
'.•\NIA 

Folding and fracturin; A . I H K R T C . SPEED 
McGraw-Hill Book U 

6aLO A '6W^ 

niOMAS A. JONES 
\ Department of Geology, Norlhweslern University, Evanston, Illinois 60201 

aids and faults of the,^j^i 
Ridge province: Kcniixi 
. Pub., no. 1, p. i50-lM. 
icgcology of Pcnnsylvara 
Survey, (1st). V, 2, mSf 
Structural geology: .\f» 

I Hook Co., 552 p. 
ss, L. E., 1963, Struciu.-! 
pliic tcctonites: New Yort 
Co., 315 p. 

•• T. , and Heard, H., IVV; 
mation of calcite cr\siii. 

But!., V. 65, p. 883-9K 
Principles of North Ainti, 
;cology: U.S. Geol. Sun 
4-1895), pt. 1, p. 57I-«; 
'66, Structural geology 
go, Rand McNally u Cc. 

iynorogenic Quartz Sandstone in the Jurassic Mobile 

Belt of Western Nevada: Boyer Ranch Formation 

nics of Appalachian strut 
•vey Ann. Kept. 13 (1891 
-281. 

ABSTRACT 

llic province of Lower Mesozoic layered rocks 
• western Nevada contains a diversity of marine 
iibiilogies whose deposition continued locally as 
lie as Middle Jurassic time. At places in the 
•̂ftrtincc, mature quartz sandstone constitutes all 

<part of the highest stratigraphic units in sections 
1 non-volcanic rocks and is believed to record the 
u deposition of terrigenous sediments before 
;«nplcte effacement of the marine basin by wide-
(̂r.id orogeny. The sandstone was deposited early 

c ihc erogenic episode and at least locally in 
•.Tjuj;hs Created by folding of subjacent rocks. The 
i.ids are anomalously mature with respect to 
.aiicposiied clastic components and to coarse 
iirilal materials in nearly all earlier Mesozoic 
.-tks of the province. The problems are the source 
:f ilie quartz sand and the reasons the sand was 
iposited synorogenically. 

llie name, Boyer Ranch Formation, is formally 
,-ro|X)sed for a lithosome of homogeneous Jurassic 
;iurtz sandstone and basal conglomerate and lime-
.!oiic in the Dixie Valley region which is approxi-
--ulfly in the northern third of the outcrop area 
:f Jurassic quartz sandstone in western Nevada. 
I1ic Boyer Ranch Formation contains up to 500 ft 
.̂ [s:indstone, largely fine-grained calcareous quartz 
iifnite, whose granulometric properties suggest 

colian 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 orogen)', 
the sands remained unlithificd, probably owing to 
eolian saltation, and followed a generally westerly 
regression of the shoreline. Postulated strong wave 
action prevented seaward movement of the sand. 
The late Early Jurassic or Middle Jurassic (or both) 
orogeny created local troughs which the sea re-
invaded and i^rovided an irregularly configured and 
low-energy shoreline environment such that move­
ment of the sand into the water was no longer 
impeded. 

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

INTRODUCTION 

The region of western Nevada shown in 
Figure I contains the southeastern portion of a 
broad province of lower Mesozoic rocks whose 
hrger distribution is part ly shown by Muller 
(1949) and Silberling and Rober t s (1962). T h e 
province widely exposes deformed Triassic and 
Lower Jurassic terrigenous and volcanic sedi­
mentary rocks and carbonate and volcanic 
rocks. Marine deposition was apparent ly con-
linuous at places as late as Middle Jurassic time 
(Corvalan, 1962) before orogeny caused major, 
if not complete, withdrawal o£ the sea. Much of 
(he region of Figure 1 contains sporadic ex-
psures of quar tz sandstone, which wholly or 

part ly consti tutes the highest strat igraphic 
units in sections of non-volcanic Jurassic rocks. 
W e believe such qua r t z sandstones are l i tho-
stratigraphic correlatives which record the last 
non-volcanic Mesozoic sedimentation in west-
central Nevada. I t is uncertain, however, 
whether the sandstone exposures arc remnants 
of a once cont inuous blanket . Deposit ion of 
the quar tz sand was contemporaneous wi th the 
beginning of orogenic movements , and at least 
some sands accumulated in troughs created by 
folding of subjacent Mesozoic rocks. 

T h e quar tz sand is anomalously ma tu re com­
pared to co-deposited locally derived sediments 
and to the sand fractions of nearly all preceding 
Mesozoic clastic rocks. I t would appear that 
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f ([iiartz sand matured in an environment 
.-jcli was different from that in which it and 
-.jjcent Mesozoic rocks were deposited. The 
•.icclivcsof our investigation are to determine 
-.c most likely source of the quartz sand and 
rx reasons why a mature sediment should be 
ijKjsited under orogenic conditions. 
J he northern third oi the belt o i Jurassic 
jriz s;indstone in western Nevada (Figs. 1 

Li 2) contains a relatively homogeneous .s:ind-
:.flc unit, here designated the Boyer llanch 

inntion. This paper focuses on the Boyer 
bnih Formation with a view toward the 
:.!c<)cnvironment and tectonic events which 
i lo the deposition of the formation. The 
r;in of Jurassic quartz sandstone at other 
Xiccsin western Ne\'ada will be compared in a 
:i:cr paper with the model set up here for the 
.'•ur Ranch Formation, and in that paper, the 
ujrcc of quartz sand will be explored in a re-
|;mal context. In addition to its role in the 
.-r.jWem of the origin of mature sand deposited 
ving orogenic movements, the Boyer Ranch 
•jtmation is independently significant. It has 
L-;dy controlled the heat transfer and ein-
iii-finent of a large complex of gabbro and 
iolt whoJC parent magma woul.l l,:i\\ lornied 
1 licld of surface lavas if the Ho) er Ranch 
i'jmation had not existed (Speed, 1968a). 
V.nicover, the Boyer Ranch Formation pro­
ves an important key to a better under-
unding of the palcogeographic evolution and 
I ihc sequence and times of tectonic events in 
.T Dixie Valley-Carson Sink region of western 

iVvada. 
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lOVER RANCH FORMATION 

fonnation Characteristics 

The name, Boyer Ranch Formation, is 
;f!iposcd here for quartz sandstone and associ-
.'.'.i carbonate rocks and breccia which crop 

out in the northern Stillwater Range and the 
Clan Alpine Mountains of western Nevada. 
The rocks included in the Boyer Ranch Forma­
tion are the stratigraphically highest terrigenous 
rocks in sections of Klcsozoic age in this region. 
The lithology of the formation is uniform ex­
cept for lateral variability in thickness and 
compositiori of the basa! member and differs 
markedly from subjacent lithologies. Figure 2 
shows the location and extent of the Boyer 
Ranch Formation; the total area underlain by 
outcrops of the formation is roughly 8 sq mi, 
but a line which circumscribes the region of 
outcrop encloses about 640 sq mi. Thus, the ex­
posures of the Boyer Ranch Formation are 
small and widely separated, and it is not certain 
that the rocks included in the formation were 
originally laterally contiguous. Nonetheless, the 
distinctive lithology of rocks included in the 
Boyer Ranch Formation and their contact 
relations with older Mesozoic sedimentary 
rocks and Middle Jurassic igneous rocks serve to 
identify the isolated exposures as lithostrati-
graphic correlatives. 

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

The Boyer Ranch Formation contains basal 
units overlain by quartz sandstone. The more 
northeasterly exposures of the formation have 
0 ro 250 ft of ba,sal dolomite conglomerate in­
terbedded with quartz sandstone, whereas the 
basal deposits in southwesterly exposures are 
limestone and sandy limestone. The quartz 
sandstone is uniformly fine grained and evenly 
thin bedded, and the sand population is v.ell 
rounded and well sorted. Dctrital components 
are generally greater thaii 95 percent quartz. 
The maximum preserved thickness of the 
Boyer Formation is 500 ft. 

The only organic components of the Boyer 
Ranch Formation are algal stromatolites. The 
age of the formation thus has not been de­
termined paleontologically, but other lines 
of evidence presented below indicate a Jurassic 
age. The top of the Boyer Ranch Formation is 
exposed at places in the Stillwater Range where 
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quartz sandstone is conformably overlain by 
volcanic rocks which 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 
is not co-folded with bedding in the formation. 
That is, the basal surfaces are planar or broadly 
undulating, whereas the bedding is far more 
intricately deformed. Such contacts are thrust 
faults, an interpretation supported Icxrally 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 lithlfied 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 complex, and the formation occupies 
an annular region in plan about the elliptical 

. igneous body (Fig. 2). In particular, most of 
the blocks of Boyer Ranch Formation which 
lie on thrust faults contact large masses of 
gabbro. The distribution of allochthonous 
Boyer Ranch Formation is believed to be large­
ly due to the emplacement of the ignecjus 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
placements on the thrust faults are of the order 

of a few miles such that blocks of the Bo)'! 
Ranch Formation have not been moved li 
from their sites of deposition. The displacema 
vectors are thought to emanate from a ia VNIT 1. TRIASSIC Sii-. 
source which would run from the Buena Vic 
Hills through northern Dixie Valley. The di> 
tribution has been further complicated b 
Tertiary normal faulting, 

Regional Relationships 

General. The distribution and phyii 
relationships of the Boyer Ranch Formatia 
relative to subjacent rocks suggest that it » 
deposited in a restricted area over whicb 
particular set of palcogeographic and tectoo 
conditions existed. The occurrences of quir 
sandstone of age and physical attributes simil 
to those of the Boyer Ranch Formation atcr 
tain places to the south and southwest of Dii 
Valley, however, indicate that such conditict 
obtained locally elsewhere in western Nevai 

The pre-Tertiary rocks of the Dixie Valr 
region are almost entirely Triassic and Lo»' 
Jurassic sedimentary rocks and Jurassic mt 
igneous rocks (Fig. 2). The east side of Figim 
is within 35 miles of the easternmost scfl 
mentary rocks of the western Nevada Mcsoiu 
province at this latitude.^ The presenteasit 
margin of Middle and Upper Triassic rocki 
regarded by Silberling and Roberts (1962) nortl) of Figure 

ndicating approximately the maximum exta V. (. .SilU-rling, or 
to which the Mesozoic sea transgressed (w 
the province from the west. Lower Juravs 
deposits lie at least 40 miles west of the easier 
most Mesozoic rocks, and the distributions 
the Jurassic and uppermost Triassic (Upjn 
Norian) rocks (Willden and Speed, in piti 

dice units' whose pi<. 
fl the following and 
Aown in Figure 2. 
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suggest that the shoreline moved west andb |ijj,j {̂ c'la called 
came more irregularly configured during il 
time interval. The marine basin was eradicai; 
probably in Middle Jurassic time by a regix 
orogeny whose initial movements were da;-
as Toarcian (late Early Jurassic) near Mc 
(Fig. 1) by Ferguson and Muller (1949). T) 
first movements occurred approximately aid 
same time in the Dixie Valley region, butwiili 
this region the phases and styles of dcformali 
are areally variable. 

Pre-Boyer Ranch Formation Rocks. Roa 
of the Dixie Valley region which are older iti 
the Boyer Ranch Formation are divided ia 

' T h e casternriiost beds are in outlier of Tri* 
conglomcraieandlimesioncin the Hall Creekquadmj 
of the Toiyabe Range; the deposits were recently 4 
covered by J. H . Stewart of the U.S. Geological Sure 
The beds are equivalent to part of the Augusta scqua \\^^ ^f i),^ other 
of unit 11 (J. R. MacMillan, oral commun., 1969). 
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units' whose properties are summarized 
:.c following and whose distributions are 

locks "of the Ih... 
it been movd hi 
• The di.sj)laccnrJ.«n in Figure 2. 
anate from a L3^T I. TRI.ASSIC SHALE AND SILTSTONE. The 
m the Buena vi3r Boyer Ranch terrain in both the Stillwater 
ie V a l l e y . T h e d i i f c and C l a n A l p i n e M o u n t a i n s c o n s i s t s 

r c o m p l i c a t e d | J | ; t l y o f a success ion o f N o r i a n ( u p p e r U p p e r 

*-a«ic) rocks w h i c h a r e d o m i n a n t l y s h a l e a n d 

;i;one. T h e e x p o s e d t h i c k n e s s o f t h e s u c c e s -

cmay be as g r e a t as 2 0 , 0 0 0 f t , a n d i t s b a s e is 
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F o r m a t i o n . a t cfjl 

a ihe western Stillwater Range south of Red Hill 
; 2), Triassic shale and sillslone, which are commonly 

r mî  or nhvlhue, are continuous with Lower lurassic 
r r c n c c s o i q u i n a •, , . i i r r . . . 

., ! .%ij;toussiltstone, shale, and silty limesiune of unit UI . 'a ihc Clan Alpine Mountains, the Triassic section 
«uiis largely of shale and siltstone, but it contrasts 

)U t h w e s t of D i t A - i correlative rocks in the Stillwater Range because 
»upper 3000 ft contains about -10 percent limestone. t such condjiittjg 

'vcstern Nevadi 
t h e D i x i e X'aHol 'Regional lithostratigraphic groupings of Mesozoic 
iassic a n d Lo«cf--ai""ary rocks in the region from Dixie Valley as 

Uaorrh as Winnemucca were first presented by Muller 
49) and Muller and others (1951), who differentiated 
[ rocks into two. facies which were believed to be 

TiVjposed by the Tobin thrust. More recent studies 
ixM that if the Tobin thrust exists, it is unlikely to 
it[ significantly redistributed Triassic rocks and that 
nc'cjiosed trace is confined to a small area at least 5 
« norih of Figure 2 (Silberling and Roberts , 1962; 
V |. Silbcding, oral common., 1968; R. C. Speed, 
tfoblished mapping in Siillwatcr Range). Triassic and 
cissic rocks of the Stillwater Range and the Clan 
Cpinc Mountains (south of Spring Creek) in Figure 2 
IOC included by Muller (1949) in the lower Plate 
CCS which has been redesignated the Winnemucca 
cficnce by Silbeding and Roberts (1962). Triassic' 
sets of the Augusia Mountains are part of the Upper 
fjic facies called the Augusta sequence by Silberling 
d Roberts (1962). The informal pre-Boyer Ranch 
Foimalion units presented in this paper and shown on 
figure 2 differ from previous groupings by the isolation 
/Lower Jurassic rocks and of certain Upper Triassic 
itcgrained clastic rocks from the Winnemucca sequence 

Jnd by the lumping of the remainder of the Winnemucca 
•iih ihe Augusia sequence. Tl.c assignment of Triassic 
ads to units I and II is based on differences in lithology, 
liickness.and age of youngest beds, but the stratigraphic 
tWivisions contrast as well in tectonic style. O n e of the 
.anccpts employed by Muller (1949) for facies designa-
3X1 of Triassic rocks was intensity of folding, namely, 
ill beds of the now-called Augusta sequence are slightly 
Hrpcd at best, whereas beds of the now-called Win-
xmucca sequence are slriiciurally complex. Muller's 
licw finds little support in the Dixie Valley region, for 
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^rcekquadraiij;!, L),^ ^^^j-j ;„ ,1,^ Augusta and Winnemucca sequences 
ere recently uu Ljigned here to unit II are deformed rather similady: 
rological Survci |ja,covcr, their deformation contrasts markedly with 
ligusta seqiicnu 1 j,ji of the other Triassic rocks which are here grouped 
" " • • ' 969 ) . - L unit I. 

and the upper 1700 ft is massive limestone and dolomite. 
Late Norian faunas of the Rhabdonras iiiessi Zone of 
Silberling and Tozer (1968) occur within about 1200 ft 
of the eroded top of the section, but the uppermost 
rocks contain no age-indicative fossils. Because of their 
small area of exposure, the undated rocks are included 
with subjacent Triassic rocks in unit I on Figure 2. On 
Plate 1, however, they arc differcntiaied in the type area. 
The lithologic slmilariiy 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 III 
in the Stillwater Range). In the Clan Alpine Mountains, 
the stratigraphic relief of the section below the uncon­
formity which underlies the Boyer Ranch Formation is 
about 1100 ft. 

