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Correlation, Sedimentology, and Structurattifg, Upper Strata of Mesoproterozoic €
Apple Creek Formation and Lower StrataGinsight Formation, Lemhi Range to €
Salmon River Mountains, East-Central Idaho €

By Russell G. Tysdal €

Abstract €

A unit of the Mesoproterozoic Apple Creekrfation of the Lemhi Rarggprevioul/€

was correlated with part ¢iie lower subunit of #hMesoprterozoic Yellavjacket €
Formation in the SalmoRiver Mouwntains. Strata curretly assigned to th middle €
subunit of the Yellowjacket Fmation lie conformably abowhe Apple Creek unit in the €
Salmon Rier Mountairs, and are here renamed the banded siltite unit@asbigned to €
the Apple Creek FormatiorAlmost all of the banded siltitenit is preserved within the €
Salmon River Mountains, where it grades upwatd clastic rocks that currently are €
assigned to the upper subt of the Yellowjackt Formation and thditere are reassigd €
to the Gunsight Formation. €

The banded siltite uhof the Apple Creek Formation ismmgosed of a trbidite €
sequence, as recognized by previous warkeppermost strata of the unit were €
reworked by currents, possibly storm genetatand adjusted to a high water content by €
developing abundant #esediment deformatiofeatues. Basal strata of the overlygr€
Gunsight Formation in the Salmon Riwdountains display abundant hummocky €
crossbeds, storm-gerded featues akposited Blow fair-weaher wave bse, that are €
conformable above the storm-reworked déggod he hummockycrossbedded strata €
grade upward into marmnshoredce strata deposited above-faeather vave base, hich €
in turn are succeeded flyvial strata. Hummocky and shorefacé&ata are absent ino €
the GunsighFormation in the LemitRange. The major thickess of th Gunsight €
Formation in both thed@mon River Mountaingand the Lemhi Range is composed of €
fluvial rocks, transitioal in the upper part t0 marine raks of the Swauger Formation.€
The fluvid drata are mainly chacterizedby stacked sheet$ metasandstone and coarse €
siltite; they are iterpreted as deposits of braidaders. €

The Poison Creek thrust fault of the Lar®ange extends northwestward through the €
study area in the east-central part of the aliRiver Mountains.The Apple Creek and €
Gunsight Formations on the southwest sidéhethrust fault were tragported to the €
northeasas part of the dlson Ceek thrust sheetA segmenbf the thrust fault within €

the GunsighFormdion in the Salmpo River Mountains subsequently underwent normal €
displacementAlong this segment, loweruBsight strata on the southwest were €
juxtaposed against upper Gunsighd &wauger strata on the northeast. €

Introduction €

The general goal of ithreport is to orrelate slected stratigraphic units in the Salm$é
River Mourtains with tlose estdished in the Lenhi Range (fig. 1).New strdigraphic €
corrdations and recoril@tion of corflicting carelations and nomendlae for tre €
Mesoproterozoicl Yellowjacket Formation amdst units of the Mesoproterozoic Apple €
Creek Formation in centralatho (fig. 1) wee presented in Tysdal (2080 The purpose €
of the preset report is (1) to demaitrae tha a unit prelously asggned to the €
Yellowjacket Formation is actually the uppemshanit of the Appd Creek Formation, (2) €
to show that strata previously assigned to the uppleunit of the Yellowjacket €
Formation o to othe formatiors or wits dearly ®@rrelate withthe GunsighFormdion,€



and (3) to reoncile the dfering nanenclatue presently gedfor these famations in the
Salmon River MountainsThe effort focuse@n working out the geology of selected
local aeas in the e&xentral part d the Salmon River Mouains citical to detemining
the correlationsinterpretations of dgositional environmentare emfoyed in
determining stratigraphic relationshifs the Apple Creek éfrmation. The

interpetatiors generally dfer from those preseted in Winstm and others (1999),
although their work is o& reconnaissance nature.

This report builds on earli@vork of Connor and Evans (188 Connor (1990), Sobel
(1982), and Tysdal (2000a).he latter repu correlated rocks of the Lemhi Range with
rocks in the Salmon Rer Mountairs of cental Idaho (fig. 3 and reconciled conflicting
usage of th Yellowjacket Formation name armutks assigadto it. The gesent report is
mainly concerned with the upper part of tygple Creek Formation and with the directly
overlying Qunsight Formation.The stratigraplu chart (table 1) shows the correlation of
rock units. The chart is simplified frorthat in Tysdal (2000a), which predates the
scheme of Winston and othgf999), even though its aeupublication date folloed
that of the l#ter report.

The present report is an outgrovafhstudies related to regiahstratigrapic correlation
designed to determine thiagigraphic settingnd limits of stratabound deposits of
cobalt-coper-gold in tle Blackbird mining dktrict, in the vicinity d the townsite b
Cobalt (fig. 1). The originalwork sisequently was augmie to prowde a stratigaphic
basis fo mineral resource and geoenvironnastudies of the Salmon National Forest,
and eventually for Federal and other lamdsentral and nahern Idaho and western
Montana. Forest areas in th&tudy region are shwn in figure 1.

1The terms Middle and Late Proterozaispectively, were usddr these eras in
previous pblications ly the autho. The pesem usage fdows that of tle Internatioal
Union of Geological Sciences (IlUGS)lxommittee on Precambrian stratigraphy
(Plumb, 1991).

Structual Setting

The general structural setting of the studyaais briefly descrilkto place the Apple
Creek and Gunsight Formations into a broaatext that shavs the stratural corinuity

of the formations from the LemhieRge tothe Salmon River Mountainslhis general
strudurd context ads tre intepretation of the carelaions d straa of the two ranges.
East-cetral Idaho lies inthe hinterlad of theCordilleran thrust belt.The region cosists

of a series bthrud shees thd were tranported to the northeast, probably during the Late
Cretaceous (Tysdal, 220 Differing lithofaciesof the Mesgproteraoic rocks disused

in this report have been telescopeolaced closer to one ather than wien origirally
deposited—nby the thrust faulting.he Poison Gzek thrust fault, a major fault of the
region, trends northwest across the westerngidhe Lemhi Range and into the eastern
part of the @imon River Mountaingfig. 2). Mapping of the fault and its related features
in the Salma River Mouwntains (figs. 2, 3) poved critich to urraveling the juxtaposed
lithofacies ascussed in this repp The hangiagwall of this thrust fault ighe Poison

Creek thrust sheet ancetfootwall is the MclBvitt Creek thrat shee(fig. 2, inset map
(Tysdal, 2002).The Mesoproterozoic ApplCreek Formatioareally is tie most
extensively exposed formation of the hangial\®oison Creek thrusheet in the map
area (fig. 2. The Mesopoteraoic GunsightFormation is te most etersively expsed



formation o the footwdl McDevitt Creek thiust $ieet. The Gunsight Formation is €
conformably overlain by the Swauger Forroati Lower Paleozoic formations, preserved €
only in small ares of the footwall McDevittCreek thrussheet in the Lenhi Range, lie €
unconformably on the Mesoproteaic strata These formations are ogposed of €
limestone, dlostone, ad quartizte. €

Normal faults formed during Cenozoic andiGfetaceous extension, subsequent to the €
thrust faulting. The Lem Peakormal fault (fig. 2, inset mag)ends west to northwest €
across the €mhi Range and into ¢heastern part of the Salm®&iver Mouwntains. It €
downdropped rocks directly southwest of the Poison Creek thrust Siedigraphic €
units sothwest of the Le Peak falt differ from those on the Poison Ckegheet, as €
discussed in the next section. €

