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Abstract:

A thick sequence of Archean metasedimentary rocks is exposed along the southwestern margin of the
Beartooth Mountains, Montana.Rock types include quartz-biotite schist, biotite schist,
biotite-garnet-staurolite-andalusite schist, iron formation (hornblende-cummingtonite-garnet schist),
and dacitic metavolcanic rocks (quartz-muscovite-plagioclase schist). Preliminary chronologic data
indicate an age of at least 3200 Ma for these racks (Paul Mueller, pers. comm.). The entire belt is
metamorphosed from greenschist to middle amphibolite facies. Peak metamorphic conditions occurred
at 550 degrees C and less than 3.8 kilobars. The entire rock package has experienced at least two
periods of structural deformation. Early isoclinal folds (F1) are coincident with peak metamorphism
(M1). Later open folds (F2) are superimposed on earlier structures. Primary sedimentary structures
such as horizontal lamination, graded bedding, cross bedding, wavy bedding, and cut and fill structures
are preserved. Analysis of sedimentary structures suggests that the rocks were originally deposited by
turbidity currents in an environment similar to the midfan portion of a submarine fan. These data
suggest deposition along an active continental margin; geochemical data indicates a provenance with
sediment input from at least two different sources, one mafic and one felsic. These rocks are chemically
unique in the northern Wyoming Province and were not derived from the adjacent Beartooth
Mountains. A chronologically and chemically compatible source terrane has not been identified. The
rocks are petrographically and chemically similar to early Archean greenstone belt sediments such as
the Fig Tree group of Eriksson (1980). Similar rocks are exposed in central Wyoming (Condie, 1967).
The style of metamorphism and deformation is sufficiently different from the surrounding region to
classify these rocks as a distinct terrane. Previous work in the region has suggested the possibility of an
Archean continental margin along the western edge of the Beartooth mountains (Wooden et al., in
press). If this is the case then the metasedimentary rocks of the South Snowy Block could have been
tectonically emplaced along this margin.
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ABSTRACT

A thick seguence of Archean metasedimentary rocks is
exposed along the southwestern margin of the Beartooth
Mountains, Montana.Rock types include guartz-biotite schist,
biotite schist, biotite-garnet-staurolite—-andalusite schist,
iron formation (hornblende-cummingtonite—garnet schist), and
dacitic metavolcanic rocks (quartz-muscovite-plagioclase
schist). Preliminary chronologic data indicate an age of at
least 3200 Ma for these rocks (Paul Mueller, pers. comm.).
The entire belt is metamorphosed from greenschist to middle
amphibolite facies. Peak metamorphic conditions occurred at
550 degrees C and less tham 3.8 kilobars. The entire rock
package has experienced at least two periods of structural
defarmation. Early isoclinal folds (F.) are coincident with
peak metamorphism M.d. Later open folds (Fz) are
superimposed on earlier structures. Primary sedimentary
structures such as horizontal lamination, graded bedding,
cross bedding, wavy bedding, and cut and fill structures are
preserved. Analysis of sedimentary structures suggests that
the rocks were originally deposited by turbidity currents in

an environment similar to the midfan portion of a submarine

Fan. These data suggest deposition along an active
continental margin; geochemical data indicates a provenance
with sediment input from at least two different sources, one
mafic and one felsic. These rocks are chemically unique in
the northern Wyoming Province and were not derived from the
adjacent Beartooth Mountains. A chronologically and
chemically compatible source terrane has not been
identified. The rocks are petrographically and chemically
similar to early Archean greenstone belt sediments such as
the Fig Tree group of Eriksson (1880). Similar rocks are
exposed in central Wyoming (Condie, 13967). The style of
metamorphism and deformation is sufficiently different Ffrom
the surrounding region to classify these rocks.as a distinct

terrane. Previous work in the region has suggested the
possibility of an Archean continental margin along the
‘'western edge of the Beartooth mountains (Wooden et al., in’
press). If this .is the case then the metasedimentary rocks . .
of the South Snowy Block could have been _tectonically:

emplaced along this margin.
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Previous research on Archean rocks i1n the South Snowy
Block in general has been limited to a regional study along
the southern margin of the block (Casella et al, 1888). In
addition," specific projects concentrated on the gold
mineralization in the Jardine area (Seager, lé&&, Hallager,
19803 and surface geology of the Gardiner Quadrangle (Fraser
et al, 1969J.