The east (lank of the Stillwaler Range and the north­
ern part of the range between Boyer Ranch and Fence-
maker Canyon (Fig. 2) contain no Jurassic sedimentary 
rocks like those on the west (lank discussed above. In this 
region Late Triassic shale and sillslone arc the youngest 
exposed sub-Boyer Ranch rocks with two exceptions. 
First, an erosion remnant of at least 100 ft of Upper 
Norian massive limestone like that in the uppermost 
Triassic (and Triassic) section in the Clan Alpine Moun­
tains overlies Triassic shale about 7 miles north of Boyer 
Ranch. Second, the Boyer Ranch Formation near the 
mouth of Cottonwood Canyon near Boyer Ranch (Fig. 
2) lies unconformably above a unit of very fine-grained 
sandstone and siltstone with abundant ripple marks and 
slump structures which has no counterpart elsewhere in 
the Siillwater Range. Lithologically similar rocks, how­
ever, occur with massive limestone near the top of the 
Triassic section in the Clan Alpine Mountains. The 
exceptions thus suggest that the Upper Triassic shale and 
siltstone of the northeastern Stillwater Range may have 
been overlain by an Upper Norian (and perhaps younger) 
carbonate-rich section like that of the Clan Alpine 
Mountains. 1'his 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 similarily of composition and 
size distribution of the coarse components in the con­
glomerate across its outcrop belt ( ' ^20- miles wide), 
together with high clast angularity, argues for a homo­
geneous clast source which paralleled the belt of con­
glomerate. 

Fades 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 
northwest across the Stillwater Range as far as 
Red Hill (Fig. 2). Southwest of this belt, upper­
most Triassic rocks are chiefly siltstone and 

kl 
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shale like the rest of the Triassic section. T h e 
carbonate-rich facies was probably almost co­
extensive with the basal carbonate conglomer­
ate o i the Boyer Ranch Format ion , and it was 
apparent ly the sole source of the pebbles in the 
conglomerate. 

T h e large deformation of rocks in uni t I pre­
vents a clear recc)nstruction of the original dis­
t r ibut ion of Upper Norian facies; their present 
distr ibution suggests, however, tha t a La te 
Nor ian shoreline lay not far to the nor th and 
east of the inferred belt of carbonate rcxrks. T h e 
occurrence of robust shelly faunas and the 
relative coarseness of clastic interbeds in the 
carbonate rocks support the idea that this is a 
shoreward facies. jNloreover, the increasing 
abundance of the massive carbonate rock 
toward the top o i the carbonate facies o i the 
Triassic section implies general shallowing of 
the sea wi th t ime, suggesting thereby a proba­
ble southwcstward migration of the shoreline. 
U N I T .11. T R I A S S I C R O C K S , PREDOMINANTLY 

L I M E S T O N E : Rocks included in uni t II are 
chiefly Middle and Late Triassic carbonates 
which are as young as Middle Norian (Silber­
ling and Roberts , 1962; N . J. Silberling, wri t ten 
commun. , 1968). T h e time overlap between 
rocks of uni ts I and II is not yet clearly defined, 
bu t it apparent ly spans much of the Early and 
Middle Nor ian stage. Rocks in the Augusta 
Mounta ins consist of at least 5000 ft of carbo­
na te rocks overlain by perhaps 2000 ft of quar tz 
sandstone wi th interbedded limestone, shale, 
and conglomerate of the Osobb Format ion 
(Muller and others, 1951). In the nor thern 
Sti l lwater range, the Triassic section is of 
similar thickness and contains about 60 percent 
carbonate rocks and 40 percent shale, siltstone, 
and quar tz i te . Here , the Triassic rocks lie 
over nictavolcanic rocks correlated wi th the 
Ko ipa to Format ion of Triassic and Permian 
age according to Silberling and Rober ts (1962). 
Exposures of the Koipa to Format ion have been 
included in uni t I I in Figure 2. 

Pa r t s of units I and II are surely lithogenetic 
facies as advocated by Silberling and Rober ts 
(1962, p . 21), bu t they are separated in this 
paper because of certain differences which may 
relate to the origin of the Boyer Ranch Forma­
tion. Rocks of uni t 1 are substantially more 
pelitic and a t least twice as thick as correlative 
rocks in uni t I I . Moreover , uni t I contains 

. thick deposits (for example, 6000 ft) of Triassic 
rocks which are continuous a t least in part wi th 
Lower Jurassic rocks and which are younger 
than rocks of uni t IL Perhaps most important ly , 

the phases and styles of folding in unit I difc 
from those of uni t I I . 
U N I T III . JURASSIC SILTSTONE AND LIMESTOM 

In the western Stil lwater Range, Triassic shil 
and siltstone are continuous with Lower Jurass 
marine sedimentary rocks which consist oil 
fe%v hundred feet of calcareous siltstone, slut 
and silty limestone. T h e youngest fossils d 
tained from these beds are Sinemurian or posr 
bly, Toarcian (Page, 1965; Young, 1963; K.l 
Silberling and R. E . Wallace, oral commuL 
1963). A few miles nor th of the Buena Vic 
Hills in the Pershing Mining district ofik 
H u m b o l d t Range , N . J. Silberling hasdeftnild; 
identified Toarcian fossils in a section of alxw 
300 ft of Lower Jurassic rocks (written con 
mun. , 1964). 

Lower Jurassic siltstone and silty limestone occuroc' 
above the shale facies of Upper Norian rocks of unil; 
This relation could imply that the margin of the prcic 
distribution approximates the Early Jurassic shoreline t 
that the carbonate facies of unit I is actually Jurassic 
part. The Lower Jurassic fine-grained clastic rocks diV 
from subjacent Norian pelites by being far more alo 
cous and containing abundant thin limestone inlerbca 
Moreover, the rate at which Lower Jurassic deposliii 
cumulated may have been two orders of magnitude ti 
than the Norian rate, provided Early Jurassic depoiiln 
was continuous. The latler points suggest a change tS 
depositional environment from Norian to Early Junii;, 
time which was perhaps associated with westward mip 
tion of the more stable platform on which the nua-n 
beds of carbonate facies of unit I had been deposiicti. 

Twenty miles west of the Stillwater Range in the Wo 
Humboldt Range, Lower Jurassic rocks are in fargicii 
abundance than in the Stillwater Range. The tola! thid 
ness of the Lower Jurassic section in tlie West Hunibi' 
Range is uncertain, because the Mesozoic rocks their 
in a pile of thrust nappes (R. C. Speed, unpublisW 
mapping). The thickest continuous section of Low 
Jurassic rocks, however, is around 1000 to 1200 ft. IV 
vided the nappes are not far-travelled, il would apjn 
that rocks in the West Humboldt Range indicate a Low 
Jurassic thickness gradient with a strong wesicriy a& 
ponent. The youngest faunas obtained from these rod 
are Toarcian. In the nortliern West Humboldi Ran; 
5 miles east of Lovelock (Fig. 1), several hundred fcti/ 
gypsum and sandy limestone lie conformably above» 
fossiliferous calcareous siltstone which is liihologici' 
identical with the rocks bearing Sinemurian andToarca; 
fossils. Twenty-five miles southwest of Lovelock in A 
Mopung Hills, calcareous siltstone and limestone bclicnJ 
to be Lower Jurassic (Willden and Speed, in press)» 
overlain by gypsum, qiiariz sandstone, and flmcsKS 

T h e s t ruc ture of rocks in units I and Illi 
complex; Triassic shale and siltstone and Lma 
Jurassic rocks are t ightly co-folded about ac 
which plunge bo th in westerly and eastnii 

directions (Willden ai 
iiiiancc in axis orii 
biding of broader ' 
wrfaccs trace north-^ 
wmber of thrust blm 
alocal slides during li 
tion began after dc])r, 
0Toarcian or later ii 

Beds of unit II arc 
ibout northerly axes 
figure 2; near the \i.. 
Ud limbs are localf 
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MacMillan, unpubli.s! 
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•hich, at least in llu 
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The youngest fossils ch ,; Toarcian or later time. 
Js are Sinemurian or punr 

1965; Young, 1963; .\. J 
. Wallace, oral connnuo.; 
north of the Buena Vi« 
ig Mining district of li^. 
. J. Silberling has definiltir 
ossils in a section of alwi, 
assic rocks (written coca 

-:cctions (Willden and Speed; in press). The 
*jiance in axis orientation is due to later 
i'ling of broader wavelength whose axial 
'-'f.iccs trace north-south. Unit I contains a 
uiiber of thrust blocks which arc interpreted 
?kx'al slides during first folding. The deforma-
fl began after deposition of unit III, hence, 

Beds of unit II are relatively broadly folded 
out northerly axes in the northern jiart of 

'jure 2; near the join with unit 1, however, 
ii limbs are locally tightly apprcssed, and 
»ls are overturned (R. C. Speed and J. R. 
iK'Millan, unpublished mapping). The con-
1 between units 1 and II is a tectonic zone in 

'Jill, at least in the Stillwater Range, rocks 
•jn'it I have ridden north over tho.'« of unit II. 
:£ ciitiivalent contact between units 1 and II 
".ihc northern Clan Alpine Mountains is con­
ned by Tertiary deposits, but the contrast 

itructure across the 4-mi covered interval 
;jcsts a comparable relation to that in the 
ilivater Range. The displacement of unit I 
:i unit II is not great, however, because 

i*{lomerate wedges in the eastern Clan Alpine 
•cntains indicate unit I has not moved far 
'ih from likely pebble sources which lie to 
tast. Broadly, the relations discussed above 
;CfSt that fine-grained clastic sedimentary 
is (tinit I) collected in a rapidly subsiding 
in in Late Triassic time and then were up-
•rd, deformed, and transported to the north 
tt partly contemporaneous shelf facies (unit 

r Jurassic rocks are in far grr»«»l fj||y in the Jurassic orogeny, 
lillwater Range. The tola! tUi-|n,jf,rst folds in units I and III and the 

•j(l surface which separates units I and III 
m unit II in the Stillwater Range are de­
nied together with beds of unit II in folds 
ill liave northerly axial traces. The early 
il of units I and III thtis formed before or 
.nng the overriding of unit II by units I and 
In the Stillwater Range the Boyer Ranch 

itnaiion is truncated at one place by the 
•4st which brought unit I over unit II. The 
^wllon of the Boyer Ranch Formation thus 
'.rdcd thrusting of unit I and the second 
f of folding. It is believed that the deposi-

:s southwest of Lovelock ia i f " o '̂curred during the early stages of first 
ssiltsione .and limestone U l r - i ^ n g of units I and I I I . 

Ifgional Setting of the Boyer Ranch Forma-
*. The distribution of outcrops of the 

:i Ranch Formation is clearly not co-
sriwe with the original distribution of the 

because the Boyer Ranch Formation is 
lied on the north by the tectonic zone 

ih separates units I and II and is covered 

e and silty limestone occur otiV 
Upper Norian rocks of urm 

,• that the margin of the pre 
s the Early Jurassic shotchr« m'. 
I of unit I is actually Juraiik 
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pes (R. C. Speed, unpiilJ 
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uniboldt Range indicate a I. 
nt with a strong westerly (wt 
junas obtained from these ra 
irthcrn West Humboldt R » ^ ^ 
(I-ig. 1), several hundred Ui' 
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xaring Sinemurian and Toinm; 
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rocks in units I and III !£ 
ale and siltstone and Ix»iS| 
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on the east and west sides by Cenozolc deposits. 
Nonetheless, it seems clear that the Boyer 
Ranch Formation lies only above rocks of units 
I and 111 and'is absent from terrain underlain 
by unit II. It is unlikely that the Boyer Ranch 
Formation is absent above unit II due to less 
probability for preservation there than over 
units I and III, because the deformation of 
rocks in unit II is far less than that in units I 
and III ami IKCUUSC of the overriding o( unit II 
by units I and III. Rather, the evidence sug­
gests that the Boyer Ranch Formation was not 
deposited on unit II. Moreover, absence of 
Upper Norian and Lower Jurassic rocks in unit 
II in Figure 2 and in ecjuivalent rocks to the 
north in the Mt. Tobin quadrangle (Muller and 
others, 1951) suggests that deposition in the 
Mesozoic basin where unit 11 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 environrnent. The 
ero.sional and angular unconformities below the 
Boyer Ranch Formation indicate that uplift 
and deformation occurred between the deposi­
tion of the Boyer Ranch Formation and that of 
subjacent beds. 

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

The gypsum beds imply some degree of re­
configuration of basin geometry ,ifter deposi tion 
of the Lower Jurassic rocks such that con­
strictions developed which impeded outflow 
of saline waters. If the constrictions had a tec­
tonic origin, they may have been contempora-

I 
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1 
iieotis with the movements recorded by the 
ba.sal unconformity and lithology of the lower 
mcmlier of the Boyer Ranch Formation. The 
present evidence broadly suggests that the 
gypsum beds may occupy the more offshore 
parts of the inherited, but somewhat recon­
figured. Early Jurassic basin, whereas the Boyer 
Ranch Formation lies in the vicinity of the 
shoreline. 

Post-Boyer Ranch Formation Rocks. The 
Boyer Ranch Formation is conformably over­
lain by up to 2000 ft of lava, tuff breccia, 
laminated tuff, and volcanic sandstone of 
basaltic and keratophyric composition. The 
volcanic rocks (Jurassic basalt of Fig. 2) occur 
only within the perimeter of the outcrop area 
of the Boyer Ranch Formation, and they con­
tact no sedimentary unit other than the Boyer 
Ranch Formation. The relations indicate that 
deposition of the volcanic rocks and the Boyer 
Ranch Fonnation 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 tho,se of the volcanic rocks. The intrusive 
body is mushroom shaped and occupies about 
450 sq km in plan. Part of the bottom of the 
igneous body is thought to be the erosion sur­
face which underlies the Boyer Ranch Forma­
tion. The volcanic rocks cap the intrusion as 
well as the annular Boyer Ranch Formation. 
The geometric relations and compositional 
similarities of the volcanic and intrusive rocks 
indicate they are co-magma tic. The confine­
ment of these relatively large masses of igneous 
rock to space on and within a single sedimentary 
unit, the Boyer Ranch Formatioii, argues for 
control of the distribution of the igneous 
materials by the particular properties of this 
sedimentary- rock, a matter to be explored else­
where. 

Potassium-argon ages of a hornblende-biotite 
pair and an individual biotite from the gabbro 
are, respectively, 165-145 m.y. and 150 m.y. 
Assuming argon retention in the hornblende 
was superior to that of biotite (Hart, 1966) 
during Cretaceous and Tertiary thermal events 
in the Basin and Range, the age of the gabbro 
is most likely Middle Jurassic (Howarth, 1964). 
The age of the gabbro supplies a minimum age 
of Bathonian for the Boyer Ranch Formation. 
If the deposition of the volcanic rocks and 
Boyer Ranch Formation was continuous, the. 
Boyer Ranch Formation caniiot be much older 
than the gabbro. 