General Stratigraphy €

The Apple Creek Formation of the Lemhi Rangas divided into four units by Tysdal €
(2000b). Three units lie on the Poison Creaékust sheet (fig. 2, inset map) and, in €
ascending aler, are the fine siltite utnthe damictite unit, ad the coarse siltite uh€

(table 1). The fourth uit, named tle Yellow Lake unit, lies within anoéh thrist shet €
(fig. 2, inset map), now downdropgpsouthwest of the Leme@k normal fault, and is not €
considered in any detail in this repofithe Yellow Lake unit is thiner than any of tke €
other units and of somewhat different characteis consiered to be ba differen €

facies and to be the time equima of part o all of the otter four lithofades of this reort €
(table 1) (Tysdal, 2000b)The diamictite ur thins westward in the Lemhi Range; it €
apparently pinches out at the east edigthe Salmon RivekMountains (Connor, 1990; €
Tysdal and Moye, 1996)in the SalmorRiver Mountains, the coarse siltiteiué

correlates with part of theequence of strata that Conraord Evans (1986) and Connor €
(1990) called the “lower subunit of the avjacket Formation,” as Connor (1990, 1991) €
recognized.In my revsion of the Yellowgcket, | (Tysdal, 200a) reassiged these €
Yellowjacket strata to #nApple Creek Fanation. Rocks assigned to the Yellowjatke
Formation peviousy were restricted to terrain south of the Iron Lake fa(lysdd, €
2000a). These changes in nomenclature based on mappinga stratigraphic studies €
(Tysdal, 1996a, 1996b, 1996c, 2000a, 2000b; TyaddIMoye, 1996) conducted in the €
Lemhi Range subsequent to the mapping of Connor and Evans (1686)r@1990, €
1991), and Evans and Connor (1993) in thim®a River Mountains. In the Salmon €
River Mourtains, a stratigraphic itrassignedo the “midde subunit of the Yellowjaek €
Formation” by Connor and Evaf986) lies conformably above the coarse siltite unit of €
the Apple Creek FormationThis stratigrahic wit, almost entirly absent fron the €

Lemhi Range, is recognized as a faciethefApple Creek érmation and is here €
renamed the “banded siltite unit,” an inforrmaime that was usextiginally by Connor €
and Evans (1986)Strata assigned to thepper subunit” bthe Yellowjacket Formation €
by Connor and Evans (1986) are correlated weéhnGunsight Formation, to which they €
are rassiged. Most of this unit lieoon the footwall McDeiit Creek thrust shee€

Termindogy €

Proterozac rocks thoughout most bthe regon dscussed ére have been €
metanorphaed to the geenschisfacies. Chlorite-grade m@amorphism is typidaof €
most of the rocks in the Lemhi Rang&haugh biotite-grade rockare common in the €
northwesternmost part of the range (north of Poison Peak, figidfite-grade €



metamorphism characterizes shof the rocks in the elasertral part of the Salmon €

River Mourtains. In this report, the follwing termindogy is used fothe clastic roks. €
Argillite. Metamorphosed claystone. €

Siltite. Metamorphosedgiltstone 0 mudstone. €

Mudstone.Rock composed cd mixture of silt- and clay-s& grains; may contain a small €
percent b sand-size @ins. €

Metasandtone. Metamaphosed sastone; geerally appliedonly to rocls composed of €
less tlan 90 percent qutz grains. €

Quartzite. Metamaphosed sandste composed of at least 90 percamrig gains.€
Orthoquartzite.Metamorphosed sdstone composed of atlst 95 percent quartz grains. €

Apple Creek Formation €

Lemhi Rang €

The fine siltite unit, theidmictite unit, and the eose €

siltite unt constitue the Apple Cre& Formationof the Poisa Creek thrat shee The €
thickness of the three units totals 466,000 m.These three units are describeigfly €
here becase they set a context for the sigeaphic and setnentolodc interpretatiorof €
the bandedilite unit of the Salmon River Moutains. The ®arse #tite unit, the uppr €
unit in the lemhi Range, is widespreadtine Salmon River Mountains as well, where it €
conformably underlies the banded siltite unit. €

Fine Siltite Unit €

The fine dtite unit of the Apple Cre& Formationof the Poisa Creek thrat sheeis €
planar-lamimted siltite, ripple @sslaminated siltite, and allgceous siltite.Many beds €
are graded, with 1-2 cm thick layers ofitligrading upward into argilliteThe unit €
locally contains matrix-supported granulepibble-size argillite clastRippled beds €
within the fine siltite unit aretaributed to reworkg by bottom currentsGraded-€
stratified siltite is common, faning bands of coarse-gramhsiltite to fine-grained €
metasndstme that ee d finest grainsize in the pper part; upermos parts of some €
bands grade to fingraned siltite, bt argilite is absent.These strata fit the Bouma €
(1962) sequence of gradedthidite beds (Tysdal, 2000b). €

Diamictite Unit €

Poorly sorted, matrix-gaported coglomerate—diamictite—characterizes a succegsiof €
otherwise fine-gramed grata within tie Apple Creek Formation of the Poison Creek €
thrust sheetMost of the diamictite &dsare canposed of disorganized matsxpported €
clasts; tiey are iterpreted as turdites or déris flows. Argillite, argillaceous siltite, €
siltite, and lesser metasamaise fam successios as much as 10 m or moreth€
between the diamictite bed&rading is obvous where deformatias not intense, and €
Bouma segences are most prominent in the eppart of tle unit. Paleocurret€
diredions determined from current ripples reveenspaot from both the northeaard €
southwest.These fine-gained (non-conglomerate) strata at&ibuted to a turbite €
origin (Tysdal, 2000b). €

Coarse Siltite Unit €

The coarse siltite unis composed fogray-geenmedium- tocoarsegrained siltite ad €
fine-grained metasandston8iltite bedsobserved are normally grade8oft-sediment €
deformationstrudures ae widespred: bdl-and-pillow structues are faly common; €



flute casts and tool maskvereobserved only locallyThe urnt derives its name from €
distinctive gaded bedsfasharpbased lighigray, quartzrich, fine-grained metaandsone €
interspered within the sguerce. The graded bedding ofefsiltite and the sharp-based€
light-gray metasandstone beds suggest demo$rom turbidity currents (Tysdal, €
2000b). €

Salmon River Mountains €

General Setting of Banded Siltiténit of Apple Creek Formation €

Figure 4 shows the general southwest-northetstpreted faies rdéationships for the €
banded siltite unit of the Apple Creekrition for the sea d the SalmorRiver €
Mountains shown in figure 3The banded silt& unit includes turbidite(lower strata of €
unit) and current-rewodd turbidtes (upper sata of unit). The directly @erlying €
Gunsight Formation consists of hummockyssisedded storm deposits, shoreface strata, €
and fluvial rocks.The fluvial strata aréhbught to be separated inche marine strata by €
an erosion surface that cuts downward strafigjcally toward the westFluvial rocks lie €
on the shoreface stratatime eastern padf the Simon River Mountains and on storm-€
reworked tubidites on the west (fif3, Deep Creek road area). €

The lithdades of the baded siltite unit othe Apple Creek Formatiomedesdbed and €
interpreted in this sectiortHHummocky, shagface, and fluvial lithofacies are described €
and interpreted in the gemn on the Gunsight Formation. €