This study examines metasedimentapg rocks from the
central part of the belt (Figure 2). The systematic
evaluation of the sedimentology and geochemistry presented
here suggests that the metasedimentérg package was derived
from a combinatiop of mafic and Eelsié sources. The
provenance, style of metamorphism, and style of deformation
suggest that the entire metasedimentary package was

tectonically emplaced in the late Archean.




GENERAL GEDLOGY

Archean metamorphic and ignecus rocks of the South Snowy
Blcck are for the most part covered by Eocene volcanic rocks
and surficial deposits. Only along the southern margin of
the block ére Archean rocks well exposed. The
metasedimentary sequence is bordered on the east by an
Archean batholithic complex (Casella et al, 13982) consisitng
of an early quartz-hornblende diorite and younger tonalites
and granites (Wooden et al., in press). The minimum age of
the metasedimenﬁarg rocks is constrained by ages E;cm
several of these. plutohs. The Crevice graﬁite, which
intrudes the central part of the belt, is dated at 2,620 Ma
to 2,730 Ma by Rb/Sr and K/Ar methods (Brookins, 1968).
These data are supported by a Rb/Sr model age on muééﬁvite
of 2,740 * 30 Ma for the Hellroaring Mountain stock (wocdgn
et al., 1882). A U-Pb zircon age analysis suggests an age of
2,730 to 2,790 Ma for a biotite granodiorite that‘ intrudes
the eastern part of the metasedimentary belt (Montgomery,
1882>. In the northern and southern portions of the area,
these metasedimentary rocks are covered by Eoccene voleanic
rocks. To the west, the belt is terminated by a ductile
shear zone in tﬁe Yankee Jim Canyon area (Burnham, 1880).
The southwest corner is truncated by the‘Gardiner Fault, a
high angle reverse Ffault of Laramide age FFraser‘ et al,

1869).
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METASEDIMENTARRY ROCKS

Metasedimentary rocks are the oldest lithologic units in

the study area. These rocks are metamorphosed from the upper
greenschist to middle amphibolite facies with metamorphic
grade increasing to the east. A metamorphic foliation
defined by parallel alignment of biotite and chlorite is
present throughout the region, and is locally very
pronounced.

Rock types in the study area include gquartz-hiotite

schist, biotite schist, biotite-staurolite-andalusite
schist, garnet-bhiotite-chlorite schist, iron Formation
(both silicate and oxide Facies), quartzite

metaconglomerate, and felsic metavolcanic rocks (quartz-
muscovite-plagioclase schist). Each of these lithologies is
described " in terms of its field appearanée and petrography.
Selected samples are analyzed for major and trace element
geochemistry. For a complete description of analytical

methods and listing of data refer to ﬁppendices A and B.

Quartz-Biotite Schist

Quartz-biotite schist is the dominant lithology in the
region. .In outcrop the rocks are light grey to medium brown
in color. Bedding is well exposed in many locations and is
defined by abrupt changes in grain size and texture.
Individual beds are 5.0 to 25.0 centimeters £hick and

sedimentary textures and structures such .as grading, cross




bedding, and cut and f£ill structures are often preserved.
The rock is poorly sorted and is composea of detrital quartz
and feldspar grains set in a matrix of quartz, biotite, and
chlorite.

Two wvarieties of detrital quartz grains are present.

Monocrystalline quartz grains are the most abundant, and

commonly exhibit undulose extinction (Figure 3). Individual

monocrystalline quartz grains range in size from 0.1 to 2.0
millimeters and are subrounded to subangular.
Polycrystalline quartz grains tend toc be slightly larger,
have sutured grain boundaries, and are commonly fractured
(Figure 4). Individual polycrystalline quartz grains are 1.0
to 2.0 millimeters in size and are subrounded toc subangular
A gradation between the two types exists. Both varieties of
quartz grains are flattened and elonéated in the plane of
the foli;tion. B
Plagioclase pccurs as subrounded detrital grains from
0.5 to 2.0 millimeters in diameter and contain abundant
quartz inclusions (Figure 5). Original grain ﬁoundaries and