Succeeding events in the vicinity of the 

clani)I„ 
c, aan 
d. Tl^.. 

^ 

\ ' 

®WestFionl 
Stiu-oter 
Ronqe 

Boyer Ranch Formation were the intrusion i/ ^ 
widely separated granitic plutons, pniliaWy it 
Cretaceous or Tertiary time, and Tcrliirv 
volcanism and block faulting. 

Stratigraphy 

No single section contains the deposiliiKui 
bottom and top of the Boyer Ranch Formalirc 
Consequently, no adequate type section c\iuv 
and we have selected a type area for sysiciaiii; i 
description on the basis of the relative clanlil, 
with which the stratigraphy, structure, 
basal contact relations can be interpreted, 
type area, north of Shoshone Creek in iL 
northern Clan Alpine Mountains, exposes llJ . 
unconformable base of the Boyer Ranch r « j 
mation over a relatively large outcrop IcnglLJ _ 
Unfortunately, the top of the formation is n i 
preserved in the type area, but at other J)1HT( , 
where the depositional top is exposed, the laip 
amount of intrusive rocks and extent of intcriu 
deformation and metamorphism obscure tli 
Boyer Ranch stratigraphy. 

The formation is named after the Ho\r 
Ranch, a prominent landmark in nortlKii 
Dixie Valley, which is near the center of il!.''«'"« ^- Stratigraphic Scai, 
area of exposure of the formation. Exccllfrj""'-'""" " " ' " " ' " " ' """ "" ' 
outcrops of the Boyer Ranch Formation ocr I 
two miles northwest of the Boyer Ranch at'., j " ° P °"t ' " a northeri 
mouth of Cottonwood Canyon which isV| _vlt is argelym fault ctmi., 
cessible from the Dixie Valley Road. *""' ''"''''•'a ^"" " ' probable 

The descriptive stratigraphy of the Bmtr''°fiy °^ ''"'' Cl^n .Mpii. 
Ranch Formation is derived chiefly from lhitf '«' ' ' '°""S ^^"K" 's givii. 
incomplete sections (Fig. 3), each of which fl'̂ '-'J ('" Pf"^). 
believed to have stratigraphic continuity. Td ""-' ' ^ ^ y ' I<a"cl> Fonii 
gether with observations at other points, i l f " " "nconformably tin. 
sections indicate that the Boyer Ranch ForiJ''^*^"'^ ""ocks, of which tin 
tion consists broadly of two members: a bs^ i"'-'l of perhaps 20,000 It., 
limestone or limestone and dolomlte-pcbli^''"-' '>'P* '̂'"''̂ '̂ ^ f I'f stib-l: 
conglomerate with pebbly quartz sandsloi^'^''''^"'^^*"''" ^'^^^'°"""'"'--
and an upper homogeneous quartz sandslonj""* '" order of increasing , 
Macroscopic compositional and textural trcni'^oflormity: 
in the Boyer Ranch Formation are obsenalJ i,) \fassive dolomite and Um, 
only in the basal member which is largely câ i.̂ -k): chiefly medium grey fine- , 
glomerate in the northeastern half of the oul.rdiiloniiieiahiiosi eniircseeii,. 
crop area and limestone in the southwesirrf'i 10 to 400 ft in block II (KC I.E. 

^a«ivc, white, grey, and black li: 

(h) Limestone and sdndstoiie (' 

half. 

Type Area 

General Geology. The type area of 
Boyer Ranch Formation covers about onc-l 
square mile in the northern Clan Alpine NloufJt'^flfJn^yjXJ';.,!',^ c,,,̂ ..̂ ., 
tains, two miles due north of Shoshone Cter'i.«i ,„ 200 ft are red very fine 
A geologic map and cross sections of the l\,-ii:iione with ciirrem sirucmn. 
area are on Plate I*. Mesozoic rocks in the tvj»jiks; Moimiis subdrcularis thnn: 

_ I |c) Limestone, shale, and si'l/. 
l̂ .kl,ncss uncertain owing ro in 

• , i «i-lvdded to nussive, dark-gn -. 
• , ^ u i r a n d massive while and iiiu: 
• - h a 1 • • 1 1 • . • 

" f»li in organic debris, sparse uih 

* See Plate Section' for all plates. 
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f .1 F'ijurc 3. Stratigraphic Sections of Boyer Ranch 
.enter oi ii • ' . . , ' . _. -> j T>I„,. i 

r . II innuiion section locations on Figure Z and I'laie 1. jn. Excellc:' " 
mation oci-1 . , , j - ui .-i 
.- 1 • .'• i '̂ fop oi-'t 'f a northerly trending block 

? " V ' '• ' -cliislargely in fatilt contact with ignimbrite 
\ ' ' ' kxl bedded tuff of probable Miocene age. The 
'r " 1 n jroloev of the Clan -Mpine Mountains and 
)t the Bovft. ,?' . . • • u \\'-n,i,„ ,„A 

igliboring ranges is given by Wiilden and 
xfd (in press). 
The Boyer Ranch Formation in the type 
rj is unconformably underlain by Lower 
rsozoic rocks, of which the upper 3000 out of 
inial of perhaps 20,000 ft of section is exposed 

• ' ' 1111 llic type area. The sub-Boyer Ranch rocks 
itc-penl)»r ,. -"̂  , . , r n L • r i 

I . jtdiscussed in the following, as three informal 
tz sandston . . , r • • i- L i i 

I LJis in order ot incre.ising distance below tlie 
z santlstoiK r • 
«ctural ircm' ^nfo^mtty: 
e obscrvnW ,) .Uawir dolomite and limestone (400 to 1200 ft 
l a rge ly con ^l): chiefly medium grey fine- to coarse-grained mas-

f.of t h e out iiiolomite; almost entire section ai places isdolomitc, 
: IQ to -too ft in block II {see later) is thick bedded to 
Laivc, white, grey, and black limestone; no diagnostic 

\y from llin 
1 of which 
itinuity. T 
r points, ill 
anch Forir 
ibers: a Iw 
jmi tc 

outhweslcr -

•'tl) limestone and sandstone (600 ft thick): largely 
, , «.ljcddcd lo massive, <lark-grcy to black cherly lime-

a r e a OJ 111 ^,j„j,„3ssivc while and grey limeslonc, commonly 
o u t onc-|uljjj^P|.j,ji,ij. Ji-ljris, sjiarse interbeds up to a few feet 
Ip inc .^lol 'lVl of thin-bedded very fine-grained sandstone; lower 
h o n e Ctrt'lMioZOO ft arc red very finc-gcained sandstone and 
of t h e tV(f«onc with current structures, slump folds, ripple 
s i n t h e t\rt*Bli:.\/ono/MJ«Ar«-r«/</w throughout unit. 

i e) limestone, shale, and siltstone (1500 ft thick): 
»V,-«s uncertain owing to interna! faulting; about 

40 to 50 percent thin-bedded to massive, black cherly 
limestone, percentage increasing toward top; units of 
homogeneous limeslonc from few inches to greater than 
200 ft thick; 50 to 60 percent locally slaty, orange-
wcaihcring green shale and siltstonc; minor current-
bedded, ripple-marked calcareous sandstone and shelly, 
silly limestone; base is faiilicd; unil overlies thick (5000 
ft) mudsionc-sbalc-slatc at Hoyt Canyon, 7 mi south­
west; Monoiis subcireularis, I lallorelliliiid brJcbiojKxIs, 
SeptacarJia sp. 

Unit (b) and the Upper part of unit (c) are in 
the Rhabdoceras siiessi Lone of the Upper 
Norian as established by Silberling and Tozer 
(1968), but the lower part of unit (c) lies in 
zone of Sieinmanniies beds of the Norian stage 
(N. J. Silberling, written commun., 1968). 
Unit (a), however, has no age-diagnosiic 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 lacies in­
trude and lie above the Boyer Ranch Forma­
tion. Thus, the minimum age of the Boyer 
Ranch Formation in the type area (and else­
where) is Bathonian (late Middle Jurassic). 

Unit (a) is largely massive gray dolomite, but 
bedded limestone of variable thickness occupies 
the basal part of the unit. The change from 
dolomite to limestone is gradational over an in­
terval of about 3 ft, and the zone of transition is 
discordant to bedding in unit (a) (PI. 1, map 
and section AA'). Although the three-dimen­
sional configuration of the dolomite is not well 
known, a rough parallelism may exist between 
the base of the dolomite and the unconformity 
which underlies the Boyer Ranch Formation. 
The dolomite rock is broadly 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 alinost 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-

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

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

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

' The fit was obtained by finding the orientation of the 
plane in spherical sp.acc which minimized the sum of 
squares of the normals beiween the plane and poles to 
iK'dding on a unit sphere. The projection of this plane 
on the equatorial plane is the best fit great circle through 
bedding poles on the equal area net. 

The use of the above axis for the Boyer Kami 
Formation requires that the Boyer Kancl 
Formation is folded coaxially with sul)j;icrri 
rocks, an assumption which seems valid by ih 
parallelism of bedding strikes on both sitlt» u 
the contact. The base of the Boyer Kaivi 
Formation in block 1 is thus implied to bccitUi 
an crosional unconformity or an angular uu 
conformity without discordance of strike 
BLOCK II. The south side of block II is nnmu 
faulted against block I, and the northern inai;;li 
of block II is the trace of the thrust whul 
separates the allochthonous rocks of bitx-k II 
from block II. Block II contains faulted nx 
tions of sub-Boyer Ranch rocks which expenr 
nearly all of units (a), (b), and (c). The Hojr 
Ranch Formation is exposed only on the wr* 
side of block II where it is unconformable re 
beds of unit (a) with angles as great as IV 
Bedding in the Boyer Ranch Formation jti. 
sub-Boyer Ranch rocks in block II is foldt̂  
about axes which plunge 35° to 50° lo ili 
northwest. The axial surfaces are venial i 
inclined as much as 70 SW. 

The westernmost fold of block II is an ovt 
turned syncline in which the core is laijt! 
occupied by the Boyer Ranch Formatioi 
Figure 4b shows a ;rSo diagram for the Bo\ 
Ranch Formation and for beds of units (a) i: 
(b) which are apparently folded in the sai: 
syncline. The cylindrical axis which best f 
the totality of poles plunges 39°, N. 32 \\ 
best fits for the Boyer Ranch poles and (• 
poles of units (.i) and (b) obtained separatri 
however, are not coaxial. The difference i 
orientation of the two axes, as well as the grcjii 
scatter of poles of the sub-Boyer Ranch roi 
than of the Boyer Ranch Formation, may \ 
explained by the existence of gentle folds in l! 
sub-Boyer Ranch rocks of block II whose ji 
differed from those of the later, more apprtiv 
folds. 

In the northwestern corner of block ! 
bedding attitudes indicate overturning 
southwesferiy directions, that is, opposite 
the northeasterly overturning prevailing di 
where in block II. This area also contains min 
folds and widespread breccia, both of whi 
are rare elsewhere in block II. The area 
anomalous structure adjoins block III and 
just below the southward projection of t 
thrust which bases block III. The evidenced 
indicates reorientation of earlier structures a: 
brecciation of lower plate rocks which »t 
near the thrust that transported Boyer Rn, 
Formation and gabbro of block f II. Bedd 
attitudes in the area of reoriented struct 
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Figure 4. Equal area plots of poles to bedding of Boyer Ranch Formation (closed circles) and subjacent Triassic rocks (open crosses) in type area near Shoshone Creek, 
Clan Alpine Mountains, (a) Block II, westernmost syucline; full line is best (it great circle for poles of Boyer Ranch Formadon and circled cross 1 is corresponding fold 
axis (N. 24 W., 39°); dashed line is best fit great circle for poles of sub-Boyer Ranch rocks and circled cross 3 is corresponding fold axis (N. 54 W., 60°); circled cross 2 is 
fold axis (N. 52 W., 50°) best fitting all points, (b) Block I: circled cross I is fold axis (N. 78° W., 32°) for all poles; circled cross 2 is a minor fold axis. 
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were not used in the axis computation of 
Figure 4b. 
BLOCK III. Block HI underlies the northern 
part of the type area; its boundary is a thrust 
fault with respect lo 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 s:indstone in the upper and 
lower plate, its trace cannot be clearly resolved 
such that it is shown on Plate 1 as an inferred 
contact. Block III contains quartz sandstone 
of the Boyer Ranch Formation overlain by 
facies of the Middle Jurassic igneous complex. 
In block III, bedding in the Boyer Ranch 
Formation is largely destroyed, and the quartz 
sandstone is extensively albitized. 

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

Unconformity. The Boyer Ranch Forma­
tion dcpcsitionally overlies dolomite of unit (a) 
everywhere in blocks I and II, 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 is 250 ft in block I and 750 ft in block 
II. The total variation in thickness of unit (a) 
in the type area is about 1100 ft, assuming that 
the base of unit (a) is correctly 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 irregiilar; the most common 
channels at the top of the dolomite are about 
5 ft wide and 1 to 2 ft deep. 

In block II, 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 

feet, thus suggesting that the sub-Boyer Rnn̂ -: 
rocks were broadly warped, rather than sl)ar|J 
inflected, before deposition of the Bn)r 
Ranch Formation. As discussed above, tlirr 
is no evident discordance along the ncad 
horizontal trace of the unconformity in hliki 
I though sub-Boyer Ranch beds could ut; 
have different dips from the Boyer Raiu 
Formation in directions perpendicular to itr 
trace. .'\ conceptual model of the type area »' 
the beginning of Boyer Ranch depo.siiion i>; 
mildly dissected surface underlain by gentl 
folded massive carbonate rocks. 

Conglomerate Member. The lower nicmU 
of the Boyer Ranch Formation in the typeartj 
consists of carbonate-pebble conglomerate a.iJ 
minor interbedded pebbly sandstone and liixiv 
geneous quartz sandstone. The range of cit:; 
position and textures of the pebbles is such il-
all the clasts could have been derived niu 
from unit (a) of the subjacent section. Ti; 
conglomerate matrix is quartz sand and carbn 
ate cement. The thickness of the lower mciiiU 
varies markedly; the maximum is 250 ft, k 
along segments of the basal contact in W 
blocks I and II, the lower member is ab-vi, 
and the upper tnember directly o\cdics uji 
Boyer Ranch rocks. Figure 5b shows the var;i 
tion in thickness of the conglomerate mem!> 
exposed in the syncline of western block I 
the range of thickness is 0 to 40 ft. Maxiniu 
thickness occurs at the hinge of the synclm 
and the member thins around the interval 
large curvature. About 2 ft of conglomcn 
exist on the upright limb, whereas conglonr 
ate is absent from the overturned limb. T). 
distribution indicates preferential accuniiibi 
of clasts along the hinge of the syriclinc. .Su/i 
posed on this smooth thickness variation i 
irregularities due to filling of channels of af­
fect in width on the dolomite surface. 

In block I, the strike of the conglomcii 
member parallels the trend of the fold axissn 
that variation of conglomerate thickness» 
position in the syncline profile is tinkno» 
.Mong strike, however, the conglomerate v; 
in thickness from 0 to 250 ft. Plate 1 and Fip 
5a show that the base of the conglomerate inr 
ber in block I is far more irregular tlut 
upper contact with the quartz sandstone im 
ber. Variations in conglomerate thickncaii 
direction parallel to the fold axis thus arc* 
to topographic relief on the surface of 
Triassic dolomite. The absence of the basal 
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^ _ fipirc 5. Large scale geologic maps of parts of type area of Boyer Ranch Formauon, (a) showing differentia-
i g l o m e w t ^ , f luŷ f̂ member in block I and (b) showing variation of thickness of lower tnember with position relative to 
d axis s a i ^ „ „ j in block I I . 