Banded Siltite Unit €

The banded siltite unit of the Apple Creekrifhation was exained in soe detd by€
Sobel (1982) during a thesis study of a 10 kngaan the vicinity of the Blackbird mine €
(fig. 2), which hosts mst of the stratabound calit- and golebearing depsits d the €
district. Sobel's (1982) studgf the banded siltite unit was part of extensive work by €
NORANDA, Inc., during mineral gloration and mining of colita The mineral depsits €
are not a art of the pesent repx, but they are menticetl because my findings herein €
bear on the stratigraphand stratural setting of the deposits. €

Sobel (1982recoghzedthree dstinct facies, in ascendingrder: graded siltite, ridpd €
“quartate,” and laminated “quartzite” for thiganded siltite unitUpper stréa of his €
sequence iclude rocls that Evans ahConnor (1993) placed in the upper part of the €
banded siltite unit and lower part of the ovartyGunsight Formation (upper part of the €
“middle subunit of the Yowjacket Formation” and Mer strata of the “upper €
Yellowjacket,” respctively, of treir nomenclature)Sobel's (1982)ower two lithdacies €
are discussed next, in Ower Strata of th8anded Siltite Unit.” Strata of his uppermost €
unit, the laminated quartzitacies, are similar to rockbat | descrik in the section €
entitled, “Upper Stréa d the Bandediltite Unit” €

Lower Strata of the Baled Siltite Uit €

In his study of rocks in the vicinitgf Blackbird Creek, Sobel (1982, p. 112, 117) €
descriled a stratigraphic succession that @igp an upward increase in grain size, bed€
thickness, and abundance of sandy betis.graded siltite and overlying rippled €
“quartzite” lithofacies cotainsharp-based, normally graded beds of incomplete Bouma €
(1962) Thc, Tcde, and Tde sequences; no tet@da throug Te sequetes were €
observed.The gradedittite lithofades consits of thin bed that grade wpard from fine-€
grained metasandstone to siltit®ther fatures include ripplerosslamiae and soft-€



sedimen ddormation features—wéer-esape fuctures, intrasttal slides, and €
convoluted laminae. €

The rippled quarite lithofacies conssts d thin- to medium-ledded metandstone @€
contains ulguitous crosslamination and rippled bedding surfaces, aindrterbeds of €
graded siltite or siltite targillite. Less commonmeatues irclude ripup clasts, scours,€
sole maks, and horizotal laminaion. Soft-sedment déormation stratures inclue €
“crumpled mud crack” water-escape stotures, wavy and convolute laminae, load €
structures, and micfaults. In manyplaces, metasandstone beds teat@rabrufly €
against strata deformed durindtseediment deformation @bel, 1982). €

Sobel (1982) interpreted the strata to be deposits of assutmian system, formed of €
distal turbidites of a basin plain, outer fan amérlobe deposits (fan fringe), and mid-fan €
(suprafan lobes).The intrasratal folding and deformed shrinkage cracks were €
interpreted & deposits foned from gavity slidng on a slopeVerticd ard horizontal €
water-escape featues d the ripped quartite lithofacies wereinterpgreted to indicte €
gravity sliding and comgction deformation during sedentation. Sand layers €
commonly were caught between siligl sedimehmasses, resulting in anpled, €
contorted, disrupted beds (Sobel, 1982, p. 144-157). €

Many of the sedimeary structures that Sob@982) describd in his stdy area are €
widespread in the bandadtite urit in the Salma River Mowntains. Some of thes—€
creep and slump deposits, “shraglk cracks; and dikelets (fig6)—are genetically €
related to oa another asthare examined ithis report under the heading, “Soft-8adnt €
DeformationFeature$. Reconnaissance shows that other rygles, in addition to thse €
described by Sobel (1982), ocautside his study area; thaye described generally in €
following paragraphs. €

Finely Laminated Strata €

Finely lamirated strata (fig. 5) fon sequeoes 140 m or mee thick and are interlayered €
with coargr turbidtes—coarsegrained sitite to locally fine gained metsandstone—€
throughout most of the lower strata of thethad siltite unit. The laminae are sharply €
defined and commonly are 0.3—2 mm thiclcdlty 10 mm thick.Thicker laminae grade €
from caarse to medim st and to clg-size. Thinner laninae also are grad, based on€
color chang of darkemg upward. The silt laminae areisicontinuous, tapering o€
laterally, anl display shrp basesFuid-escap structures ere observedn a few of the €
thicker layers; overlying layers show ndalenation. Other, less commofeatues €
include 1«—2¢ angular relationships whame lamina overstepmderlying laminae; €
micro-crosslaminae, with ernas into underlying laminae; llinage structures that are €
several centimeters across; micro-load&ures, 1-5 mm in diameter; and convolute €
laminae. Laminae ae rormally graled: no reverse grading was observ8dme single €
laminae, or sevetdaminae togetéar, thickenard thin laerally over 5+ m; laminae are €
thin in troughs and thick ovevhat may be riple crests. €

The sharply defined laminae are interpreasgroducts of suspgion sedimentation and €
correspond to the Bouma Td division and W2 to T4 intervals2 of Stow and €
Shanmugam (1980). The abrupteimittert occurrence fothe sequences of finely €
laminated $rata within ©arser gainedturbidites suggests aepodically operating €
process bdeposition. The sequences may have been deposited frormgiadilue €
turbidity currents in a slpe (far) environment.Alternaively, the findy laminated €
turbidites may have formed of setknt splled over a leee that flankedh submarine €
channel dow which turlidity currerts flowed. Spillover levee depats contain only the €



finer gained sedimenof channelized tuidites (Stacey and Bowen, 198&edimetE
cored from modern levee deposits of &raazonChannel off Brazil, for example, €
contains turbidites composed of fine silideclay. From photographs of thin sections €
(Hiscott andothers, 199, fig. 14, p. 72), theseridites appar to besimilar to the finely €
laminated raks observed near Wdtick Creek.€

Soft-Sedimat Deformation Features€

The lower stratafathe anded siltite unit contain several sedimentary features that are €
widespread in the unit drthat have been exaneithin some etail by several gbors. €
Sobel (1982 described creep and sip strictures, and shrirdge crack. Evans (1981€

and Connor and Evans (1986) described dikelegh of these features is described €
separately, citing the apgpriate references-rom observations througlut the bandd €
siltite unit, Tysdal (unpub. da, 1998) determined that the three kinds of features are €
genetically related to one anothdikelets formed during soft-sediment deformation. €
The “shrinkage crack” descriled aml picturedby Sobel (1982, his figs. 33A, 34A) were €
produced dring the same soft-sediment deformation process. €

2The classification of Stow and Shanmugd®B80) is fa fine-graned tubidites. €
Subdivisions used in theassification range from TO to T8 and correspond €
approximately to the Tc through Te subdiwiss of the Bouma (1962)assification. The €
T2 to T4 intervals correspond approximatelyhe upper half of the Td and lower half of €
the Te intervals of Bouma (1962). €

Creep and Slump StructureSoft-sedimentleformation structurescou in zones tht €

are sandwiched between undefedrstrata, are only a few layers thick, and commonly €
are disorganized within theeformed beds (Sobel, 1982, p. 43he zones contain wavy €
and contorted laminae, flame structui@svolute bedding, interstratified folds, and €
crumpled beds that aggr to have ben caughtdiween sliding masse$ eediment. €
Crosslamination commonly is deforme8obel (1982, p. 46) interpted the deformation €
to involve rapid sedimentatiarf waterlogged sediment, andshdiscussion indicates that €
he favored gravity-driven sliding as tbause of the soft-sediment deformation. €
Shrinkage €acks. Metasandstone-filled simkage cracks ccur in 1-5 mm thick argillite €
(siltite) bed. Sobel (198) stdaed tha theydisplay four charactestics: (1) cracls are €
spindle shaped or sinuous; no polygonsen@bserved; (2) cracks commonly are €
associated uh ripples, and crosslaminae occuripple troudns; (3) short cracks are €
oriented parallel or subpardlk® one another; and (4) gnbne generation of cracks is €
present.Stating that the cracks aretlike those producedytsubaerial exposure, he €
attributed them to synerssithe subaqueous dewaterofgnuddy sediment (Sobel, 1982, €
p. 123). €