igneous textures such as oscillatory =zoning and albite

twinning are preserved despite metamorphic
recrystallization. Compositions determined by optical
(Michel-lLevy) methods range from Anza-Ans,. Plagioclase

grains are also aligned and flattened in the plane of the

foliation.
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Porphyroblasts of garnet and staurolite are common in

samples from the eastern portion of the area where
metamorphic grade is above the staurolite isograd. Garnet

porphyroblasts are euhedral and contain inclusions of quartz

and biotite. Staurclite is subhedral and has inclusions of
quartz,
Accessory minerals include tourmaline, apatite, zircon,

and magnetite. Zircons are subhedral, show stféng pleochroic
halos in biotite, and lack visible metamorphic govergrowths.
Under plane light the tourmalines typically have deep blue,
rounded cares surrounded by ; euhedral yellow—-green
overgrowths. The blue cores may be part of the detrital
population, suggesting that tourmaline was present in the
source area.

The most common sedimentary feature 1s compositional
layering. Individual layers are 0.5 to 50 centimeters thick.
Graded bedding is typically well developed in the coarser-—
grained units. In individual graded heds biotite content
increases towards the top with a corresponding decrease in
detrital quartz and plagicclase. Single graded beds are 2.0
centimeters to 25.0 centimeters thick. Low angle cross
stratification, ripple cross stratification, and wavy
bedding are well developed in the Ffiner g;ained units
(Figures 7 and B). Possible rip up clasts are also present

(Figure 82. A channel scour filled with conglomerate is

present in an outcrop in the central part of the study area
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FeO, and MgO =&all qecrease with increasing Si0x. The Cal
diétribution is erratic ana’does not correlate with any
chserved petrolggic fFeatures. The increase in® NazD- with
increasing Si0x is related to abundant defrltal plagioclase
in the coarser—grained rocks and possibly to diagenetic
albitization of feldspar (e.g; Boles, 15823. The increase in
K0 with decreasing SiOz is related té an increase in the
relative porportion of matrix material (biotitel) in the
fFiner grained rocks. When compared to other Archean
metagreywackes (Table 2) the South Snowy Block éregwackes
are unique 1in tﬁeir 'lcm CaD (<2%) content énd ~ high
Kw0:Nax0 ratio Cﬁp to 2.7). Concentrations of Fel and ‘MgD
are slightly elevated and S5i0=, Alz0s, Naz0 and K;D are all
close to average. The Squth Snowy Block greywackes qontain
high concentrations of trace elements, particularlg the
transitian metals. Concentratiﬁns .of 2n, Ni,and U are
between 50 and 100 ppm and Mn, Cr, and Ba are all bhetween

300 and 400 ppm (Table 1)J.
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A metamorphic foliation (F,) is pervasive and is defined
by parallel alignment of biotite and chlorite laths. An
incipient second foliation (Fz) is visible in thin section
and is defined by alignment of secondary biotite in a

crenulation space cleavage. Two distinct generations of
bioctite and chlorite Qrowth are present. The primary bictite
is elongate and the secondary biotite is blocky and
crosscuts the F, foliation.

Porphyroblasts of garnet range from 0.5 to 2.0
millimeters in diameter. Syn-kinematic garnets contain S-
shaped trains of inclusions. Post-kinematic garnets
contain linear inclusions which are parallel to, and
helicitically overgrow, the F, foliatiom. Inclusions consist
of gquartz, biotite, and chlorite with minor tourmaline.

Staurclite porphyroblasts are 0.1 to 3.0 millimeters in
size and contain abundant inclusions of gquartz, chlorite,
biotite, and garnet. Most of the staurclite grew p?ior to
deformation, but some is syn—-kinematic as evidenced by S-
shaped inclusion trains.

Andalusite porphyroblasts are 5.0 to 10.0 millimeters in
size. In most cases andalusite has undergone retrogade
metamorphism to Fform muscovite with retention of the
original porphyroblastic form. Most of the andalusite
crystals are rotated in the plane'of the fFoliation.