^ w a s completely submerged. This relation 
^ c s that clasts of the conglomerate member 

[>T: not tran.s]jorted from persistent uplands 
;»lJ3cent areas, but more likely were locally 

led. We interpret the depressions in the 
f*«iformity in block I as having been tr ibu-
;r> channels normal to a main trough which 

jlong a svnclinal hinge that now trends 
-gtrsw. 

e basal < » | QJ^,, jf, tjjg conglomerate member are en-
the c o n i i 4 j , . of carbonate rocks. Greater than 80 per-
t dcposiirt^Tjof the clasts at all levels in the conglomer-

>K light-, medium-, or dark-gray dolomite . e t he Vti 5 

At stratigraphic levels within 100 ft of the 
quar tz 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 
in basal conglomerate of the Hoycr Ranch Formation is 
from ys to 20 in. The rock isslratified by \'crtical 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 }^ in. Roundness of clasts is largely 
beiween 3 and 5 on the scale of Krumbein (1941). Clasts 
which are less than roughly 3^ in. in length have round-
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ness values of about 4. Coarser fragments average about 
5 and txrcasionally 6; very large boulders, however, are 
less round than clasis of the 1- to 6-in. range. Distinct 
lateral or vertical trends in roundness are absent. Clasts • 
of length less than about 8 in. arc discoidally sliapcd, 
whereas coarser panicles arc more spherical. Ratios of 
maNimiim to miiiiiniini dimension of clasts are in the 
range, 1 to 5; tlic average ratio in conglomerate beds 
varies from 1 J4 to 3, generally in inverse pro|iortion to 
ilie average grain size. Discoid particles are well aligned 
in llie bedding plane, and imbrication is rare. In general, 
the angul.iriiy r)f ihe clasis of ihe cunglomeralc meml>er 
supports oiher evidence that the clasts were locally 
derived; moreover, it indicates that link- reworking 
occurred near the site of deposition. 

The conglomerate member is layered by variations in 
mean grain size of clasis, size sorting, shape alignment, 
and clast to matrix ratio. Siibmcmbcrs which are quasi 
homogeneous with respect to these criteria arc betuecn 

,2 and 25 ft thick and average about 10 ft thick. Some 
submcmbers in block I conlinuc laterally over at least 
hundreds of feel, whereas others thin measureably within 
that distance. In pariicular, the coarsest boulder con-
gloiiicraic in the lower iiiember forms a tongue which 
wedges out 250 ft from the wall of the largest undulation 
in the basal unconformiiy (Fig. 5a). 

Size sorting of clasts varies greatly between submem-
bers. The sorting is lx:st in'thin layers of small clasts and 
is least in thick layers of coarse particles. Some intervals 
of coarse debris have bimodal size distributions where the 
edifice is supported by coarse clasts and the smaller clast 
population is restricted to sizes which could fit through 
the interstitial openings between the coarser panicles. 
The degree of clasi alignmenls is proportional to the 
extent of size sorting. Vertical changes in mean grain size 
and clast to matrix ratio are borh .abrupt and gradational. 
Small variations of tbesejiropertics within some members 
provide excellent bedding on intervals of an inch to a 
few feet, averaging 5 to 10 in. \ 'cnical trends through 
the meml)cr as a whole consist only of slighily jxiorer 
sorting and alignment in the lower part. 

Besides the preferred orientation of iheir shortest axes 
normal to lx^<lding (as defined bv lilhologic lax'ering), 
the long axesofiriaxia! clasts are moderately well aligned 
in the bedtling plane. The \'ccior mean of long directions 
of clast pipiilations at 24 places in block I is S. 87° W. 
plus and minus 21° (at 95 percent confidence). Ten 
values in block II 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 lineaiions are nearly parallel with the axes 
about which the conglomerate member is folded. It is not 
clear, howe\'cr, whether the alignment is sedimentary or 
tectonic. 

Conglomerate in the Boyer Ranch Forma­
tion is chiefly 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 

sandstone and clast-supported conglomerate. 
Intermediate lithologies are simply mixtures(i( 
end members, however, and the carbonate 
clasts in pebbly sandstone are no more maiuic 
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, anj 
the sands of the upper member have size and 
roundness distributions with similar liniiti 
(Table 2); thus, the sands of the upper and 
lower member were probably co-derived. TIK 
quartz sand is a highly mature sediment com 
pared to th? carbonate clasts in the lower mem 
ber. Because the coar.se components were cleat 
ly locally derived and because quartz sandstont 
is sparse in the underlying Triassic section, the 
quartz sand must have arrived from sourtn 
external to the local depositional system. 

Good sorting and laterally continuous tint, 
bedding in the dominantly finer grained con 
glomerate units, pebbly sandstone, and quart; 
sandstone in the lower member indicate prolvi 
ble deposition in an aqueous medium. The ab 
sence of current bedding, pebble imbricatior. 
and channeling which might be expected wlier 
conglomerate lies above sandstone, indicate; 
fairly low-water-velocity environment. Tt 
poorly sorted, ma.ssive, coarse-grained civ 
glomerales, however, may have been deposiit; 
subaerially or, on the other hand, if they \ta 
defiositcd in water, velocities may not hav 
been sufficient to move clasts of this size onJ ''"'^kness of quart 
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Though sorting mechanisms were sufficia 
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.-tually zero at the time of deposition of this 
urU sandstone interbcd. More generally, the 
Mtihution of simdstone in the conglomerate 
ocnibcr may be due at least part ly to the ratio 
<lhi- influxes of the locally derived carbonate 
iuilus and foreign quar tz sand. T h e pebble 
Li thus was variable but , of course, nothing is 
.Mwn of the steadiness of the quar tz sand flux. 
ik supply of carbonate clasts was certainly 
rfundcnt upon local topography, hence up-
ii. If the local uplifts were created by anti-
5iul folds, the carbonate influx must have been 
mjiortional lo the rate of l imb appression until 
:c amount of sand deposited was sufficient to 
j\er the anticlinal rises. 

Quartz Sandstone M e m b e r . T h e upper 
trnibcr of the Boyer Ranch Format ion con-
Bii largely of quar tz sandstone and, more 
pirscly of sandy limestone and dolomite . T h e 
ariiiber is up to 150 ft thick in block I and 
'JO ft in block I I ; in both blocks, the top is 
httm. The base of the upper member is 
pdaiional with the conglomerate member 
ntrl to5f t of pebbly sandstone, .-^s ment ioned 
tove, quartz s;md in the upper member is 
--•lually identical with that in q u a r t z sand-
fxic interbeds and in the matr ix between 
jtbliks in the lower member . T h e boundary of 
Ic iwo members thus appears to mark a cessa-
M of the influx of carbonate fragments, 
ric lateral variability in thickness of the upper 
amber is uncertain; lack of critical exposures 
;itvcnts determinat ion of the variat ion of 
itkness of quar tz sandstone in syncline 
jniile in blocks I and II . 

Bedding in the quar tz sandstone is defined 
!̂  variations in sand /mat r ix ratio and by small 
.iingcs in the mean size of the qua r t z sand. 
HJC most prominent beds are I to 8 in. thick, 
W many of these intervals contain subtle 
'aninations 0.1 in. thick. Bedding surfaces 
et planar, and bed thicknesses are constant 
ilcrally over tens of feet. Ripple marks, 
ttlincd bedding, and other current features 
Et absent. Fu r the r discussion of the petrology 
i ihc quartz sandstone is deferred to a later 
iviion. 

Sequence of Even t s . T h e lower member of 
ic Uoyer Ranch Format ion in rhe type area 
xfllains two co-deposited sets of clastic com-
fwnis M'hich evolved under highly different 
riimcntary regimes. O n e set comprises clasts 
^carbonate rocks which were clearly derived 
'rxa units now subjacent to the Boyer Ranch 
formation. Propert ies of the lithic particles 
sjicate small t ransport distances and little 
norking at the site of deposition. T h e second 

component , fine-grained q u a r t z sand, was not 
derived from or matured in the same sedimen­
tary system that produced the lithic com­
ponents, and the ultiniate source of the sand 
was exotic. T h e sand, however, occurs through­
out the lower member such tha t 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 cur rent velocities were 
sufficient to provide size sort ing o i clasts less 
than an inch long, bu t which were not great 
enough to construct inclined bedding or o ther 
current features. Strat igraphic fluctuations in 
the ratio of lithic clasts to q u a r t z sand suggest 
variations mainly in the influxof locally derived 
debris which, in turn, was probably related to 
variable rates of source uplift, or equivalently, 
l imb appression. T h e transition from the lower 
to the upper member records the eradication of 
rhe source o i carbonate debris by near sub­
mergence of local topography by Boyer Ranch 
sediments. T h e composition of the upper mem­
ber thus indicates that ma tu re quar tz sand 
was then the only mobile clastic material. T h e 
durat ion of deposition of q u a r t z 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 t ight 
folding. Ra ther we postulate tha t as folding 
progressed, the marine waters were forced 
to withdraw, and the t roughs in which the 
sand was depositing were obli terated. 

O t h e r LocaUties Con ta in ing t h e Boyer R a n c h 
Format ion 

Hoyt Canyon , C lan Alp ine M o u n t a i n s . 
Figure 6 shows geologic relations involving the 
Boyer Ranch Format ion at a small area about 
1 mi north of the m o u t h of H o y t Canyon in 
the Clan Alpine Alountains. Here , the Boyer 
Ranch Formation depositionally overlies 100 
to 150 ft of Triassic carbonate rocks which are 
thrust over a lower plate containing the same 
Triassic beds. T h e unconformity below the 
Boyer Ranch Format ion is irregular on a scale 
of a few feet and is marked by a small angular 
discordance. T h e unconformity intersects stra­
tigraphic levels in the Triassic section which 
are probably correlative wi th horizons in unit 
(b) in the type area. 

T h e conglomerate and q u a r t z sandstone near 
H o y t Canyon are similar to those in the Boyer 
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Figure 6. Geologic map and cross section of an area containing the Boyer Ranch Formauon north of Iln 
Canyon, Clan Alpine Mountains. 

Ijnch Format ion of th 
• Figure 6, however, th 
lloyt Canyon is overla 
cJimcntary rocks con 
Imcstone, marble, anil 
Wrnfels) in subunits In 
Hie age of the metascth 
irlcrmined faunally, bii 
ty of these beds to I. 
tnit (c) in the type an 
formation provides a si 
h), (b), and (c) also c 
iwinity o( Hoy t Caiiyi 
irsscs there are somcwh 
a ihe vicinity of the l\ 
mentary rtxrks a r e ^ i 
fluiiging westerly axes, 
ctlimentary section is c 
tures above if and iin 
iDtmed during or aftei i 

A breccia layer .se|), 
feoin the quar tz s;mdsli. 
Formation. The upper j 
uins only unstratificd. 
tx-nls of the upper p, 
matrix. Stratification in 
the breccia, and the • 
jndational with qtiarl/ 
thus is included in the I 
Figure 7 shows the liili 
lloyt Canyon .section. 

The stratified brecci 
Averse lithologies. M 
ilniciural framework 
metasiltstone and linn 
tJlc which were clearK 
(iccnt thrust plate. 11 
oflcd, and their long 
ia the plane of stratili 
uins rounded quar tz s; 
<tment and, at plac 
Stratification within ;i 
Ills from 2 to 3 ft ll, 
(bst-size sorting. 7 li 
Lgh percentage of qii;i 
(tide laterally into bt.: 
bedded quar tz sandsii. 
Dels within the brecci;i 
my rocks are generalK 
td in the Mcll-straii: 
ihesc intervals contain 

;
elihles of a well-indi: 
5 percent) siindstoiu 

Ullcr rounded than if 
ol metasiltstone and 
tnurce of the sandslo, 
Triassic Osobb Foi 



j n o t e 
i) and 
e and 
("Rb,) 

e and 

gray 

fe ls , 
tone, 
l l i t e 

ig 

de of 
id t rend 
i x i s . 
.heb wt^ere 
p fox imole ; 
Tied wtiere 
ierred 

HOYKK RANCH l-ORM.-\TION 2569 

:tion 

\'^<:--'^r: 

orth of Uejt 

(jirli Formation of the type area. As shown 
{Figure C, however, the quartz sandstone near 
VAt Canyon is overlain by deformed meta-
dinicntary rocks consisting of intercalated 
aeslone, marble, and siltstone (argillite and 
jvnfcis) in subunits from 200 to 300 ft thick, 
"be age of the mela.scdimentary rocks was not 
iieimincd faunally, but the lithologic similar-
n of these beds to Upper Norian strata of 
£il (c) in the type area of the Boyer Ranch 
-iimalion provides a strong correlation. Units 
!. (b), and (c) akso crop out widely in the 
»iniiy of Hoyt Canyon though their thick-
rsvcs there are somewhat diflcrcnt from those 
: the vicinity of the type area. The mctascd-
rrntary rtxrks are folded about shallowly 
ijnging westerly axes. The base of the meta-
fJiincntary section is discordant to the st rue-
its above it and must be a thrust which 
trtned during or after folding. 
.\ breccia layer .separates the thrust plate 

son the quartz sandstone of the Boyer Ranch 
.kimalion. The upper part of the breccia con-
jir.s only unstratificd, unsorted angular frag-
»nts of the tipper plate rocks in a calcitic 
ulrix. Stratification improves down section in 
5f breccia, and the base of the breccia is 
pdational with quartz sandstone. The breccia 
ias is included in the Boyer Ranch Formation, 
•.jure 7 shows the lithologic succession in the 
Vt Cjnyon section. . 
The stratified breccia contains fragments of 

i\rrsc lithologies. Most of the unit has a 
LTictural framework of angular clasts of 
aciasilistone and limestone and marble tecto-
itt which were clearly derived from the super-
Krnt thrust plate. The clasts are mildly size 
cried, and their long dimensions are oriented 
1 the plane of stratification. The rnatrix con-
ans rounded quartz sand grains and carbonate 
aient and, at places, considerable pyrite. 
itraiification within a few stratigraphic inter-
'ii from 2 to 3 ft thick, is excellent due to 
itilsize sorting. These intervals contain a 
>(h percentage of quartz sand, and, at places, 
pde laterally into beds of homogeneous cross-
irdded quartz sandstone which occupy chan-
itls within the breccia. Clasts of metascdimen-
I'vrocksare generally smaller and more round-
tl in the well-stratified intervals. Further, 
iticinter\'als contain from 1- to 2-in.-diameter 
jrbblcs of a well-indurated feldspathic (20 to 
ft percent) sandstone which are considerably 
Viler rounded than the co-deposited fragments 
i metasiltstone and marble. The probable 
njtce of the sandstone pebbles is the Upper 
Friissic Osobb Formation whose nearest 

i : i M I . * . . r i l l , into (.< 
i« ^r.•.^r^t.t^7a . . ^ ' , i>«l 
L,tonr, . . . i . r , | i 1 ) : t e . 

c l l . ' . l IP to 

thr j ' . t r . uU 
• n , t r « t U i n l L r . ( c ; « : co.i. , . i n . i . l . r ;,1oc.i of n j r b l e , 

cjl,;it. i«.»nf. I-:-.'. I...: n i c . 
• g r „ i t : i t m . i con-.ct 

L t r . t i f ' e , ) L r e c t i , : . r . ^ . i . r (o -.ol 
. * . (ont J:, . .el*r at .« r . . |e . l . r rv 'one . . 
iM-.i-.ont.. .nd I. ; l0.s*tr. ic ; . . r . . . - i t t ; - . 

