strong

zaction at the shoreline produced a barrier
nther westward movement of the sands.
ands thus remained unlithified owing to
-nued  subaerial exposure and probable
asaltation. When irregular tectonic down-
~ of sufficient amplitude to invite local
wvasion of the sea from the west developed
aits 1 and I11, the sands found sinks of
twater in which they became trapped.
absence of strong wave action in the
dhs and the probable irregular shoreline
cd easy migration of sand particles down-
vin the troughs to a position of maximum
atational equilibrium. The principal activa-

‘OwVarps of sufficr
sca which lay 1o
1ts former basip,
ansgressed zone,
sited, whereas i ;
anderlying rocks
rse debris  coller
hmgcs. Quartz u
Uy with the pebla
Ut was not depow:
the limestone de
n. :I‘hc stratigra
mation, however,
st have continued
s outside the B
cposition. It is e
farther offshore,
perhaps constricie
» ob precipitation

ian, R. A., 1961, Geologic interpretation of
gain-size distribution measurcments of Colo-
ndo Plateau sedimentary rocks: Jour. Geology,
.69, p. 121-145.

din, J. I., 1962, Eary Mesozoic biostratig-
nphy of the Westgate area, Churchiil County,
Nevada: unpub. Ph.D. thesis, Stanford Univ.,
Stanford, Cakifornia.” '

son, H. G., and Muller, S. W, 1949, Struc-
wnl geology of the Hawthorne and Tomapah

was then the Jocys
which intruded
extruded over 1

pushing the Bo
canic rocks laterah
5 Concurrcmly, e
d 1) subjaccne
on were continy;

s and to ride nmi

Paper 216, 55 p.

R. L., 1966, A review of grain-size parame-

ters: Sedimentology, v. 6, p. 73-95.

an, G. M., 1958, Dectermination of sieve-
sze distribution from thin scction data for
sadimentary  petrological studies: Jour. Ge-
dlogv, v. 66, p. 394-416.

~ 1961, Distinction between dune, beach, and
nver sands from their textural characteristics:
Jour. Sed. Petrology, v. 31, p. 514-529.

~ 19622, On sorung, sorting cocflicients, and

the lognormality of the grain size distribution

of sandstones: Jour. Geology, v. 70, p. 737-753.
1962b, Comparison of moment mecasures for

geving and thin section data in sedimentary

x_tion thus records
ining and influx
liment usually de
of high tectony
'S€ Co-events wen
hat instability wa
1on of quartz und
on. Briefl Y, Weea
id dunes ‘confined
ve Mesozoic shom
and Early Juras
ve been compumed §

by wave actiog
ne. A]rernali\'ch,:
ontained transieng’
the shoreline frug
clded the sands v}
‘astern Cordillen i

32, p. 15-25. _

—1967, Dynamic processes and statistical pa-
nricters compared for size frequency distribu-
tion of beach and river sands: Jour. Sed.
Petrology, v. 37, p. 327-354.

wgory, H. E., 1930, Geology and geography of
the Zion Park Region, Utah and Arizona:
US. Geol. Survey Prof. Paper 220, 200 p.

In,S. R., 1966, Current status of radicactive age
determination methods: Am. Geophys. Union
Trans., v. 47, p. 280-286.

Soc. London Quart. Jour., v. 120s, p. 203-207.
Grsch, G. A, 1950, Small-scale structures and

qudrangles, Nevada: U.S. Geol. Survey Prof. .

petrological studics: Jour. Sed. Petrology, v..

Emarth, M. K., 1964, The Jurassic period: Geol.-

other features of Navajo sandstone, northern

REFERENCES CITED 2583

tion for motion of particles may have been tidal
oscillations. West of the area of deposition of

the Boyer Ranch Formation, positions may -

have been too far offshore to have received
much sand, and it is here that we envision the
concurrent precipitation of gypsum and lime--
stone. The Mesozoic terrane (unit 1) north
and cast of the Boyer Ranch Formation outcrop
area did not apparently undergo carly folding
contemporaneous with that in the terrane sub-
jacent to the Boyer Formation. Sinks for sand
were thus absent from terrane of unit II, and
the postulated superjacent dune ficld remained
subaerial and unlithified.
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