The fine grain size, abundance of micas, and metamorphic

mineral assemblages in the biotite schist suggest that it
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was originally deposited as muds. Complete major and trace
element chemistry for these rocks is given in Table 1.
Compared to the greywacke , the mudstone is enriched in
Al=0., FeO, MgO, and Kz0 and depletedlin Cal and Naz0. The
Kz0:Nan0 ratioc (up to 4.4) is higher as is the total Fed+MgD
content C(up to 16.06). Compared to other Archean mudstones
(Table 33, the South Snowy Block mudstones have a depletion
in Cal0 and a relatively high KazD:Na=0 ratioc. 0Overall
distribution of major elements is quitel similar . to the
greywacke, although quartz content is lower. Trace element
" data (Table 1) show concentrations of Cr, Ni, 2Zn, Co, V and
Ba slightly higher than those in the greywackes.

Rare earth element geochemistry of two bictite schist
samples is presented in Figﬁre 13. Both sahples are LREE
enriched. La/Yb ratios are 2.4 and 8.8. Sample B85S30 has a
negative Eu anomaly with a Eu/Eu* value of 0.77. Sample BS36
has a slight positive Eu anomaly with a‘ Eu/Eu®* value of
1.08. These two samples define a wide range of REE wvalues
which probably reflects contributions from moré than one
source. Sample B530 is very similar to the metagreywacke
and may have been derived from the same area.  Sample 8536
has a distiﬁct mafic REE signature characterized by low

La/Yb and low total REE abundance.
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Iron Formation

Iron formation occurs throughout the study area in
discontinuous outcrops 1-10 meters thick. Several distinct
horizons exist and tentative correlations can be made up to
1 kilometer along strike. Individual horizons are usually
surrounded by a halog of garnet-chlorite schist or garnet-
chlorite-biotite schist.

Both silicate and oxide facies of iron formation are
present and are most abundant in the western part of the
study area. The silicate facies iron formation is a massive
hornblende-quartz-cummingtonite-garnet rock that is 1 to 2
meters thick in outcrop. Cummingtonite occcurs as thin laths,
bow tie shaped crystals, and as radiating aggregatgs of
crystals'. Cummingtonite crystals are qften, rimmed by
grunerite. Hornblende occurs as elongate laths and is
commonly replaced by biotite. Porphyroblasts of garnet up to
1 centimeter in diameter are common and contain inclusions

of guartz, hornblende, and cummingtonite. The foliation is

defined by parallel orientation of hornblende and
cummingtonite.,
Oxide Ffacies iron formation is a thinly-laminated

hornblende—-cummingtonite-quartz rock with up to 20 percent
magnetite and commonly 1 to 3 percent pyrrhotite.
Alternating 1layers of hornblende-cummingtonite and quartz
are 25-50 millimeters thick. Magnetite is disseminated

throughout the rock.
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In the surrounding garnet-chlorite schist there are
three morphologies of garnet. Pre-tectonic garnets have
linear inclusions and have been rotated Qith respect to each
other. Syntectonic garnets hava‘a snowball texture and S-
shaped inclusians. Post-tectonic pgarnets helicitically
overgrow the existing foliation.

Table 4. Major element geochemistry of Wyoming Province iron

Formations. Data presented are weight percent of
oxides. )

SiO0 56.89 50.8 48.1 47.6 4.2 45.5
Ti0= 0.368 0.28 0.2 0.3 nd 0.06
Al=0- B.49 6.39 4.46 7.15 3.85 1.80
Fe=0» 25.8 36.6 39.% 35.6 47.8 45.1
Mnad 0.16 0.2 0.186 0.2 0.08 O0O.64
MgO .85 3.55 3.53 2.36 .80 3.82
Ca0o .61 3.6 4.38 6.2¢ 1.31 3.01
Na=0 0.51 0.71 0.24¢ 0.62 11l.22 0.34
K=0 c.22 0.6 0.08 O0.1% 0.36 0.07
Total 101.8 102.5 100.5 100.2 101.6 100.7

tTotal iron as Fe203

1-4. South Snowy Block Iron Formation {Casella ét al,1982).

5. Dxide Iron Formation, South Pass, Wyoming (Pride and Hagner, 1972},
6. Silicate Iron Formation, Montana {Ionega and Klein, 1974).