' ^ r . l . t i o n t l contact - i . i , ^ , C l d t r . .< ' . r . r i t F ; c l . 

»^OJt 2 : f e . t t n i c . 

, i r id . t ion«1 contact 

— i n i j l . r uncon lo r i i t . 

i n t .n -ed , of red 

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 
.'\lpine 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 recjuires transport from beyond the 
immediate vicinity, a hypothesis which is 
supfxDrted by the greater rounding of the sand­
stone clasts than of clasts of less durable rocks 
which were locally derived. 

Structural and stratigraphic relations near 
Hoyt Canyon indicate that a thrust plate of 
Triassic rocks moved laterally into a deposi­
tional basin of the Boyer Ranch Formation. 
The unsorted breccia directly under the thrust 
is interpreted as talus which fell from the prow 
of the upper plate and was, in turn, overridden , 
by the upper plate. Debris from the thrust 
which was moved ahead of the postulated talus 
apron by running water, or possibly, waves, was 
laid down with grain maturity and perfection 
of stratification proportional to the distance 
from the front of the upper plate. The layers 
propagated laterally as the thriist 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 
original deposition of the quartz sand arid 
thrusting were not widely separated in time. 

Metamorphism of the Triassic rocks of the 
upper plate clearly occurred before thrusting 
and deposition of the breccia at the top of the 
Boyer Ranch Formation. The only conceivable 
heat source is the Middle Jurassic gabbroic 
complex which is widely exposed three miles 
north of Hoyt Canyon. There, gabbro and 
subjacent Boyer Ranch Formation overlie with 
thrust contact Triassic hornfels and marble as 
well as unmetamorphosed equivalents of unit 
(c). The southern projection of the thrust 
would lie structurally above the present level of 
the Boyer Ranch Formation near Hoyt Can­
yon. It thus seems likely that the allochthonous 
metasedimentary rocks near Hoyt Canyon 
rtxJe 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 Cottonwood Canyon about 2 mi 
northwest of Boyer Ranch, however, the base 
of the Boyer Ranch Formation is expo.sed in a 
small window and is an erosional 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 
cl.astic unit. The contact undulates with 
amplitudes of a foot or less; the irregularities 
are interpreted as channels on the erosion sur­

face filled by conglomerate. The basal coo 
glomerate of the Boyer Ranch Formation r 
Cottonwood Canyon has a maximum thicknci 
of 125 feet. Its granulometric attributes difc 
slightly from those of the conglomerate at ibt 
type area. The lowest ten feet contains coat* 
grained (average 2 to 3-in. diameter) poofli 
sorted dolomite cobbles of considerably moit 
spherical shape than elsewhere in the formaiii* 
The interstices contain quartz sand and calciu 
cement, and in several intervals in the coo 
glomerate, the rock is a sand-supported suuc 
ture with a few as 5 percent dolomite clasii 
The upper part of the conglomerate is mon 
uniformly composed of finer (diameter averajt 
^2 to 1 in.) angular carbonate clasts, 50 to Iff 
percent of which are dolomite. The pebble coo 
tent is from 40 to 60 percent of the rock whitl 
is generally a lower abundance than in \\t 
conglomerate at the type area. The conglora 
erate is overlain by 25 ft of partly silicilici! 
laminated massive-weathering limestone. Tbt 
rest of the formation consists of about 275 ftti 
quartz sandstone, which has conspicuous thit 
planar beds from 1 to 2 in. thick. 

Farther west in Cottonwood Canyon, ', 
miles beyond the canyon mouth, the topof ibr 
quartz sandstone is exposed and is conformaUi 
overlain by well-bedded basaltic tuffs in. 
lapilli tuffs of the mafic igneous complex. TTt 
stratigraphic interval between quartz sandsloa 
in upper and lower Cottonwood Canyon r 
occupied by at least several thousand feet d 
gabbro. 

Northwestern Stillwater Range. In lb 
northwestern Stillwater Range (Fig. 2), rocL 
subjacent to the Boyer Ranch Formation an 
Triassic slaty siltstone and shale, and mon 
sparsely, Lower Jurassic beds at least as your; 
as Sinemurian which are co-deformed with ik 
Triassic rocks. . \ t Red Hill, the Boyer Rami 
Formation and overlying gabbro are thru: 
over Triassic rocks. The stratigraphy of lb 
Boyer Ranch Formation is uncertain owing i; 
folding, but dolomite conglomerate incluikt 
in the upper plate suggests the prior existCKi 
of basal conglomerate like that at the typearo 
Quartz sandstone at Red Hill is the coarse-
(up to 0.3 mm. mean size) in the Boyer Ranc 
Formation. South of Red Hill, for IJ^ milt 
sporadic patches of quartz sandstone of llr 
Boyer Ranch Formation are remnants of ll.-
roof of the igneous complex. 

At Cornish Canyon (Fig- 2), an isolated bodi 
of Boyer Ranch Formation occurs in the ca: 
of a nearly recumbent macroscopic synformn 
Triassic slate. The fold is interpreted by tt 
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fi/jllclism of the contact of Triassic rocks 
Cove and below the Boyer Ranch Formation 
i-.lh slaty cleavage and axial surfaces of minor 
edines in the Triassic rocks. The lithic units 
a ihc Boyer Ranch Formation here are fine-
.nincd quartz sandstone, laminated sandy 
cwsione which is locally a limeslonc breccia, 
odcarbonate-pebble conglomerate with quartz 
a-id matrix much like that of the lower mem-
Serai the type area. The bedding in the units 
iihe Boyer Ranch Formation largely parallels 
ic contact with Triassic slate, and the forma-
»n has sparse minor folds which are coaxial 
liih folds in the slate. The contact is most 
lidy a folded angular unconformity. Provided 
ie contact is correctly interpreted as being 
ipositional, the Boyer Ranch Formation at 
Cornish Canyon was deposited after uplift, 
i«ciion, and removal of Lower Jurassic rocks 
cd probably, a significant thickness of Triassic 
Kks, but before intense folding. This sequence 
rfe%ents is similar to that at the type area, and 
1 places a maximum age of Sinemurian on the 
isx of deposition of the Boyer Ranch Forma-
im. As suggested earlier, the Lower Jurassic 
cctionin the Pershing mining district, 10 miles 
rot of Cornish Canyon, contains rocks as 
toung as Toarcian which appear to be co-
ifonmed with units I and III of Figure 2. 
By extrapolation of this age to the \yest Still-
nter area, the maximum age for the Boyer 
Ranch Formation would be Toarcian. 

;\bout four miles southwest of Cornish 
&nyon, an extensive block of homoclinal 
Boyer Ranch Formation lies with nearly planar 
.-ontact above tightly folded and thrust-faulted 
Ippcr Triassic and Lower Jurassic rocks; in 
.tintrast to the structure at Corni.sh Canyon, 
the Boyer Ranch Formation here has not 
pirticipated in the strong deformation which 
[lenades subjacent rocks. Figure 3 shows a 
sratigraphic section in this block at location 1, 
Figure 2. The lowest unit here is massive locally 
nromatolitic limestone whose thickness varies 
between a few feet and 100 ft. Much of the 
Hmcsione is monolithologic breccia of probable 
icclonic 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 P.age (1965). 

Locally, the massive limestone is overlain 
by laminated quartz sand-bearing limestone 
uid limestone conglomerate with quartz sand 
matn'.x. The stratigraphic sequence of the basal 
units in the northwestern Stillwater belt is 
dilfcrent from that at Cottonwood. Canyon 5 
miles east (Fig. 3). The carbonate conglomerate 

differs from that of the type area by having 
substantially higher roundness of the clasts, 
which suggests greater transport of the cobbles. 
The basal deposits are overlain by up to 500 ft 
of fine-grained c]uartz sandstone with a few 
thin interbeds of sandy limestone. Distinctive 
bedding is defined by variations of mean grain 
size over intervals of O.l lo 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 
Triassic rocks. The local absence and variations 
in thickness of the basal member iand the wide­
spread brecciation in the lower several hundred 
feet of the formation suggest that the base is a 
thrust fault even though the belt southwest of 
Cornish Canyon is anomalous among Boyer 
Ranch Formation sections in its apparent 
homoclinicity. Indeed, if the contact were not 
a thrust, strong folding of the Boyer Ranch 
rocks should be expected here. Using the atti­
tude of foliation in the overlying gabbro in the 
manner employed at the type area and by 
Speed (1963), the motion of the thrust in the 
northwestern Stillwater belt was northerly; 
this is, significantly, the direction of overturn­
ing of folds in the sub-thrust rocks. The base 
of the sandstone apparently was a surface of 
near-perfect slip across which concomitant 
deformation in the upper and lower plates 
differed significantly^ 

Dixie Meadows. In the Stillwater Range 
one mile west of Dixie Meadows in Dixie 
Valley, the Boyer Ranch Formation lies with 
thrust contact above folded Upper Triassic 
siltstone and sandstone. The formation locally 
has up to 20 ft of basal limestone with 34 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 
brecclated 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 steep northeasterly dips. 
The base of the formation, however, is at best 
broadly warped about a northerly axis. 

In upper Mississippi Canyon, 5 miles north 
of Dixie Meadow, about 200 ft of meta­
morphosed quartz sandstone of the Boyer 
Ranch Formation He 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 
mu.scovite, whereas in the coarser ones, tour­
maline, zircon, and apatite are more abundant 
than elsewhere in the formation. Basaltic rocks 
which lie over the quartz sandstone consist 
of flows and Interlaycred, bedded fine-grained 
breccia and tuff. Bedding attitudes in the two 
units are similar, and over a limited interval of 
fair exposure, the contact between the units 
parallels the bedding. The evidence at Missis­
sippi Canyon indicates either continuity in 
deposition of Boyer Ranch Formation and 
basaltic rocks or a time break without inter­
vening deformation or erosion. Considering 
that the Boyer Ranch Formation was deposited 
after the onset of crustal unrest, any hiatus 
must have been of short duration at best. 

Buena Vista Hills—Fondaway Canyon, 
Western Stillwater Range. The southwestern-
most exposures of the Boyer Ranch Formation 
occur near the mouth of Fondaway Canyon in 
the Stillwater Range (Fig. 2). There, Page 
(written common., 1965) found quartz sand­
stone and limestone associated with Triassic 
slate and with rocks assigned a Lower Jurassic 
age by their lithologic similarity to dated rocks 
5 miles north. The quartz sandstone at Fond­
away Canyon is correlated with the Boyer 
Ranch Formation by lithology and strati­
graphic position. Page (written commun., 1968) 
concluded that the Boyer Ranch Formation at 
Fondaway Canyon is infolded with, but less 
intensely deformed than the subjacent rocks; 
he interpreted the base of the Boyer Ranch 
Formation, however, as a thrust. Thus, thrust­
ing of the Boyer Ranch Formation at Fond­
away Canyon did not prevent the participation 
of the formation in part of the deformation of 
units I and III 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 

Triassic and Lower Jurassic .siltstone and lime-1 
stone and is overlain by gabbro (Page, 1965; * 
Young, 1963; Willden and Speed, in press). 
Conglomerate and limestone are absent frtn 
this occurrence of the Boyer Ranch Formaiioa 
although massive limestone in klippen wliicb 
lie between White Cloud Canyon and iht 
quartz sandstone exposures is probably Boyrt 
Ranch limestone. The quartz sandstone bodyii 
as ihick as 300 ft, but bedding is absent, aivl 
the stratigraphic thickness is uncertain. TTie 
quartz grains are highly intergrown, and the 
grain to matrix ratio is from 8.5 to 9, suggcstin|t 
large tectonic compaction; the recrystallizcil 
matrix is alblte-ialc-chlorlte-calcite. Though I ", "" . , • , j , ' , „f ,,,„^;,i, 
, 1 1 1 1 f - i l dcnosited in a body ot standini. 
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layer can be traced laterally over 
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The bedding in the quarf/ 
volcanic sedimentary rocks indica 

quartz grain sizes here appears similar to ihoie 
elsewhere in the formation. 

From the locality near White Cloud Canyon 
north as far as the Buena Vista HIllsj quarti 
sandstone in scattered exposures lies above ihe 
intrusive facies of the igneous complex and 
below or interbedded with extrusive facies, i 
setting generally similar to that at Mississippi 
Canyon. The maximum exposed thickness in 
this interval is no more than 150 ft. Though 
metamorphosed, the original purity, grain size, 
and bedding of quartz sandstone in these 
exposures are judged to be similar to those 
properties of quartz sandstone of the type area. 
Boyer Ranch facies other than quartz sand­
stone have not been Identified in this segment. 
As at Mississippi Canyon, the contact of quarti 
sandstone and volcanic rocks is conformable, 
channeling is absent, and the two units ate 
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 sparse 
albite phenocrysts. Within the keratophyrc 
section are many intervals of vvell-stratlfied 
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 arc 
mildly rounded and sorted and in apparent 
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V.Jtaiilic equilibrium with the quar tz sand. 
Ihc rtlalions suggest reworking and deposition 
<i volcanic inalcrials at the surface after each 
rurusion and addition of cjuartz sand from 
LI outside source. An extreme of quar tz sand 
(onccntratlon is a bed of homogeneous quartz-
•.ic.asthick as four ft, which is intercalated wi th 
lolcanic sedimentary rocks a mile southeast of 
•ix Buena Vista Mine (Nickle, 1968). T h e 
•aartzlle is now rather silicified, but relict 
s|-jaru grains and bedding are resolvable. T h e 
'jycr can be traced laterally over at least a few 
iundrcd feet. 

The bedding in the quartz-sand-bearing 
Hikanic sedimentary rocks indicates they were 
iposited in a body of standing water rather 
than in a fluvial envi ronment . T h e a t ta inment 
cf hydraulic equilibrium by the quar tz and 
lihic components indicates some degree of 
'meal working and sorting under quiet condl-
wns at the site of deposition. I t Is thus not 
ib r whether quar tz sand was still being 
applied by a source external to the system or 
• bcthersand in the volcanic sedimentary rocks 
Ui reworked from the top of the Boyer Ranch 
Formation which may have been exposed else-
•hcrc. . \s at Mississippi Canyon, however, the 
iliscncc of channelling in the top of the Boyer 
Ranch Formation and the lack of discordance 
II the contact suggest that no significant t ime 
olcrval occurred between the deposition of the 
i»o units. 

Petrology of the Sandstones 

Mineral Assemblages. Abou t 120 specimens 
of sandstone and conglomerate of the Boyer 
Ranch Formation have been examined in thin 
rclion and by X-ray diffractometry. T h e areal 
jnd stratigraphic variability of the sandstones, 
boHcver, has not been quant i ta t ively inves­
tigated because of the widespread deformation 
ind metamorphism. Rather , pietrologlc studies 
Lave been concentrated principally on spec­
imens from the type area where the rocks have 
undergone minimal postdlagenetic changes. 
Table 2 contains the data on mineral assem-
bbges and granulometry from 23 specimens of 
Boyer Ranch Format ion together with 6 
ipeclmens of Navajo Sandstone which we 
include for a measure of calibration of the 
microscope measurements on the rocks of the 
Boyer Ranch Format ion. 