Dikelets. The term “dikelets” was introduced by Connor and Evans (1986), following €
recognition of the features by Ev&(1981), to refer to small,lalar dikes of siltite that €
generally range from about 5 to10 mm high and from 2 to 5 mm wide, and which project €
downward from the base of beds (fig. @vans (1981) called them “***characteristic €
downward-penetrating, silt-filled ‘dikelets’ of known origin.” Their depositical €
environment also was of uncertain origin, the dikelés were considedcriticd to €
definition of the banded siltitenit (the “middle subunit athe Yellowjacket Formation” €
of Connor and Evans, 1986l concluded (Tsdal, unpub. data, 1998) that the dikelets €
are not primary depositional structulag were produced dung soft-edment €



deformation The deformation is relatdd slow mass-movement downslope—creay €
water-rich edimen. €

Upper Strataf the Bandd Siltite Unit €

Upper strata of the banded siltite unit are well exposedtmalong the Deep Creek road €
(fig. 3), and along a logging road west of Dé&aeek just below its junction with Pepper €
Creek (this road is not shown in fig. 3)he strata typically form 5-10 cm thick beds of €
light-gray fine-grined metaandstme to coase-grainedidtite and intelayered darkgray €
siltite (magamudstong or, locdly, argillite (fig. 7). €

Two prominent characteristicsearecorded in the upper stratroded upper surfaces of €
metasandstone beds and soft-sediment detamgeatues. The lower surfaces of ¢h€
light-gray beds commonly display sharp @mis. The beds generally are planar €
laminated, lut some cspay plana laminae that gade upwardnto crasslaminae, then €
into dark-gray siltite—a BoumTbcd sequencdn other cases, the upper surface of the €
metasandstone beds clearly is reworked,i@nas the upper surface of crossbeds is €
overlain by laminated dark-gray siltite depesditacross truncated alaminae (fig. 8). €

In still other straa, the drk-gray siltite fils, or partly fills, irregularities (such as ripple €
troughs) 6 the underling sedimet) whereas thapper surface of the siltite “fill” is €
planar, flat laminatedNormal to transpordirection, the base ahetasandstone beds €
ranges from parallel to the untieng siltite to moderate asteep dip of ripple-foreset €
laminae. In contras to most of the stta of the banded siltitenit, the ypper strata €
generally lack the small (1+48m) load structures, dikdte and the “syneresis cracks” €
associated ih creep or slump fds. Small-scale slump fokdare fairly common, €
however. €

As discussed in the sectiontéed, “Lower Straa of the Banded Siltite Unit,” Sobel €
(1982) recognized three distirighofacies in his map argahown in fig. 2). The lower €
two lithofacies—graded siltitand rippled quartzite—werastussed in tht section.His €
upper lithofaciesHaminated “quartzite’—s discussed here because its sediargne
featues are similar to thse described in ¢hprewous paragaph. Sobel (P82) describd €
his laminated quartzite lithaties as consisting of abdQ percent metasandstone and €
argillaceows metasandstee. Siltite and argilite make up the resOther featuves irclude €
ripple crosslaminae, local climbing ripplesyd small channeldde noted that upper €
surfaces of the crosslaminated siltite ametasandstone bedsnemonly are eroded and €
may have been reworked by bottom curremiy. observations along Deep Creek show €
that tre ripde crosslamiated beds adain both complete ripps and ripples with ered €
crests. Eroded crests have been intefed as products either of bottom currents €
(Shanmugam and others, 1993; Shanmugasi})1& of normal turbidity current €
processes (8w and otlers, 1998). €

Soft-sediment deformation features are abunuhetite upper strata of the banded siltite €
unit in the Deep Creek area (figs. 7, & sigrficant differerce fran their dsence in th €
laminated quartzite strata 8bbel’'s (1982) small study aréfay. 1). Thin, laterally €
discontinuous beds of light-@y maéasandine (or coese §ltite) are interlayered with €
dark-gray fine siltite beds of variable thickne3$e thinned antapered beds and the €
varially thick siltite are here ierpreted to irdicae flowage 6 water from water-richi. €
An “extreme” case fosdt-sediment deforrationis shown in figure 9, wére a €
metasandstone bed is “broken”—pulled apditte sand bed likely was deposited on top €
of water-saturated silt and the |dagl caused th water to flowyupturing the sand bed. €
Folds here tributed to sft-sediment slumpig accur loally within the ypper strata &

the banded siltiteFolds as much as 30 cm high are underéaid overlain by beds of €



unfolded $rata. Dikeletsalso are preent laally within the oft-sediment deformed rocks €
and are assmated with flowage of water-saated sedimean(fig. 10). €

The upper strata of the banded siltite unit are ngerpreted as turhies that have been €
disturked—partly reworked by storm-gersgedcurrerts ard deformed to some exte€
during adjustment to the higiater content of the sedimerattsthe time of deposition. €
Upper beds are iarbedled with laver rocks of the overlymmhummock strda, €
interpreted as storm deposits, of thenGight Formation.They probably were deposited €
on a submarine slope or a fahhe graded ks interlayered in the upper strata of the €
banded siltite unit display Bouma Thcd featutes could be either turbidites or storm-€
generated dmosits. If turbidites, thensomeor many of the light-gay metasandstone to €
coarse-grained siltite bedsatidisplay reworked upper pamnay be turbidites reworked €
by storm-generated current8ach werlying sharp-basedatk-gray siltite bed then edd €
be composed of suspension sediments pitatgol from a waning st curren. Sobel €
(1982) stated that ¢hvertical bed sequencesgnostic o turbidity currents are ladkhg €

in his study area, but he did ogmize current-reworking of beds. €

The abundant soft-sediment deformation feataféke upper strataf the banded siltite €
unit indcatea high wate conten for the sedirarts, particlarly the dt-rich strda. €
Adjustmert to the high water conmt¢ produced such deformation feets as water-€
escape structures; metasandstone bedsaghet normal to the direction of tigyort €
(southwest)pr are akuptly truncatedwvhere watesauraed st flowed acoss (& seenn €
cross section) “broken” metasandstone bextsl slump folds; and local dikelet3he €
major adjustments took place durisgdimetation or shortlythereafter, as shown by €
deformation structures that aveerlapped by undeformed strata. €

Scapolite-Rich Beds €

Scapolite-rich beds wereperted by Connor and Evans (198®6}he upper strata of the €
banded siltite unit of the ApplCreek-ormation (that is, the“middle sulunit of the €
Yellowjacket Formation”) along the road adjacemDeep Creek (figs. 2, 3They €
recorded no scapolite frolower in the unitand | also found no scapolite in the lower €
straa. €

The scapolite occurs in the darkay siltite that is intebeddel with light-gray coarse-€
grained siltite to fine-grained metasandstone of the basittiéd unit. The scapolite €
porphyroblasts commonly range from 3 toriih in diameter.A few beds show a €
grading in porphyroblast size, frolarger diameter ghe base to smalat the top.One €
bed shows smaller diameterrpbyroblasts at #nbase comared to larger at ¢htop. Still €
other scapolitic eds sha porphyroblastsfouniform size throughout aet, or of €

different sizs but with no systematic sizeactges. The scaolitic darkgray siltite eds €
do not display sedimentary structures th#edfrom those of te non-scapolitic dark-€
gray siltite. No scapolite was obsest in thedirectly agacent light-gray clastic beds| €
did not find a change in sedintary structues above and (or) below the scapolitd$€
that would suggest a change in the depositional environriéetscapolitic beds do not €
appear to display a systematic or rhythpattern of occurrence within the upper part of €
the bandediliite unit. €

Some beds along the Deep Creek road dispt® mm diameter light-gray spots, which €
appeared as if they may be cloftssoapolie; smples d themateial were collected from €
three outcropsTwo samples are from the uppemshpart of the banded siltite unit of the €
Apple CreekFormation, and one is from basalata of the cerlying Gursight €

Formation. X-ray examination of these spotteadks showed only a trace of scapolite; €



the chief minerals in the two rocks are ga#&phlogopite+albite potassium feldspar
(G.A. Desborough, written commun., 1997; oral commun., 1998 spots may be due
to contact metamphism related to concealechgpus rocks.