Compared to other iron formations from the Wyoming
Province (Table 4), the South Snowy Block iron formations
are enriched in Si0z, TiO=z=, Alz0s, and Cab and depleted in
total Fe. They also have high Cr, Ni, U, Ba, and Co contents
which is consistent with the enrichment of these elements in
the clast;c{ metasedimentary rocks (Table 1). Rate earth

element concenfrations are illustrated in Figure 6. The
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METAUOLCANIC ROCKS

Felsic metavolcanic rocks are interbedded with the
metasedimentary rocks in the central part of the study area.
They FfFform distinctive white to orange~tén outcrops 1-3
meters thick. Although they seem to be concordant with
bedding in the metasedimentary units, close examination
reveals local discordances of 2-5 degrees along ,strike.
Seven horizons are identified within the study area although
seme of these may represent structural repetition. These
rocks have not been previously documented in the area and
are interpreted to be either porphyritic sills or tuff
deposits. These rocks have a pronounced foliation defined by
crude alignment of micas and elongation of phenocrysts. The
texture 1is paorphyritic mith“plagioclase phenocrysts in a
groundmass of quartz and white mica.

Plagioclase phenocrysts are 1.0 to 3.0 millimeters in
size and are commonly twinned and zoned. Some of the
phenocrysts are aggregates of several smaller crystals and
quartz. Optical determinations on zoned crystals by the
Michel-lLevy method show a variation from Anwme in the cores
to Anax along the rims. The aggregates of crystals are not
zoned and resemble the lithic fFragments observed in the
quartz-biotite schist. Alteration of plagicclase to sericite
is common. The phenccrusts are often rotated in the

foliation.
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The groundmass consists of fine grained, grancblastic

quartz, small laths of white mica (muscovite?), and minor
biotite. Small euhedral plagioclase crystals are also
present. Some of the laths of white mica are bent and

kinked. The only retrograde mineral present is chlorite
which does not grow in the plane of the foliation.
Porphyroblasts of staurolite with inclusions of quartz are a
minor phase.

The high Si0= content, low concentrations of FeO and MgQ,
and low Kz0:Naz=0 ratio (Table 5) indicate that the feldspar
porphyry is dacitic in composition. Normative mineralogy
suggests that it is compositionally similar tgrtrondhjemita
(after Barker, 19739; Figure 15).

Table 5. Major element geochemistry of metavolcanic rocks

and common igneous rocks. Data presented are weight
precent of oxides.

1 2 3 4 =1

SiO= 72.9 73.3 70.88 71.8 62.6
TiO: 0.14 0.14 0.49 0.28 0.74
AlzOx 15.5 15.4 14.28 15.5 16.8
FeO 1.45 0.94 2.36 e.1 5.57
Mn0O 0.02 <0.01 0.10 - -
MgO <0.5 <0.5 0.87 0.81 2.85
Ca0 1.67 1.3 3.8 £.94 5.53
Na=0 S.4 5.59 5.17 4.956 3.70
K=0 0.8+ 0.87 0.B0 1.52 =2.10
Cr=0x 0.02 <0.01 -~ - -
L.0I 0.83 0.98 1.20 - -
K=0:Na=0 0.16 0.17 0.15 0.30 0.56
Total 98 .87 99.16 99.84 100.02 93.89

1-2, Feldspar Porphyry (this study).

3. Dacite {Ewart, 1979).,

4. Average Trondhjemite {McGregor, 1979),
5. Average Tonalite (LeMaitre, 1974).
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PLUTONIC ROCKS

The centfal part o©of the belt contains the Crevice
Mountain stock. The contact along the margin of the stock
is sharp and there is little alteration of the surrounding
metasedimentary units,

The rock is a weakly to non-foliated, biotite-muscovite
quartz monzonite with an equigranular texturé. Quartz,
plagioclase, and microcline are present in equal amounts.
Biotite and muscovite comprise 5-10% of the rock. Quartz
occurs as large subhedral grains and commonlg‘ exhibits
undulose extinction. Plagioclase (Anzoe-z=) oCCurs as large
anhedral grains and as small granular crystals. Microcline
is present as large perthitic crystals. ﬁgrmekite is comman
where microcline invades plagioclase grains. Both biotite
and muscovite occur as small laths and aggregates of laths.
Muscovite commonly cuts écross biotite.