Tlic abundance of sand-sized particles in sandstone of 
Ac Boyer Ranch Formation varies from about 40 to 75 
(trccnt. Of the sand population, quartz is at least 95 
frrccnt, and commonly 99 percent, regardless of sand/ 
tutrix ratio. The most frequent sand abundance is esti­

mated to be from 65 to 70 percent. Microcliiie and 
phagioclase sand are generally a percent or less of total 
rock and have maximum abundance of about 3 percent. 
Up to 3 percent sand panicles of chert and sh:ile occur 
in some specimens, and sand-sized opaque grains are 
similarly abundant at some places. Blue-green lourmnline 
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 lietween calcareous quartz arenite (Williams 
and others, 1958, p. 293) and sandy limeslonc (or dolo­
mite) in which the quartz sand grains are not self-sup-
poriing. 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-
coniinuilies between original carbonate matrix and sand 
have become largely indislinct, 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-dolomiie-kaolinitc. More rarely, small amounts 
of white mica of 14A clay can be detected. Dolomite and 
calcite occur as monominerallic matrix in some speci­
mens, and they occur together and in combination with 
kaolinite in others. Kaolinile is generally aggregated in 
homogeneous very fine-grained irregular pods or lenses 
up to 0.1 mm in thickness which contact Ixith quartz 
sand and matrix carbonate. The abundances of kaolinile 
reported in Table.2 are estimates based on both micro-

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

TABLE 1. CHEMICAL COMPOSITIONS (WT. %) OP 

QuAR-rz ARENITE AND METAMORPHOSED Q U A R T Z 

SANDSTONES FROM THE BOYER RANCH FORMATION 

(1) (2) 

SiOj 
AI.O3 
Fe^Oj 
FeO 
MgO 
CaO 
NajO 
KjO 
H2O-I-
H j O -
TiOj 
MnO 
P2O5 
CO2 
CI 
F 
Total 

68.26 
1.88 
0.37 
0.13 
0.27 

15.08 
0.05 
0.11 
0.73 
1.18 
0.06 
0.02 
0.06 

11.79 
0.01 
0.01 

67.83 
10.40 
0.20 
0.28 

13.31 
1.12 
3.38 
0.23 
1.07 
0.68 
0.40 
nil 
0.20 
0.24 
0.09 
0.04 

100.90 99.47 

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

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

Analyst: Y. Chiba 

\ y 

Xl^JtJ' 
^ ; - • 

^ ' '^''?;J€*.^'^I'i:'-?-*-'^ 



i \ 

r 
l i . 

fi; 

Ml':" 

T A B U 2. GiiA\(iLOMtrmc ASH Lmmi-ocic l>ArA m rut. Jtovf.ic K A V ANl/TUt NAV:* /0 SiN'UltltKI. 

t l U A l N Sl'/.K D l S T K I I i U ' l l O N t (^) MOMlM 

0.7S 1.0 1.25 1.5 1.75 2.0 2.25 2.5 2.75 3.(f 3.25 i .5 3.75 i.ii 4.25 -1.5 ^.75 5.0 5.25 5.5 il(#) i ' { * -

Jltiycf Kanch 1-oriiuiion (undsionc iiiliimit) 
'J'j|ic . \ / ra 

lilc«:k 1 I Vi-
r 

I 2 •;; 
r 

l l t e k 11 } % W 
r 

U •< Vi 

II 5 

II 1. 

11 7 

II S 

11 

II 

111 

!)8.9 !)7.S 
6.6 

911.3 %,0 
5.8 

VJ.'J 

VS.2 'Jl.ll 
5.1 

9J.5 SS.J 
6.3 

93.0 KS.O 
S.3 

99.2 % . 6 

lllock 

t:oUO[t\MKlJ 
Canyon 
CuiiunuiMn) 
O n y o n 
CJiUDinvooJ 
Canvon 
KcJ 1 nil 

9 

10 

11 

12 

13 

H 

15 

16 

17 

18 

•; i 99.8 97.0 93.0 

99,6 95.8 89.6 
6.5 

83.0 76.0 69.5 55.0 

99.5 98.1 96.6 
5.6 

99.2 

77.0 59.5 45.7 32.5 
5.3 5.1 

82.2 74.2 62.5 50.0 
5.5 -t.S 

82.0 72.0 57,5 44.0 
4.9 4.7 

87.0 69.0 47.0 27.0 
5.4 5.0 

40.0 28.3 18.5 10.0 

74.8 61.0 
6.1 

99.8 97.5 
5.7 

52.0 44.5 
5.4 

99.9 99.4 
4.6 

99.5 

98.0 85.2 73.0 
6.5 

W.2 Wtsi Slillwaicr 
Kangc 
\V«I SlilhiJIcr 
Range 
Dixie 
.Meadow, 

lloyer Kancli l-'uroijiion (conglomerate subunil) 
' type .\rca 

Ulock I 19 ' -

99.8 

99.7 

88.7 81.0 
5.8 

58.0 47.4 
5.3 

97.6 95.4 

98.7 97.1 

99.9 99,8 

97.8 94.2 
5.9 

98.5 96.0 
5.6 

70.2 59,0 
4.5 

34.0 21.0 
4.3 

88.0 78.5 

96.2 93.7 

98.3 94.2 

92.3 
5.2 

97.0 
5.5 

90.0. 
5.1 

37.5-
5.0 

97.8 
4.9 

97.2 
5.5 

85.0 
5.5 

90.0 
4.8 

49.0 
4.2 

12.7 
3.7 

66.0 

84.0 70,0 51,0 
5.0 

91.0 77.5 60.0 
5.3 

76.0 57.5 3S.0 
4.6 

30.0 22.0 15.8 
4.8 

95.0 85.0 71.5 
4.8 

90.8 76.7 61.7 
4.9 

67.5 46.0 29.0 
5.3 

77.0 56.5 39.0 
4.2 

39.0 29.0 19.0 
4.0 

8.0 5.7 2.7 
3.5 

50.0 27.5 14.0 

88.3 81.0 70.5 53.D 

86.3 70.5 51.5 32.0 

19.5 
5.0 

37.2 
4.3 

31.0 
4.5 

14.5 
4.5 
4.3 

32.0 
4.8 

45.0 
5.2 

20.0 
4.1 
9.8 
4.8 

56.0 
4.3 

44.0 
4.5 

13.7 
5.3 

18.5 
3.9 

11.5 
3.8 
0.8 
3.2 
7.3 

26.7 

17.5 

12.3 7.7 4.3 2.0 0.5 

24.2 15.0 8.7 4.5 2.3 1.0 0.2 

17.8 10.7 6.4 3.5 1.5 0.8 

7.6 4.0 2.0 . 0.8 0.3 

2.0 0,6 0.1 

20.0 14.0 9.5 5.0 .5.0 2.0 

31.2 22.0 15.0 8.25 4.5 2.8 1.0 

10.8 6.5 3.4 1.0 

6.2 4.5 3.7 2.3 0.2 
4.8 

36.2 22.2 14.1 7.0 3.3 1.7 0.5 

29.9 20.4 14.8 9.6 5.8 3.0 1.6 
4.3 

5.7 2.7 1.8 1.0 0.3 

11.3 6.7 3.2 1.0 
3.7 

5.0 2.5 1.5 0.3 
3.5 

3.5 1.7 0.3 

1.3.3 7.0 3.3 1.2 0.2 

8.8 6.0 3.9 2.0 0.8 0.2 

99.8 99.0 96.7 90.8 78.5 59,5 42,2 25.0 13.7 7.8 4.5 . 2.8 1.5 0.5 

Navajo Sandstone 
Skull Cieek 
W. Coluiado 

Sktill d e c k 
W. Cjilorado 

lliainond M t n . 
Vetnal, 
Utah 

niantund M m . 
Veinal, 
Ulal, 

y.ton 
National 
Park. 
lliali 
^it>n 
National 
Park, 
Utah 

20 

21 

99.9 98.0 93.0 82.5 65.8 47.5 30.0 18.8 10.0 3.3 0.5 

99.5 97.5 95.0 S8.3 72.3 55.0 39.2 26.2 14.5 5.8 2.0 0.5 

99.9 98.3 94.6 87.2 75.5 57.0 40.5 26,7 16.7 10.5 6.5 2.7 0.5 
6.0 5.0 4.4 4.3 4.1 

99.0 97.2 91.0 82.5 73.5 63.3 52.0 42.5 32.0 20.0 12.0 7.0 3.5 2.0 1.5 0.5 
6.1 5.5 4.9 4.4 3.9 

99.0 
99.8 
99.5 

7.2 

99.9 

99.9 

96.4 
99.0 
98.8 

99.8 

99.7 

99.3 

99.9 

99.9 

89.0 
96.4 
97.0 
6.4 

99.7 

99.2 
99.6 
97.8 

98.0 

99.5 
5.5 

99.8 

99.5 

99.7 

78.0 
88.6 
90.8 

99.4 
99.6 
99.2 

98.4 
99.2 
94.4 

94.0 
97.6 
95.2 

99.9 

99.5 

98.4 
99.2 
98.1 

6.0 
68.8 
75.5 
81.3 

6.2 
99.0 
99.2 
98.6 

97.2 
98.5 
90.0 
6.2 

87.0 
92.3 
87.4 

4.8 
99,5 
99,9 
99,0 
5.8 

92.4 
97.0 
93.5 

60.0 
66.0 
69.3 

98.5 
99.0 
97.9 

90,0 
95,2 
79,9 

79,6 
85.0 
77.8 

97.8 
99,2 
97.1 

83.5 
90.0 
86.9 

5.6 
50.8 
57.6 
59.0 

5.5 
98.1 
98.8 
96.7 

5.5 
80.0 
87.0 
61.1 
5.8 

69.4 
77.5 
66.1 

4.6 
91.0 
96,8 
93.5 

5.2 

73.0 
79.0 
75.7 

39.3 
46.0 
44.3 

94.8 
97.0 
92.4 

69.0 
76.0 
37.2 

52.0 
61.0 
48.8 

78.0 
85.5 
78.8 

59.5 
65.0 
62.8 

5.2 
27.0 
33.0 
33.2 

5.0 
85.3 
90.8 
83.6 

5.3 
55.0 
62.0 
25.7 
5.1 

38.8 
44.5 
36.9 

4.1 
53.2 
66.0 
55.2 

4.7 

49.9 
53.0 
42.8 

18.4 
21.4 
21.8 

77.4 
81.0 
66.2 

36.0 
44.0 

9.8 

28.6 
32.0 
20.3 

33.0 
41.0 
17.2 

41.0 
43.2 
33.3 
4.7 

11.0 
12.0 
16.2 

64.7 
69.0 
53.2 
4.5 

16.7 
19.2 
4.0 
4.7 

17.0 
19.5 
12.5 
3.8 

16.9 
19.5 
6.7 
4.2 

31.5 
31.8 
20.7 

6.0 
6.0 

10.4 

51.7 
54.0 
35.7 

8.9 
10.0 
1.3 

10.0 
10.8 
6.8 

8.0 
10.0 
2.8 

23.0 
24.0 
16.4 

2.8 
2.7 
8.4 

38.0 
40.0 
29.5 
4.2 
5.5 
6.0 
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4.7 
4.5 
5.0 
4.2 

5.5 
6.0 
2.2 

16.0 
14.5 

9.6 

1.1 
1.0 
5.0 

25.5 
24.5 
16.0 

2.9 
2.7 
0.3 

1.7 
1.5 
2.0 

2.5 
2.0 
1.4 

9.0 
7.5 
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15.0 
14.0 
2.1 
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0.7 
0.2 
4.8 
0.2 
0.1 
0.8 

0.5 

3.7 
3.0 
0.8 

0.3 

10.0 
8.0 
0.7 

0.1 
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SJIUIV liincstiiiic: .-ilxtiit 2 % sli:i1i: |i;iriict(-s and uixlcicmiiiicJ % carlionaic u n j ; ituirix cnitrcly dotniiiiic and calclie 
\iltii:li liHullv iiuiKCf will) c:irlHin3ic &:iiid owiti); lo juritjl rccryiuHi7.3iiuit; quartz u n d iiwrnly coocciiirjicd in ^ d i n 
\ii|>|Niru-d b v t r s . Imi Minic fliaiih); wild. 
V ' CIKTI 3iid ii)vi.|uc sjnd, a \v\\ SILIK" juriii-'lci: dolmniic cement 4 1 % , kaolinite 8%, 

{•_.l*:iic ccmini 2 1 K ; . M A clay 6 ' , ; . 

()jU(iuc- wild Vy-. caliiu- c tnui i i 3 0 ' i . liimlinilc lO^c-

2''c clirri i.-iiu[: cjKiic ci iiu-ni 30','^., kaciliniic 6%; iracc very fine 10 \ mica In matrix, prulubly n)cianio[|iliic; car-
Imnatc-ipiarir s;iiul icaciion. 

t J l c i i c 311.1 .l.ili.niiu- ciinciit 29';i„ kaolinile 10^;. 

l-civ siiak- jijiiiclcs; dtiloniiif ciinciii 37^(-, kaolinile 59c. 

.MictoliTiccia of ilnlnniiic cia^M wiih iiiuriiiitial (juarii sand and dolomiic ccnienl; atmut 3 % kaolinile. 

.Mairiv cni ir t iv iiiiitocrvsuilliiK- tjuart? wliicli lias appaicntly replaced previous matri.x; clear si/c break between sand 
aiul nu i i ix <)itari/: no i(Crysl:i!ll/aiioii ol sand. 
S-indv Vnnt-ixonc; l i i t i i and iip^Kjue saiid 2' '^; sand larj;cly floniing in calcite and dolomiic inteigroivth wiih alMiiit 
12' ,̂ unil'iiinlv di^iritniU't! knoliniie. 
I^>uan/. wacke; inairi \ larj;ely kaolinile, no curUinaic: traces of very fine-grained mica; pjiiial silicificaiiun of nuir ix ; 
quartz c b v ratio is ninsianl llirougii S|itL"initn; sand floating. 
Ihiloniite cenieni 22'_t ^'"J mica alxinl 5*'t,-

O j ^ p i c i u i d V'X\ cbloritc, mica, and graplillic (?) material 3 3 % . 

C-alcite cenicnl 15'."; , chloiiic 9^; . 

l-civ litliic (sli-ili) san<i yrains; dolomiic cement ~ 30%, locally replaced by silica; few % very fine-grained mica and 
k a o l i n i l e . 

.\Ibiti71d qi ianz arenite; mair i \ of albilc plus chlorite 2 5 % . 

.\Ibliizcd t)uarU arenite; matrix of lalc-cliloritc-albite 409^. 

O l c i t e ccnieni 3 3 % ; cliluriic plus mica 8/'cj-

I'ebblv quartz arenite, l()calty conglonicratc; 3 5 % angular dolomite cUsis, ma\innum length 2 cm in qiiaiiz arenite; 
slightly lavcitd in liands of sand iiamework and conglomerate ftamc\iork; carUmaic cement; quariz-carbonaie rc-
l i b c v m e n t . 
I>>>]it)iiiie ntjtrohrcccia and prhhl) ' laiidjtoof: doloniiie c b i i i l>ei»vrcn 5.0 and 0.( mm: quanz sand dJK^JbiitrJ iltrmjgh 
((•ck bill locally up lo 50*'^ of liiier-;;rjiind layers; matrix is finely crysiallinc dolomite and paicbes of chalcedony; 
locally quartz i fpbccd by iloloniiie: \\u quart/, grain stippoiied layers. 
Dolomite coii);loiner3ic; sujiixiritd by doliiiniie cJasis (55%.) up to 1.5 cm in lengili; quartz disirihiiiion uniform; 
s:iiul i-tains in ccmtni of coarsely crysialline <Ioloiniic: partial rejilacemcni of quartz by dotunuie. 
IVbblv qoariz-catlxinate sandstone; al>oiii 35%, clastic dolomite, particles in range 3 /5 to 0.01 cm, in length; altout 
3','i' chert sand: 25','i; cartxinaic ccniem. 
I>i.l<imiic Ci>ni;lonicraic; 6 0 % dolomiic jwbblcs as long as 10 cm; inierstiiial quartz sand largely grain supported, 
cement is coarse dolomite; local silicificaiiun of Julumiie clasis and matrix but little reaction of carbonate aihl quartz 
sand. 