The scapolite-rich beds were irgeeted, with some question, as metamorphosed
volcanogenic material by Connor and Evans8@)9 This interpretation is consistent
with an exhalative process of cobalt mineralization in the Blackbird mining district
(Hughes, 1983; Hahn and Hughes, 1984; Nash, 1989; Nash and Hahn, 1989), and the
proposal 6 Tysdal and Desborough (1997) tifae Na- and Cl-richibtites of the district
(compositio reported § Nash and Connor, 1993) reflectilunovemenhupward
through evaporite rocks of the YeNM@acketFormation. The volcanogeic concepdoes
not affect tle storm depsit interpretationfor the non-scapolitic s@dentary rocks tit
make up most of the sequence.

An alternative explanation for theigin of the scapolite-richeds is that the trace
scapolite may be metamorphosed NaCl salt crystdsmation of the iystals requirs
an evaporite setting wherein NaCl reaches mapardion within the watecolumn @
sediment, and is deposited, for example, withe upper part of an intertidal to
supratidal zoneThis explanation is discountdxcause # host bandedlltite urit is
believed to represewnffshore stam deposs; nevertheless, several angents are
presented to discount the intexfatian. Thedarkgray siltite bedsand tle interbedded
coarse siltite to fine-grained metasandstorgspdo not contain textures of evaporites.
The beds lack mudcraskripples, small-scalcorvolute lamiration, rip-upclasts, and
other featoves suggestive of a atlflat environment. The darkgray scapolitic and non-
scapolitic siltitess do not displayifferent sednentary gructures, as if te beds had
originated from differenprocessesThe dak-gray siltites are iterpretedas suspension
deposits, buthe scaplitic and non-scapoliticocks may have resulted frodifferent
original sources—the scapolitic rackkoman exlalative source, the non-scapolitic
siltites from storm-derivd silt. The light-gay clastics do nbcontain saplite. But if

the scaplite formed duing metanorphism of N&I preciptated from evaorite fluds,
then | wouldexpect bothhe light-gray clasics and the directly overliyng dark-gray siltite
to contain scapoliteThe porous light-graglastics should haveoatained the evaporite
NaCl-bearig precursoof the sapolite jstas radily as the direty overlying darkgray
siltites.

Correlation. The scapolite-bearing rocks oktibeep Creek roadea are interpreteals
metamorphic products of sediments depositeath environment different from that
which existed in the area of the pripal reference sectiasf the Yellowjacket
Formation. | examined outcrops along the De@geek road to determine if these strata
contained marble (m&imestongard interteddel sodium-rich scapolitic beds likdhose
of the Yellowjacket Formation in the vicinitf the principal reference section3 near the
townsite ¢ Yellowjacket, and along Moyer €ek (fig. J, interpreted as metaaporites
by Tysdal and Desborough (199 N0 marble or sodium-rich scapolitic beds were
found, nor do the Deep Creek strata lie with depositional sequence like that of the
Yellowjacket. The Deep Creek scalitic strata occur witlin storm-generated roskd

the Apple Creek Formation and underlie fluviatks of the Gunsight Formatiofthis
contrass with the meaewaporites of the Yiowjacket, which lie witln intertidal to
supratidal strata and are overlain conformably by quartzitdeedfioodoo Formation,
interpreted as tidal deposits by Tysdal and Desborough (1997).

Gunsight Formation



Lemhi Rang

The Gunsight Formation was named by Rugp8l'5) for a sequence of strata in the
vicinity of Gunsight Peak in the centnaédrt of the Lemhi Rage(fig. 1). The type
locality extends north from near Yellow LateGunsight Peak (Ruppel, 197HlcBean
(1983) examined the rocks of the type asgart of a thesstudy of the Gunsight
Formation. The following summarys from Tysdal (2000b) and is based
reconnaissance traverses through the typgosecrhe Gunsight strata in the Lemhi
Range are chieflyfdluvial origin. Trough crossbedded metasaodgs form uits 1-2
m thick that fine upward and give way to isdtof overbank depositdJppermost strata
of the famation lack fine-graned beds of siltite and pramily are metum- to carse-
grained quartzite and metasistone of quartz and feldsp Trough crossbedding is
common. These uppermost stratautd beshoreface deposits tratignal upward fron
fluvial strata of the Gunsight into tmearine orthoquartzite of the overlying Swauger
Formation.

3No type section ests. Naming ofthe Yellowjacket Formation preceded the
requiremento designate a type segatiaccording to the gualines of the North
American $atigraphic Code (Nortmerican @mmission on Staticaphic
Nomenclatue, 1983).A section measured loss (1934), wo named ta formation for
rocks in the vicinity of the townsite of Yewjacket (fig. 1),was designad the pincipal
reference section by Ekren (1988).

Salmon River Mountains

Strata that | here pte inthe GunsighFormdion previougy were mapped as the “per
subunit of the Yellowjacket Fmation” by Connor and Evan$486) in their study of the
Leesburg 15' quadrangle (lat 45« to 45€15'long 114+ to 114+15' W.) (in fig. 3, entire
area north of lat 45e lies within theeksburg 15' quadrangleyhese workers dided

their subunit into an ugw and a lowr part both of which here are reassegl to the
Gunsight Formation (té 1). The wpper part of their upgr subunit wasebkcrilked as
flat-laminaed and hummocky croksninated arksic quartzite.The lower part bthar
upper subunit was describediaterbedded flat-laminated arkosic quartzite and
micaceous siltite My observations show flual deposits on the northwest, in the vicinity
of Deep Creek Ridge (fig. 3), and a geraticassociated sequence of hummocky beds,
shoreface strata, and lenses of conglomerateetgoutheast, in the vicinity of Lake
Mountain. Each of these geneticalfssocted units is described separately, then
integrated ito a a fdlowing section.

The hummoky crossbedded rocks and associated metasandstone contrdgtwttilarp
the dominantly fine siltiteand banded black-and-whitedseof the underlying banded
siltite unit of the Apple Creek Formatiomfollow Connor and Evas(1986) in assigning
the hummaoky and associated strata to thetplgple Creek strata (#t is,post “middle
subunit of the Yellowjacketormation” of their nomenature). But because the
hummocky strata are gradatial with the banded siltitenit, | placed them in the
lowermost part of the Gunsight Formationcontrast to Connor and Evans’ (1986)
placement bthem in the upper parilhe following discussio of stratigaphic and
structural relationships shows my reasoning.