The metasedimentary sequence is alsc cut by several
diabase dikes. Two varieties are present. The first is a
Fine—grained hornblende—-plagicclase rock that is Foliated.
The second is a hornblende-plagioclase rock with very large
(up to 3 centimeters) plagioclase phenocrysts. This rock is
also foliated, but more weakly. Similar dike rocks occur

throughout the Beartooth Mountains (Wooden, 1375).
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METAMORPHIC GRADE

Biotite and chlorite are present throughout the
metasedimentary package and place the minimum metamarphic
grade in the middle greenschist facies. The lowest grade
assemblages‘ are found in the west-central part of the belt.
Assuming the presence of primary muscaovite, staurclite is

produced by the fFollowing reactions:

(1) chlorite + muscovite =

staurolite + biotite + quartz + H=0

(2) chlorite + muscaovite + almandine =

staurolite + bhiotite + gquartz + Hz0

The discontinuous reaction diagnostic of medium grade

metamorphism in these rocks is:

chlorite + staurolite + muscovite + guartz =

Al=Sils + biotite +H=z0

This reaction breaks the staurclite-chlorite join of an AFM
diagram and permits coexistence of Al=Si0s + biotite

(Thompson and Norton, 1868; Winkler, 1373) (Figure 16).
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STRUCTURE

The metasedimentary rocks strike N to NE and dip between
33 and 80 degrees to the E and SE. A strong regional
Foliation (S.3) defined by alignment of micas is generally
parallel to observed bedding (So). Axial planas of small
scale 1isoclinal folds (F,) are parallel tao the regional
Foliation and plunge 70-B0 degrees to the north. Microscopic
F. isoclinal folds have strongly attenuated limbs. The F,
isoclinal folds are deformed by Fx open folds. These trend
NE and plunge 10-50 degrees to the NE, F» folds are well
developed in less compétent aicaceous units and are rarely
observed in the massive guartz-rich units. Kink bands and
chevraon Eoids are also common in the more micaceous units
and are probably related to Fz since the trend and plunge of
their hingelines 1is the samé. Graded beds and bedding-
cleavage relationships are evidence of overturned folds
along Bear Creek (Casella, et al., 1882). Bedding-cleavage
relationships are onlg'visible in the more micaceous rocks
and are not developed in the massive units. ‘

Structural data collected in this study is presented in
Figure 18. These data were collected in the central part of
the belt between Crevice Creek and Cottonwood Creek (see
Figure 2) and are consistent with previocus work in the same
general area (Casella et al., 1882). In the . west-central

part of the belt near Jardine (Figure 2), the proportion of
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fine grained micaceous units increases and deformation
becomes more intense. Hallager (189803 recognized F.
isoclinal folds and two later sets of open folds, one (Fz)

striking NW and the other (F=x) striking NE. The F3 folds of

Hallager (13880) are interpreted here as F2 folds (see Figure
18). NW trending open folds (Fx) are not observed in the
eastern part of the belt but theg are known to exist in the
Jardine area (John Cuthill, pers. comm.). Prior wocrk based
on mapping in the Crevice Mountain area (Figure 2) (Brox aﬁd
Cavalero,. 1875) also indicates F.: isoclinal folds deformed
by NE trending Fz open folds.

A working model of the structural evolution of the
metasedimentary belt based on both previous (Brox and
Cavalero, 1875; Hallager, 1880) and current work at Jardiné
{John Cuthill, pers. comm.) consists of an early period of N
to NE trending isoclinal folding (F;) followed by coaxial
open folding (Fx). Finally, a gentle west—nqrthwest trending
Flexure (Fx) warped the region. The Fz open folds are not
recognized in the eastern part of the belt perhaps related
to the competent nature of the rocks.