, monimofilloniie, mica, dolomite 

2.1 70,6 Kaolinile 

.5 48.0 Kautiniie. munimurillunitc, dolomite 

1.1 66.6 Monimorilloniie, kaolinile, mica 

* Specimens from type area located 
by number on Plate I. 

' % = percentage by number, 
r = roundness on scale of 10 

in Krumbein and Mass (1963). 
f - equivalent weight ^J, from number 

frequency by transformation of 
Friedman (1958), 

w - weight percentage by screen 
analysis. 

^ — —/nj</where rf is long 
dimension in mm. 

* i'.quatiuns used in momeni calculations 
1 (mean) Y - 10~» Z ' / T i , 

2 ts ld. deviation) , - (10" ' ^ ' / ( V ' i - "^ ' ) ' ) ' ' ^ 

\-\ 
3 (skewness) a , - IO" ' 2 ' / ( J ' , - - " y ) V A 

i - i 
4 (kurtosis) o , - I 0 ~ ' 2*/ (> ' , • - y y / ^ , 

whcrey;- - % of sample in ith siie class interval, 
Yi = midjMiint of ith size class interval, 
.• - 1. 2 . 3 , . . . . ^ for it classes. 

I Lithology is quartz sandstone except where noied. 

!??i!I^l! 
U 

Im^^^'-^^WW^^m 
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visually irresolvahli; cl.-iy tlissciniiiaicd in carhonaie 
ccniL-ni. 

'I'alilc 1 givts a chemical analysis of quartz arenite 
ironi the tvpc area (Tahle 2). The mineral assemblage of 
this specimen is ijuarlzcalcilc-kaohnile. Recalculating 
the chemical analysis on the liasis of ideal com|>ositions 
of the modal minerals and eliminating components in 
small abundance ( I 'eO, EejOj, MgO, alkalis), 4.9 per­
cent kaolinile by volume is obtained and compares 
favorably w ith a 6 percent estimate by other means. This 
procedure gives 6S jKrceni quartz and 28 percent calcite 
compared to 65 |X-rccnt quartz -\- chert sand and 30 
percent calcite from thin section count. 

The abundance of kaolinite in largely unaltered sand­
stones from llie lyiK' area is niostl)- 5 to 10 percent and 
almost eniirelv in the range 0 to 15 ]X-rcent. Specimen 11 
from block III, however, is anomalous in containing 
about 50 percent kaolinile; the tpiariz grains are uni­
formly distributed in clay, and the rock is clearly a non-
sand supported quartz wacke. Even though kaolinite is 
the predominant mineral in sixcimen 11, a large grain-
size discontinuity exists between clay panicles and the 
smallest sand grains. 

At most localities oihcr than the type area, rocks of 
the Boyer Ranch Eormation have undergone posl-
diagcnctic changes due lo deformation and metasoma­
tism during healing by the gabbroic complex. Partial 
recrystallization of quartz sand grains is proportional to 
the tightness of folding of llie Boyer Ranch Formation. 
The deformed rocks also contain fine irregular blebs of 
quartz which ha\e replaced carbonate in tlic ground-
mass. . \ i some places, recrystallization has proceeded to 
the degree thai the rocks are quanzi tes , but more comr 
monly, it has only slightly altered the primary sand-size 
distribution. 

.\part from ostensibly isochcmical recrystallization 
by rcdistiil-iuiion of quartz, mctasomalism of the ground-
mass is w idespread in the i^over Kanch I-'ormation. The 
degree of chemical change is roughly proportional to 
proximity to contacts w-ith the gabbroic complex. The 

. most frequent mineral assemblage in mciastimaiized 
rocks isquartz-ialc-alhile-chloritc, but qiiartz-talc-albitc 
and quartz-albiic-chloriie also occur. The large change 
in composition is demonslraled by comparison of analy­
ses in Table 1. Talc-chlorite-albite occur as extremely 
fine inicrgrow-ths in the quartz sandstone matrix where 
they have replaced kaolinite and carbonate. Moreover, 
the ragged edges of some quartz grains suggest that 
quartz too is replaced by the metamorphic assemblage. 
In most rocks, hmvevcr, the replacement of quartz sand 
has not progressed to the degree that the original granu­
lometry of the quartz sand has been significantly 
changed. Metasomatic albite is generally in fine inter-
growths or veinleis of irregular grains smaller than 10 
microns which are invariably associated with talc or 
chloriie. Detrital plagioclase is clearly distinguished by 
its similarity in size and roundness to quartz sand grains. 

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

by co-deposition of carbonate clasts and (iiu- ^ ^ ,i^^ „̂ ^̂ ^ f̂ ,,,^ „ „ , „ ^̂  
sand m the conglomerate that quartz santl »j ^^„icsof the distributions an ; 
not matured in the local environment (HE ,„ncnis 1 to 4 (1 = mean gr.n 
which the lithic components were derived. Tb »iuiiiin, 3 = skewness, and 4 
majority of s;indstonesare grain supporteil.k «*«employed arc in the explami 
in rocks with total sand content Ixlow alw Knuiitlness distribution of san. 
55 percent, the silicate grains arc cillr *«nuiion was estimated by rdi 
uniformly distributed throughout a sirticiiri ^" '"^i" ^"^ Sloss (1963); the <l 

- - - - ; «i ihc mean roundness for gr;ii framework of carbonate or clay, or Iwlli, a ' .̂  
more rarely, the quartz sand is concentralcdt *• . . . • 
, . . - ' , . ' , , . 1 1 ^' 'I'c uncertainty in mean 
laminations which alternate with clay • carbonate-rich layers. The majority of sjnj 
stones thus is homogeneous calcareous qtur. 
arenite, but minor variants exist in the fid.l 
of quartz wackc and sandy limestone. The th". 
of Table 2 indicate that the mean grain .si/no 
the variants are among the finest of the forna 
tion. 

The original amount of carbonate sand ixw 
indistinguishable from the matrix in rockscill.-i 
sandy limestone is uncertain. The occurtcK 
of occasional definable carbonate sand grains ii iV;i specimens ilmsare fine-gm 
these rocks and of pebbly quartz calcarenilcii tinlard deviations of sere 
the conglomerate member of the Boyer Raiiij' ' • .̂  . i - . - - ; 
Formation suggests that sandy limestone nu 
have been grain-supported quartz-carboiu-^ "') fme-graincd sandstones ol I 

. The number of grains dilU i 

!V absence of roundness dala i 
Uie 2 indicates that the roiiii. 
•f-.ificantly changed by posldupn 

S\\ s|x-cimcns of Navajo San. 
tititins given in Table 2 wert: 

f^cihircs recommended by Ki 
I'lS). Moments 1 to 4 for boili 
imibiitions of these specimen 
trJD size of the screen distrilui 
t ax lies between 0.08 and 0.1 d i 
tt mean grain sizes of Navajn 
Itisch (1950), Gregory (195iii 

sandstones. 
The existence of quartz wacke indicates th; 

at least locally kaolinite was a clastic compont: 
co-deposited with quartz sand. Though quan 
sand in quartz wacke is very fine-grained, ii i 
as well sorted as sands in coarser quartz arcnili 
There is no evidence that the quartz sand frx 
tion occurring with abundant clay is any \n 
mature than sand with sparse clay. It woiAi 
appear that a low-velocity environment u.i 
able to transfer a finer quartz fraction to piacr 
where mud was depositing. The source of tli 
kaolinite is puzzling because subjacent Triass. 
pelites are illite-quartz-chlorite rocks. 

Granulometry. Grain size and roundi« 
distributions of quartz sand in various samjj: 
of the Boyer Ranch Formation are given i: 
Table 2. 

Because the sandstones are highly indurated, a 
distributions were obtained by measuring long dinw 
sions((/) in thin section; number frequency of sizcgijii 
in intervals oft^/4 where</> = —log-..i/(mm) are compiled^ 
Table 2. The number of points counted w-as 300 to Sft 
Granulometric properties of sandstones are usually o 
cuiated from mass frequencies of size grades as dcin 
mined by screen analysis, and screen and microsco,-! 
distributions are not directly comparable. We atlcm; 
to provide a qualitative calibration of size data fromii 
Boyer Ranch Formation by assessing the difference i 
values of various parameters obtained by microscope iii 
screen analyses for six specimens of Navajo Sandsitn 
which contain sands whose granulometric attributesi-

iliK-s indicate the s|x:cimens 
«ly well sorted. Moreover, tin 
•nfcof 0.35(^ to0.80i^ ihal Frii 
ulinil dunes, the environment :. 
cn fur deposition of much t.] 
ta example, Gregory, 1951): 
IW). 

Cadigan (1961) gave pL-rceni 
M, 95, 98) for size distribuiio! 
V-sozoic formaiions of the O ' . 
akiilaled moments 1 and 2 im 
ss probability paper using eqi . 
tl ilidsvs plots of mean r.-r.,-;. 
Ijiligan's sands which inchule • 
uni|ilcs logeiher with our six .\ 
Ilic Navajo Sandstone dala clti 
lie Navajo sands arc the besi 
fmirc 8b is an enlargement t.l 
lupicd by the Navajo Sandsim' 
•Jir |X)intsfor mean rersiis 5l:u\.' 
i) microscope analysis of our -
The microscope values lie vii 
tuiiivalent screen values, and i 
at slightly coarser grained an 
nKroscope ones. The compari 
liut llic difference is small itn 
wmicnts calculated from si/-
juss and numlx;r frequencie-
•ypc. 

.•\iicmpts were made to in. 
. i moments calculated for ih 
o/empirical linear transforiii. 
IWJb). Microsco[«: sizes (v) •. 
Irnl sieve sizes (,v) with llu 
M,S15, and moments of the î 

'Plf^-
hi 

'«SS '•^'^^ym^im'i?s^em 

^ ^ ^ 
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ate clasts and'ijiu.-.; 

ha t -quar tz s;iiul » 

is were derived. 'Iir 

grain supported, Itx 
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.;like those of the Hoycr Ranch Formation. The 
licsof the dislribuiions arc given by calculalion of 

e n v i r o n m t l l l I l i i 3 | ^ . , n i to 4 (1 = mean grain size, 2 = standard 

jriiin. 3 = skewness, and 4 = kurtosis); the eqiia-
••tm|iloyed arc in llie explanation of Table 2. 
LiaJncss distribiilion of sand in the Boyer Ranch 

iiiiin «as estimated by reference to the chart of 
Itcin •and Sloss (1963); the dala arc given in Table 

I itie mean roundness for grains in size iiilerv.als of 
11 llic number of grains differs in each size class such 

ihc unccrtainiv in mean value is not a constant. 
I- -Cl.H <r\.^ ilisencc of roundness data for some sixcimens in 

is exist in the firli 

limestone. The iL 

e mean grain .sizesr/ 

finest of the fotiiu 

carbonate sand i\irt 

natrix in rockscalW 

lin. T h e occtirrcrwt 

lonate sand grain* la 

]iiartz calcareniln* 

of the Boyer l i int i 

indy limestone iim 

d quartz-carlxnuti 

ivacke indicates ihr 

; a clastic componro* 

ind. Though quart} 

ry fine-grained, it t 

arser quar tz artniit 

he quar tz sand frk 

y environment u»> 

tz fra 

. T h e 

;e subjacent Triauj; 

irite rocks. 

size and roundnr* 

J in various sampJn 

lation are given ii 

on len t below al«w: 

grains are ciiU^ 

lughout a siriiciuf*' 

)r. clay, or boili, <r 

id is concentralrdjn 

late with 

; m a j o r i t y ol \.mj ._,̂  , indicates ihat the roundness distribution was 
IS c a l c a r e o u s i l i i j iu ^.f^jnlK-changed by postdeposiiional reactions. 

M specimens of Navajo Sandstone obtained from 
./iiins given in Table 2 were sciceiicti acciiriling lo 

rjtircs recommended by Krumbein anil I'cllijolm 
•*). .Moments 1 to 4 for both microscojic unil screen 

r,.-ibulions of these specimens arc in Table 2. ' Ihe 
• u size of the screen distribulions of Navajo Sand 

lies between 0.08 and 0.16 mm; this range includes 
I aican grain sizes of Navajo Sandstone studied by 
jrvh (1950), Gregory (1950), and Cadigan (1961). 
v ipeciniens thus are fine-grained quartz arenilcs. The 
xuliid deviations of screen distribulions of Navajo 
tiliiiincs in Table 2 are in the range 0.3Si^ to 0.77<^; 
ujtjlng to the sorting classification for medium- to 
•n finegrained sandstones of Friedman (1962a), these 
v ind ica t e the specimens are well sorted to moder-
.-1 «dl sorted. Moreover, they fall within the sorting 
i,Tofn.35t#iioO.SU<f>lhat Friedman (19(i2a) found for 
..^diincs, the environment ascribed by most authori-
1 fur deposition of much of the Navajo Sandstone 
a tuinple, Gregory, 1950; Kiersch, 1950; Stokes, 

•1). 
Ckligan (1961) gave percentile values (2, 5, 16, 50, 

lan t c l ay is any Ira • W, 98) for size distributions of various sands from 
larse c l a y . I t wtxiU »Moic formations of the Colorado plateau. We have 

^jhied moments 1 and 2 for plots of Cadigan's data 
"ract ion t o plact* •?"'l"l>''''y P^per using equations in Table 2. Figure 
b e sni i r rp f il». *'•'•<'"' plois of mean versus standard deviation for 

«!.;jn's sands which include seven Navajo Sandstone 
rples Kigciher with our six Navajo Sandstone samples. 

'».Vasajo Sandstone data cluster closely and show that 
•«.\']V3Jo sands are the best sorted of those measured. 
{-Jc 8b is an enlargement of the area in Figure Sa oc-
.-«J by the Navajo Sandstone points; it shows further 
-.,-,-flintsfor mean Z-CTJ-WJstandard de\ iai ion as obtained 

highly indurated, VB 
measuring long dimc» 
frequency of sizcgij4» 

rountcd was 300 lo ML 
dsiones are usiiallv ei 
jf size grades as dcio 
screen and microso^ 
iniparable. Wc atiemft 
:)n of size data from ilr 
-ssing the difTcreme • 
ined by microscope uJ 
s of Navajo Sanjsitm, 
ilometric at t t ibuicsa 

' ::icioscopc analysis of our Na\-;iio Sandstone samples. 
V microscope values lie within 0.2 to 0.3t> units of 
v^uk-nt screen values, and most of the screen values 

ilijhtly coarser grained and better sorted than the 
gj \mm) tec mpirii* ^,o^opg ones. The comparison in Figure 8b indicates 

•s. ihe difference is small for values of first and second 
orienis calculated from size distributions based on 

|-.<sjnd number frequencies for sands of the Navajo 

\iiempts were made to improve the correspondence 
i&mienis calculated for the t\s-o distributions by use 
• t.-apirical linear transformations of Friedman (1958, 
V'b). Microsco|>e sizes (JT) were convened to cquiva-
<a litvc sizes (y) with the relation y = 0.9027 x -[" 
*I5, and moments of the convened distribiilion were 

calculated. Alternatively, regression equations for 
moments 1 and 2 between microsco|)e and sieve analyses 
obtained by Friedman (1962b) with correlaiion coeffi­
cients of 0.99 and 0.79, resiJcctively, were employed to 
transform our number frequency moments to equivalent 
mass frequency moments. Figure 8b shows that neither 
method of moment transfotmaiion significantly improves 
the fits. 