Stratigraplc Relatiorshps
Hummocky Crossbedded Strata



Hummocky crossbedded strata (fig. 11) aespnt in the vicinity of Lake Mountain
(figs. 2, 3. Typical features of humocky cras-stratification include tle following (1)
crossbed sets display lower bounding surfélcasare erosionatommonly sloping at
angles of less than 15¢; (2) overlying laminae @arallel to set boundaries, or nearly so;
(3) laminae above the erosiotise systematically thickertéaally in a set, such that
their traces on a vertical surfaaee fan-like; anq4) the drections d dip of erosional set
boundaries are scattered (Harms and others,, I3¥el and Leckie, 1993 he beds,
composed of an amalgamation of hummodigically are sparated by 1-5 mm thick
layers & dark-gray siltite.In a few places, siltite (metamuds®&) lensesaur between
beds. Currents have eroded the upper pagahe hummocky bed$ipples are fairly
common features in the uppermost part ohededs.Stacked 1-3 cm thick sets of
ripples were observed abe one erded hummacky bed. The upper part of each ripple
set was eroded before deposition of 1-3 mmavk-gray siltite, and the overlying ripple
set. The ripples generally show transptwrtthe rortheas, but a few ripges show
transpat to the southwestPebble lagsre present alongéhmase of a few hummogk
beds and alng foreset laminaef mther beds.These features have been reported iwith
hummocky beds by McKie (1994).

The hummocky crossbedded strata conformable and tratisnal with the upper strata
of the underlying banded siltite unit of thgpple Creek FormationThe prominent soft-
sediment load and slump structures of the upprata of the bandedlt#ie also occur in
the lower strata of the hummocky crossbedded drhis is illustraed in figure 12 where
a small hummocky crossbed overlies a sucorsd slumped beds of fine-grained
metasandstee. The slumping, or at least mosf it, took dace before eposition d the
overlying hummocky crossbedded metasandstéingure 13 shows a hummocky
crossbedded metasandstone bed interpretedv® been deposited on a water-rich silt
(now siltite) from which tke water flowed and disrupte—pulled apart—the bed of
metasandstone.

Two alternaéives fa the strégraphiclevel d hunmocky grata in the Gunsight
Formation were consated. Becawse fluval Gunsight strata grade upnd and
downward into marine strata, hummocky (mari@e)nsight strata rght be expected in
either the upper or lower parts of ther@ight FormationlIn the lower part of the
hummocky sequence, turbidites and locahgb strutures are intdeddel with the
hummocky bedsThe contact of hummocky crossbedded strata with the underlying
turbidites d the bandediltite unit of the Apple Creek Formation s gradational and
conformable.This indicates that the humrky straa occu in the lowe part of the
Gunsight Formation.

| know of no other occurrence of hummoakypssbedded strata in the Salmon River
Mountains or Lemhi Range (or Beaverheaduvitains or Clearwater Mountainshhe
upper part bthe Gunsigt in the tye secton near Gunsight Peak in the Lemhi Rang
(fig. 1), and in the vicinity of Phelan Mowah 10 km directly north of &ke Mountain
(fig. 3), is a medium- to coarse-grained quartzite to orthogtedequence that contains
trough crossbeds as much as 1 m acrbebserved no hummocky beds in either area,
however, ad none were reported by McBean 8B9in the type section.In contrast, the
hummocky and associated strata oflth&e Mauntain area are not quartzite or
orthoquartzite, but fine-grained adio metasaaistone to carse-gainedsiltite. In the
western part of the Lemhi Range, in the PoiseakParea anth the type section near
Gunsight Peak, fluvial strata occur daseation from the quartzind orthoquartzite of



the upper strata of the Gunsighthese statigraphic and séhentdogic data arge
against the occurrenod hummocky strata in the uppeart of the Gunsight Formation.

Shoreface ®atad

North of Lake Mountairffig. 3), coarse siite to fine-gained hummocky metasandste
beds give \ay upsectiono rocks 6 similarcomposition that lack hummock3he strata
are mainly composed of fijyrclean quartz-feldsgr metasadistone of uifiormly fine
grain size.Beds are 0.5-1 itinick. Many beds are characizsed by planar lamination.
Others display moderate to steeply digpfareset laninae & megaipples (subaqueas
dunes); sme of the laminae dip toe¢mortheastBeds in some areasngh and swell (are
undulatory) for distances of 1+8. Dark-gray fine-grainediltite (metanudstone), in
lenses 20-Q0 cm thick and as mudas 1 m longlie betweermetasandstone beds in a
few places.Mud chips @cur along crossbedrf@nae locally. Lenses of agular pebly
mudstones are present, but not common, witignmetasandston®are, local slumped
beds of metasandstone show transport to thiawest. The shoreface strata contain
interstratified amalgamated humaoky beds in a few placem@and north of Lake
Mountain, indicating intertonguing relationship of the two lithofacigsme of the
shoreface deposits may tevorked hummocky stra.

4Definition of shoreface used here follothsit of Walker (1992)wherein shoreface
sedimenis deposited alve fair-wegherwave base to high tide linddummocky
crossbeddededimenis deposited dow fair-weather wave basdln cortrast, some
workers include humnuky crossbedded sedent in the lower shorefaceyen thoub
the sediment is deposited below normal wave base.)

Intraformational Conglomerate

Intraformational conglomerate was reportethate localities in the Lake Mountain area
by Connor and Evans (1986), and | obserddurth outcrop about 2.5 km farther
northeast (fig. 3)J.J. Connor (oral ecomun., B87) describd the conglomerates as
channel-like deposits that containgaitar and randed clasts of metasasohe similar to
that of the ountry rock,strealed-ou mudgone clasts, and lcal flow-rolls (ball-and
pillow structures) (fig. 4) as much&1 m acres. The matrix of the coglomerates is
dark-gray fine-grened sltite, which is wél cleaved. The northern occurrence contains
fewer and maller dasts and more matrix, #m the other outcropshe deposits have a
cross-sectinal width of only 10-15 m anded0-15 m thick. The conglomerate alot
1.5 km south of Lake Mountain occurs vititta weatheredh-place rubke pile of
hummocky crossbeddestrata. The three ocurrences northeast of Lake Mountaimfio
resistant otcrops istated within coered areasThe neardashost rocks are not
hummocky beds, but shoreface strata.

J.J. Connor (oral commun., 1987) consideagubssible fluviabrigin for the
conglomerates, but he favored a mase#ing because of the associatathinocky
straa. | concur with his interpetatian, but note that the three northetarrences are
associated ih the shoreface deposit$hechamel interpretation of Caror and Evans
(1986) is apropriate because difie limited cross-séional size and #fine siltite matrix
of the depogs. The sdt-sediment éformation structees attest téthe caitemporaneity
of the channels and the host sedimélitie conglomerates may be channel-bottom
deposits, formed of poorly sorted clasticnsported seaward during storms or during
strong tidal action.