The Ffirst deformational event D1 was characterized by
isoclinal Folding accompanied by growth of the peak
metamorphic mineral assemblage. Syn-kinematic growth of
porphyraoblasts demonstrates that Ffolding and prograde
metamorphism were coeval. The D= event produced F: folds, an

incipient S.: foliation, and retrograde mineral assemblages.
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ENUIRONMENT OF DEPOSITION

The structural history of the metasedimentary package
suggests that the entire section may have been substantially
thickened and in many places o;erturned by isoclinal folding
during the D1 event. This makes étratigraphic correlation
tenuous and requires that any médels of depositional
environment be interpreted on a regional scale . of gross
lithologic packages. _

Sedimentologic and stratigraphic evidence suggest that
the South Snowy Block greywacke (quartz-biotite schist) and
mudstone (biotite schist) uwere originally deposited by
turbidity currents, As stated eariier, the subarkosic
sandstone units contain up to 29 percent matrix. Much of the
matrix may have been derived From the break&own of mafic
rock fragments during diagenesis (e.qg. Kuenen, ’1855). The
sandstones are poorly sorted and commonly are normally-
graded. The presence of graded beds implies rapid
deposition of sediment From . turbulent suspension. Forﬁation
of graded beds by turbiditg currents has been demqns;rated
in Flume experiments (Kuenen and Migliocrini, 1350).

Stratigraphic evidence alsoc supports deposition by
turbidity currents. Partial Bouma sequences (Bouma, 1962)
are preserved throughout the metasedimentary package and are
most common in the coarser grained units. A typical vertical

sequence observed in the field consists of a lower unit of
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massive normally graded sandstone 5 to 50 centimeters thick.
The massive sandstone 1is locally overlain by a 1 to 3
centimeter thick layer of finer grained horizontally
laminated sandstone. Above this a ripple laminated siltstone
1 to 2 centimeters thick is wusually present. Completing the
sequence 1is an upper unit of siltstone or mudstone which
lacks any sedimentary structures. This lithologic sequence
is repeated many times throughout the sedimentary package
and although these fepetitions may be structural, they
closely resemble the ABCE and ACE sequences described by
Bouma (Bouma, 1962>. If so, the massive A units would have
been deposited rapidly from suspension. As the turbidity
current decelerated deposition under upper plane bead
conditions resulted in horizontally laminated‘sana. Wwith a
Further decrease in‘velocitg ripples farmed in‘finer grained
sediment. Finally the suspended sediment settled out Forming
the E unit of Bouma. In many cases the B and/or C units are
absent. This can be attributed to a very raﬁid decrease in
velocity with only a massiye graded bed (A unit) and
suspended load (E unit) being deposited. The presence of
Bouma sequences, both partial and complépe, impl;es
deposition by turbidity currents.

The eastern part of the metasedimentary belt is composed
of massive sandstone units with a very small proportion of
mudstone or irgon formaticn. The sandstone is commonly

graded and ABC Bouma sequences are locally preserved. The
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east-central part of the belt from Cottonwood Creek to

Crevice Creek (Figure 2) contains fFiner—-grained sandstone
and a higher proportion of mudstone and iron Fformation. A
measured section Frem this area is presented in Figure 18.
Sedimentary st;uctures are most abundant in this part of the
cutcrop belt. Bouma séquences, cut—andafill structures,
graded beds, wavy bedding, cross stratification, and rip up
clasts are common (see Figures 6-10)J, ﬂlthdugh the sandstone
beds are wvolumetrically more important, they occur as
thinner individual wunits and are much Finer—-grained.
Individual horizons of both mudstone anq iron formation are
much thicker and laterally continuous. fﬁe western portion
of thé belt is poorly exposed but fine-grained sandstone and
mudstone have beén reported from Sheep Mountain (Hallager,
18802 (Figure 2). To the west of Sheep Mountain the
metamorphic grade increases and the rocks become highly
deformed.

In general, the sedimentary package coarsens to the
east. This 1is accompanied by an increase in the abundance
and thickness of sandstone units. A corresponding decrease
in thickness and aﬁundance of~mudstone ;nd iron formation
accompanies this change. The lategal and vertical
distribution of rock types, presence of p;;tial Bouma
sequences and distributary channels, and abundant graded
bedding suggests that this sequence was deposited on a

submarine fan. The general stratigraphy of the sedimentary



















































































