Of the six Navajo Sandstone samples, four have small 
p<isitive skewness, one closely approaches a normal dis­
tribution, and one has a small negative skewness. The 
skewness values lie almost within Friedman's (1961) 
allowable range for dune sand ( > -0.28). The average 
deviation of skewness of the microscope disirilnition 
from that of the screen dislribiiiion is 0.21, anil the 
iiiaxiiiiiini devialion is 0.55. I'iguir ' ' shims llir pliM of 
skewness versus iiiiaii for our Navajii samples Inr biilli 
screen ami iiiicroscii|K.- ilisiribiiliiiii. The luti |«iiiil sris 
are nearly coexlensive and In- in a fiilil Aviiii li h'rii-tliiiaii 
(1961) showed lo be occupied al leasl in large pari by 
dune sands. 

In summary, values for moments I, 2, and 3 

of both screen and microscope distr ibutions of 

six samples of Navajo Sandstone do not differ 

strongly, and plots of mean size-standard 

deviat ion are in the same region as the points 

from the Navajo Sandstone distr ibutions of 

Cadigan (1961). Moreover , values of these 

moment s support t he widely held view that the 

Navajo Sandstone is largely eolian. 

T h e means {y) of the microscope distributions 

of specimens of Boyer Ranch Format ion in 

Tab le 2 are in the range 1.75 < 5'('^) < 3.6 or 

0.3 > y (mm) > 0.08. O f 23 specimens, 20 

have means finer than 2.5(^ (0.18 m m ) . 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 Format ion observed in the field. 

T h e standard deviations (.f) of the microscope 

distr ibutions are in the range, 0.49 < .$(0) < 

0.79 except ior one value of 0.93. Application 

of Fr iedman 's (1958, 1962b) conversions from 

microscope to equivalent screen distributions 

gives consistently lower values of standard 

deviation by up to 0.1<^, bu t generally less than 

0.06(^. Because the transformations increase 

deviat ion 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 Format ion . T h e Boyer 

R a n c h Format ion data cluster, except for two 

points , in a field which is virtually coextensive 

wi th Navajo Sandstone points from Table 2 

and from Cadigan (1961). T h e correspondence 

i^ 
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fig. 8b 

1 

Elements 1 and 2 of Navajo and Boyer 
h sands obtained by microscope analysis 

-ates that the distributions must be similar 
rast in the central regions. T h e correspon-
c would suggest further that the deviation 
veen number and mass distr ibution mo-
is for the Boyer Ranch sands should be 

like that of the Navajo sands. Thus , 
aenis from dilfcrent data under such coii-
Jits can be qualitatively compared, at least 
i first approximation. T h e values of s in 
.'e 2 suggest that the Boyer Ranch sands 
moderately well sorted according to the 

ification of Fr iedman (1962a). 
•kcwness values of the microscope distri-
a)ns of the Boyer Ranch Format ion are 
:itly small and positive; the maximum is 

Four ' negative skewness values are in 
jle 2, bu t three of them are > —0.1 and are 
-ually normal. T h e specimen with skewness 
1-0.55 is distinguished by being far more 
tiamorphosed than others; its matrix is 
npletely replaced by talc-chlorite-albite, and 

Irtial replacement of sand grains is strongly 
;ipect. Ostensibly, the fine quar tz particles 
raid likely have been replaced completely 
th that the metamorphism may have pro-
itd increasingly negatively skewed dtstri-
Lions, 
Figure 9 indicates that points of mean versus 

ovness for samples of the Boyer Ranch 
.-jnnation and the Navajo Sandstone occupy 

^^JDilar fields. T h e closeriess of the screen and 
Itcroscope values for the Navajo sands in 
j.^'ure 9 suggests that the field of microscope 

•Jucs for the Boyer Ranch Format ion may well 
.jroximate that representing screen analyses. 
!k correspondence of Boyer Ranch and Nava-
Bsands in Figures 8b and 9 indicate that the 
iilyzcd siind distributions are similar in bo th 
ic central regions and the tails. 
.\ final granulometric measure to be discussed 

I the riaundness distribution of the Boyer 
ianch sands which are in Table 2. T h e round-
zis value of both Boyer Ranch and Navajo 
iiids were estimated by the same operator by 
Miparison wi th charts of Krumbe in and Sloss 

I 1963). T h e roundness values are averages for 
;nins in <^/2 intervals. T h e results show in­

creasing roundness with grain size as is ap­
parent ly t rue for most sand populat ions 
(Pet t i john, 1957). The roundness distr ibutions 
of the Boyer Ranch and Navajo sands are 
generally similar. 

Judged by its sorting (standard deviat ion) , 
roundness distributions, and quar tz / fe ldspar 
ratio, s:indstone of the Boyer Ranch Ftjrmation 
is at least as mature as the Navajo Sandstone 
which, in turn, is among the most ma tu re of 
the sandstones of the Colorado Plateau. T h e 
similarity of the size distributions (Figs. 8 and 
9) of the samples of the two formations suggest, 
moreover, that the sands of the Boyer Kanch 
Format ion and Navajo Sandstone ma tu red 
under similar paleoenvironments since differ­
ences in the distribution moments are believed 
to reflect differences in the dynamic conditions 
under which sands approach equi l ibr ium 
(Friedman, 1967; Folk, 1966). T h e widely held 
view (Gregor%-, 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 
Fr iedman (1961, 1962a). T h o u g h the m o m e n t s 
by themselves do not allow a unique inter­
preta t ion that the Navajo Sandstone is a dune 
accumulate, they tend to eliminate a beach as 
an origin—the most likely compet i tor for 
conditions under which quar tz 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 distr ibut ions of 
Table 2 fall into their field of inland d u n e sands. 

T h e inference from the granulometry of the 
sands of the Boyer Ranch Format ion is that 
they reached their relatively ma tu re state 
under dune-forming conditions, like sands of 
the Navajo Sandstone. However , the restricted 
distr ibution of the formation, the prevalent 
planfe-parallel thin bedding, and the absence of 
current structures are surely not reflective of a 
l i thified.dune field. W e 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. 

58 
0 7 J I 

Figure 8. Plots of first (mean grain size) and second central (standard deviation of sorting coefficient) mo-
tcnts for size distributions of Navajo and other Colorado Plateau sands and Boyer Ranch Formation, (a) Moinents 
ulcubted from screen data from Cadigan (1961) and moments for screen analyses of Navajo Sandstone in Table 2. 
(I) Enlargement of part of Figure 8 (a) showing difference in plots for microscope and screen analyses and micro-
wope-to-scrcen transformations of Friedman (1958, 1962) for Navajo Sandstone samples; lines tie points for each 
umplc; compare with field of points from microscope analyses of Boyer Ranch Formation. 
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riic rocks which have been included in the 
.\cr Ranch Formation are chiefly fine-grained 
i sotted quartz sandstone of granulometric 
jrjctcristics similar to those of Navajo Sand-
nc. The sandstones of the Boyer Ranch 
rmation are spatially uniform at least to the 
.Jution allowed by metamorphism and 
;ormaiion such that they contain no indica-
a of the lithologic variability of subjacent 

>U In contrast, coarse materials, chiefly 
irlionaie granules and pebbles, in the lower 
rnikr vary in abundance with proximity 
massive carbonate rocks in subjacent sections. 
x lithic assemblage of the Boyer Ranch 
jTnation is unicjue in t'i'.e Mesozoic column 
llic Dixie Valley-Carson Sink region of 

nicrn Nevada except for, the existence of 
jriz sandstone and carbonate conglomerate 
tnmc intervals in the Upper Triassic Osobb 
itiiiation in Unit II in the southern Augusta 
'.iiiintains. 
It is uncertain whether the present exposures 
llie Boyer Ranch Formation are remn.ir\ts of 
once-continuous sheet or, at the other 

= Micme, whether the formation was deposited 
'% .j'a scries of discrete troughs. In the Clan Alpine 
C llmintains at least, some evidence suggests that 

; • single depositional basin existed, its eastern 
I .gin was irregular. Near Hoyt Canyon the 
mivcment of allochthonousTriassic rocks into 
!*ic Boyer Ranch basin ostensibly during 
cposition of quartz sand argues for non-
iiiform topography. More specifically, the 
iiist likely source of the allochthon is within a 

" .2 c. -w miles north of its present position such that 
topographic high may have separated sites of 

k-jxisition of the Boyer Ranch Formation near 
iloyt Canyon and the type area. The accumula-
;ion of basal conglomerate in the trough of a 
i\-ncline in the type area, moreover, is sugges­
tive of an irregular area of deposition. 
j It is inferred that the original extent of the 
Boyer Ranch Formation was not far greater 
llian its present distribution. The outcrops of 
of the Boyer Ranch Formation are apparently 
test rioted to an area underlain by a Mesozoic 
terrane (units I and III) whose stratigraphic 
nd structural attributes differ from those of the 
Mesozoic terrane (unit II) to the north and east, 
riie tectonic evolution of the subjacent rocks 
is believed to have played a key role in the 
arigin of the Boyer Ranch Formation such that 
ihc absence of the formation from areas under-
ain by unit II suggests that conditions there 

were not appropriate for deposition of the 
Boyer Ranch Formation. Further, if the Boyer 
Ranch Formation is correctly correlated with 
the gypsum-carbonate deposits in the West 
Humboldt Range, the Boyer Ranch Formation 
could not have extended far to the west of its 
outcrop area. South of the area of Figure 2, 
quartz sandstone believed to be correlative 
with the Boyer Ranch Formation occurs in 
units dominated by other lithologies; though 
the available clastic components during deposi­
tion of these units were more variable than in 
the Boyer Ranch basin, the tectonic history of 
preceding rocks was largely similar. 

The maximum age of the Boyer Ranch 
Formation is late Late Triassic as indicated by 
the age of the youngest dated rocks in sections 
on which the Boyer Ranch Formation lies 
unconformably. A more accurate maximum age 
is the time of uplift and erosion when the basal 
unconformity was created. In western part of 
its outcrop area, the Boyer Ranch Formation 
was deposited after partial erosion of Early 
Jurassic marine rockswhichareat least as young 
as Sinemurian; by extrapolation over 10. miles, 
they are as young as Toarcian (late Early 
Jurassic). A minimum age in the Bathonian 
stage (late Middle Jurassic) for the Boyer Ranch 
Formation is supplied by the gabbroic complex 
whose radiometric ages indicate it is Middle 
Jurassic. The probable continuity of deposition 
between the Boyer Ranch Formation and 
coniv-rmably overlying volcanic rocks which 
are co-magmatic with the gabbro implies that 
the Boyer Ranch Formation is Bajocian or 
Ba,'.Ionian. If continuity is not assumed, the 
age of the formation is most likely within the 
interval, Toarcian to Bathonian. 

The stratigraphic position of the Boyer 
Ranch Formation indicates that the formation 

•cords the last deposition of terrigenous 
.naterials in the Dixie Valley region before 
withdrawal of the Mesozoic sea due to orogenic 
uplift. The superjacent volcanic rocks, which 
are probably marine in part, are co-extensive 
and co-deformed with the Boyer Ranch 
Formation; the volcanic rocks thus inherited 
or more probably, appropriated the Boyer 
Ranch depositional basin before the basin was 
finally destroyed tectonically. 

The bedding in the Boyer Ranch Formation 
is indicative of deposition in a low-velocity 
aqueous medium. The existence of slightly 
earlier marine deposits below the Boyer Ranch 
Formation and the proximity of probably 
contemporaneous marine deposits to the west 
in the West Humboldt Range suggest the water 

u 
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was most likely marine. T h e co-deposition of 
quar tz .sand with highly immature clastic com­
ponents of clearly local derivation and the 
paucity of current s tructures in the Boyer 
Ranch Format ion indicate the qua r t z sand did 
not mature under the conditions in which it was 
deposited. T h e occurrence of pebbly sandstone 
near the bo t tom of the basal conglomerate 
indicates that at least some sand was present at 
the onset of deposition of the Boyer Ranch 
Format ion. Relations between the upper and 
lower member imply that the qua r t z sand large­
ly entered the basin from outside sources, 
ostensibly from the shoreward side of the basin, 
during deposition of the formation. 

T h e s:ind must have evolved as a ma tu re 
sediment in a different envi ronment and must 
then have been transported as such to the 
depositional basin of the Boyer Ranch Forma­
tion. T h e quar tz sand distr ibution 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 envi ronment is widely agreed 
upon for Navajo Sandstone (for example, 
Kiersch, 1950; Gregory , 1950; Stokes, 1963), 
and the correspondence for the Navajo streng­
thens the genetic interpreta t ion of the Boyer 
Ranch sand. Thus , it would ' seem tha t sand 
which matured in a dune-producing environ­
ment reached a state of final deposition in fairly 
quiet water. T h e possibilities are that the Boyer 
Ranch sand either was largely transported from 
a Jurassic dune field to the site of deposition or 
was derived from an older sandstone which is a 
dune accumulate. 

In the following- paragraphs, we a t t emp t to 
outline a conceptual model of events leading 
to the present na ture of the Boyer Ranch 
Forrnation. T h e youngest rocks in the terrane 
which underlies the Boyer Ranch Format ion 
are interpreted as near-shore marine deposits. 
T h e y most likely record a southwcstward or 
westward regression of the shoreline across the 
Boyer Ranch outcrop area from latest Norian 
through Toarcian t ime; al ternatively, it is pos­
sible that the shoreline maintained a steady 
position to the nor th and east of that area well 
into the Ear ly 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 Format ion 
was to be deposited. T h e surface is envisioned 

I . 

I I I 

to have been l i t tered with coarse debris wbc «,ol«bly the Navajo I 
undcdain by massive carbonate rocks and »ivc action at t h e s h ( ) | 
have been overlain at least locally by contc ^ further westwartl i 
trations of qua r t z sand. Continued fold: f j^ sands thus remai: 
produced synclinal downwarps of sufficio cwilintied subaerial 
ampli tude to invite the sea which lay lob nJian saltation. When 
west to re-invade par t of its former basin. C »,,p's of sufficient ai 
the seaward half of the transgressed zone, bai irinvasion of the sea 
algal limestone was deposited, whereas in ll'«, units 1 and III , i 
shoreward part where underlying rocks t cyjf( water in wlii< I 
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principally along trough hinges. Quartz ai ,rt,uj,|,s and the pn>: 
accumulated concomitantly with the pcbW ,flo;ved easy migraiio 
in the shoreward zone, but was not deposiu ^^pj i,i x.he t roughs 
on the seaward side until the limestone dcpo jravilalional equilib 
tion was near completion. T h e stratigrap! 
of the Boyer Ranch Formation, however, ii 
dicates that the sand must have continued i 
be supplied from sources outside the Bw fjJijan R A I'Jfil 
Ranch basin dur ing its deposition. It is cm grain-size distrilu 
sioned that to the west, farther offshore, ti rado Plateau sciin 
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Middle Jurassic or later time. 
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