Origin €

Localization of the hummocky and associatadta to the Lake Mountain area of the €
Salmon Rier Mountairs must be deito localdepositiom parameters or to erosion that €
could have removed such deposits from els&=w in the region.Hummocky crossbeds €
generally are intpreedas storm fatures ttat accumulated below fair-weather wave €
base (Harms and others, 1975; Walknd Plih, 1992; Cheel and Leckie, 1993). €
Preservatiorof the hummocky strata suggests ths an appriate interpretation fahe €
Lake Mountain areaExamination of théiummaky and assoated strata was conducted €
in a reconaissance marer to determine aausible iterpretationthat accommodates the €
general features observed and a likely reaspgdoeration and preseaion of the strata. €
No attempwas made tavork out déails of the depositional avironmen.€

Walker and Plint (1992) noted that most $gdf storm deposits have been conducted €
on strata depsited in the Cretaceous Westénterior seawaypf North America; a few €
studiesare set elsewherdn these setting sandbodies that display mmocky €
crossbeds, and their commonly overlying swaleyssbeddedtrata are stetlike, extend €
for many hundreds of kilometers alongodsitional strike, maprograde over 300 km €
seaward, athare wave dminated. (Swaleycrossbeds are atlow swales—scours8-5—€

2 m wide tfat are filled with conca+upward laminaefcsard. The infilling laminae €
conform to the shape of the swale, grdiyutattening out upward.)No swaley €
crossbeddedtrata were observed in the Mesmiprozac rocks of central IdahoThe €
Cretaceous strandlineagerated sheetlike sandsebodies reflect microtidal €
environments, which are wave dominat&itrand plains and long, narrow barrier islands €
are chaacteistic of sut settings.Mesotical setings also ontain barier islands, €
although they tend to be short and fairlde owng to interruption by frequent tidal €
channels amh associated ebb- or flddidal deltas. The Lake Mountain area contains the €
only known occurrece of hummock and associated stratathie Mesopoterozac strata €
of central Iaho. No sheetlile sandstone bodiasterpreted tde straneplain or barrier €
island deposits, are known to be presenheGunsight Formation of the Lemhi Range €
or the Salmon River Mountairier Beaverhead Mountains). €

The abundance of the hummocky beds at IMkeantain indicates that the area south of €
Lake Mountain repeselts the seaward part the depositioal environment, below €
normal wae base, otherwise the tumocky bels would not be preserved@hus, the €
directly overlying strata could represeaworked hummocky bedShe small €
conglomerate-bearing channels only a few meters acrodgethathin the sequence may €
have served as conduits to transport finersedt to offshore, deeper waters. €

Erosion Surface €

The stratigraphic sequence in the Lake Mountain area differs fronmtthet Deep Creek €
road area (figs. 3, 4)in the Lake Maintan area, the ascemg) stratigraptt sequence is €
turbidites—storm reworked depositsshummaky beds—shorefacgeposits—erosion €
surface(?)—fuvial rocks. In the Deep Creek road areag tliscending sequence is €
turbidites—storm-reworked deposits—erosionfaigce—fluvial rocks; no hummocky €
beds or shorefacérata are present. €

In a compete regressive sequencepsdface and beach or titiflat strata overlie €
hummocky strea in depsitioral transition into delta fain fluvial drata. The shorefee €
beds north of Lake Mountain are interpreted as erosionally truncated, a common €



occurrence within stratigrapghsections (Miall, 1996, p. 463\herein upper shoreface
and tidal-flat strata are eroded and fluviatk® of the delta plaihe directly on lowe
shoreface or offshore strata.

Along the Deep Creek aadl (fig. 3, fluvial strata lie on the stm-reworked depositsfo
the banded siltite unof the Apple Creek FormationlThe actual contact is concealed
within a 25-m-tlick cowered itervd. No float & hummocky shorefae, or tidflat
strata was observed in the interviurther | found no evidence forfault in the covered
interval. Although a concealed didt within this interval canaot be excludd, such a fault
would have to be nearly horizontal or dipthe rorth at a lowangle, in catrag to the
steeply dipping folds and faults ofetlarea.Upstream (soutmast) fran the
southeatermrmost hapin turn of the Deep @ek road (fig. 3) to Pepper Creek, and then
north to the Poison Crkehrust fault, sparse tarops are ofshorefae and fluvial strata.
These observations suggj that an erosicsurface may lie between theoséface and
fluvial rocks north and orthwest & Lake Mountain, and the erosionrface cuts
downsection westward to the Deep Creek ambere fluvial rocks oudie upper strata of
the bandedilite unit of the Apple Creek.

Fluvial Strata

Fluvial strata in the eastern part oétBalmon River Mountains were observed in
roadcuts alng the Deep Creek road, uphill fnathe southedasrnmos hairpin turn (fig.

3). Low- angle crossbedding is commohhe beds commonly range from 20 to 50 cm
thick and ae coarsegraned siltite to fine-gained metaandtone. Thicker beds tygally
are amalganatiors of thinner gata and extend fardr lateally than thethinner leds.
Mudchips, pebbles, and gravel are abs@&mall channels 1-3 m wide in cross section
were obsered locally, with nested, upward-decreasing tfoagpssbedsHowever, most
beds do not define channelseyhtaper out laterally, replaced by other beds, forming
complex sheets of lenticular bedSomeoutcrogs clearly shw inclined surfaces of
deposition and erosion, interpreted asridtaccretion deposits, whereas other oygsro
do not reveal surfacesatcut dowmard. This reflects different orientations of sectio
faces, othe faces cdd reflect different dgositional enviroments within the varied
depositional settingsThe exposed rocksatain a low percentage (estimated at 10-15
percent) of fine-grained siltite (rf@nudsbng afew centimeters thickdiween bedsf
metasandstone. The fine-grained units propale at least a few hundred meters in
extent. Other fine-grained units are discanious, and sandstonesst directly on other
sandstone. fie recessive weathering of thesefigraired strata makes the metasandstone
beds stand out.

The strata are interpreted braieéd o sheetbraded deposits, ld down in a fluvial
system dminated by sashto coarse silt.They carespond to the distal, satflood, sad-
bed river model of Miall (1996, p. 240-241), afidplay bed characteristics similar to
those pictured by Miall (1985, his model 1$nith (1970),Cotter (198), and the medial
to distal distributary alluvial fan deposits of Kelly and OIs£@93). Miall (1994, p. 155)
interpreted sich stréa asfollows: “The latgal analgamation of many lars of dfferent
type, and te absencefaclearly defined channel marginsugyests tie daninance 6a
multiple-channel fluvial style, in which sinuties were low to moderate, and both lateral
and downstream accretion were commdfost bars and bar complexes were probably
mid-channel in orign rather than bakrattacted.” The low percenige of metamudstone



(fine siltite) argues foa lack of ovebank depass, or at leaisthe lack & presenation of €
such deposits. €

Map Patten€
The map pattern display by the laver straa of the Gunsight Formation and that of the €
underlying banded siltite unit of the Appleggk Formation are closely relate@onnor €
(21990, p. 9) stated that thertaked siltite unit (hismiddle subunit of the Yellowjacket €
Formation”) thinned rapidly to the easttlre Salmon River Mountains, probably to €
extinction. He attributed the thinning tatertonguing at both the top and the bottom of €
the unit, with loss of dracteistic strata eastwardl'hese relationsps are shown on the €
maps of Connor and Evans (1986) and Corih®®0, fig. 2A). My mapping (fig. 2) also €
indicates that the banded gétunit thins eastwarin the Salmon River Mountains. €

The abrupt end to the bandediglthummocky strata, and shoreface metasandstone
east of Lak Mountain is attributed terosion. From south to north in the Degan
Mountain toDeep Creek area of the SalmRiver Mountairs (figs. 2, 3),stratigraphic
units gradually appear upsection above the caaltge unit. In the vicinty of the Twin
Peaks mine and Degan Mountain, only the cosifsee unit is preent (fig. 3). The
banded siltite unit first appears about 3 kanth of Degan MountainThe southernmost
exposure of basal strata of the Gunsight Formation occarg 8tkm farther north, south
of Lake Mountain.Both the banded siltite itrand the overlying strata of the Gunsight
Formation dp moderatly northward in the @a;thus, the outcrops of the two units along
the ridge crest from Degan Mountain tokeaMountain display the southernmost
outcrops beach unit.

Structue €

Mapping in the east-centrpart of the Salmon River Muntains was conducted to €
determine th generbstructura style of the aea, in order to re$ee stratigraphic and €
sedimentologic problems, to confine possiblerpretations of # stratigraphy, and to €
integrate the local stratigphyinto the regional ptterns. These goals were accohghed €
by detailed mapping in critad areas, with some reconnaissance through the more €
generally mapped terrain shown on the maipgShockey (1957), Connor and Evans €
(1986), and Evans (1981). €

Poison Crele Thrust Fait €

The Poison Creek thrust fault,@of the majothrust faults of east-central Idaho, tregd
northwest aross the wesrn pat of the Lemhi Rnge and into the easn part of the €
Salmon River MountainsThe fault generally gis about 35SW. In the Lemhi Range, €
the thrist fault placed hagingwall drataof the Apple Creek Formation over footwall €
lower Paleaoic rocks and underlyig Mesopoterozoic strata of the Swger and €
Gunsight FormationsHangingwall rocks are padf the Poisa Creek thret sheet, and€
footwall rokks are p# of the McDevtt Creek thrust sheg(fig. 2, inset map) (Tysda€
2002). Recognition ananapping of the Poisonr€ek thiust fault across the part the €
study area tht lies in the Salmon Rer Mountairs (figs. 1-3) proved critical to €
determining that rck units thee are juxtaposednadifferent thrust shets just as they are €
in the Lemh Range. Some characteristicg the fault are describectte because €
strudure (1) bears importantly on ttieicknes of the Gunsight Formation in the area and €
(2) displays continuity of regionatructural and stratigraphic patterns. €



The Poison Creek thrufault was first delieatedacross the western part of the Lemhi €
Range by Tysdal (1996a) and Tysdal and Moye (1986Y. Evans, Falma Moye, and €
R.F. Hardyman (unpuliata, 1996) extendedefault into the eastern part of the Salmon €
River Mourtains, vcinity of the Twin Peaks men(fig. 2. Evans and associates €
recognized that an isolated, unnamed fault segment originally mapped near the Twin €
Peaks mine by Ekren (1988), and along which Apple Creek strgiaxtaposed against €
Ordovician carbonate rocks,asshort segment of the PoisGreek thrust.The fault is €
concealed Y volcanic rocks of the Eoceri@hallis Volcamnc Group northof the mine.€

The map of Ekren (1988) and the mappindlof. Evans, Falma Moye, and R.F. €
Hardyman (unpub. data, 1996) show the faudtsent near the Twin Peaks mine to trend €
only a few agrees west of north and dip steely to the west.North fran the mine €

area, | interprethe fault to extend for about 8 Koeneath volcanic rocks of the Eocene €
Challis Volcanic Group and to connect witke tiorthwest-trending Leesiog fault that €
Shockey (1957, pl. 1) mapped norést from nar the South Fork of Williams Creek to €
west of Phelan Mountaiffig. 3). (I considerthe Leesburg fault tbe a segment of the €
Poison Creek fault; the Poison Creek name is applied to the fault ttamaiantinuity €

for the regimal structue.) The nortlerly trending segment of the Poison Creek thrust €
fault coincices with a steepening of tifeult dip to 60—65« W. and a dmcutting across €
footwall Paleozoic rocksThe northerly trend and the steep dip of the Poison Creek €
thrust fault @ here intgreted & rdlecting an oblique footwall ramp, which strikes at an €
angle to the general rtbeast trangmrt directon of the hanggwall of the thrust falt. €

The northwest-trending Leesbusgyment of théPoison Crele thrust fault (northwe€

from near the South Fork of Williams Cretekwest of Phelan Mountain, fig. 3), was €
interpreted by Shockey (1957, pl. 2) as a resdault, up on the southwest, with a dip €
about 70« SW.However, intensely develogeleavage of thaixtaposed hangingwall €
and footwall rocks in th&outh Fork Willians Creek area indicate a stouest dip of €
30+—40- for the fadt segnent. Thin sectios of yper Gunsigt strata 6the footwall €
reveal potomylonite texures in some placedn contrast, Connor and Evans (198&) i€
reinterpretedhe Leesburg faultfdShockey (1957 as the southwest limit of a klipp€
overthrust from the southwest, and showed itsrdipned tothe nortleas at a low angle. €
They showed the northeast edge of the klippe to be a low-angle, southwest-dipping fault €
delimiting the northeast edgé the Swauger Formation eastRiielan Mountain (fig. 3). €
My observations show this Swauger contact to be depoaltiThe Leesburg nameas €
not used for the fault bgonnor and Evans (1986). €

Shockey (197, pl. 1) sbwed the northwedtending part & the Leesburg fault segment €
to be discontinuously exposed, with one esgmbpart southeast of Phelan Mountain (figs. €
2, 3) and the other near long 114+15"' W., ikamorth edge of the area of figure 2. €
Connor and Evans (1986) mapped fault segment in the sarpesition, but showed the €
Mesoproteraoic graiite pluton in the area aelong 114+15' W. (fig. Rin fault contact, €
dipping northeast at awoangle, with a klippe Near Napias Creek, | observedensely €
cleaved Prterozoic gante (fig. 3) in contact with Gunsighttsata and iterpre the €

contact as a faultThe cleavage dips southwesird at a moerate angle, and | interpret €
the faut to have the sme inclination€

Juxtaposed Strata €

Hangingwall strata in tnwestern pa of the Lanhi Range Bow the coese siltite uit of €

the Apple Creek Formation to be the youngest Proterozoic unit preserved in thelna@ge.
the east-central part of the Salmon River Mountains, inia Peaks mine to Degan €



Mountain area (fig. 2), only rocks of the uppart of the coarse siltitenit are present. €
Younger strata gradually appear northwiosin Degan MountainAbout 3 km north of €
Degan Mountain, the bandedtisd unit of the Apple Creekrops out.Farther north, €
about 3 km south of Lake Mountain, the hunokyobeds appearBoth the banded siltite €
unit and the overlying hummocky bedstloé Gunsight Formation dip moderately €
northward; thus, the outcrops of the two uaitsng the ridge creftom Degan Mountain €
to Lake Mountain display the southernmost outcrops of each Naith of Lake €
Mountain, the hummocky beds give way to shacefclastics, then fluai strata.In the €
area of the &uth Fork Wiliams Cred (fig. 3), where the Fison Creek fault changes €
from a natherly to a northwest trenghorefae drata of tke lower Gunsight are thrigs

over quartzite of the uppermost part of the €

Gunsight. €

Footwall strata of the Pson Creek thrust ithe western part dhe Lemhi Range show €
the uppermost Gunsight rocks and tbaformably overlying Swauger Formation to €
constitute tk youngest Mesoprotezoic rocls. (These strata lie mth of the Poison €
Creek thrust fault, north of lat 44¢52'3R" and near long 113¢52'30" W., and are not €
shown in fig 2.) The same footwall seques is present in thSalmon River Mountains, €
where the @auger and the directly underlyingpermost Gunsight rocks of the Phelan €
Mountain—Williams Creek area occur (fig. 3)his same structural and stratigraphic €
setting must exist farther northwest, on baites of the north-south concealed fault at €
long 114+ 07'30" W., because the&@iger andipper Gunsight strata west of the €
concealed fault appear be an extesion ofthe strata of ta Phelan Montain—Williams €
Creek area (fig. 3)Herce, west of theancealed fault, thedfson Creek thrust fault €
should lie southwest of the Swaudg@rmation. The thrwst has significant €
displacement—hence my agreement with Coramal Evans (1986) in interpreting a fault €
to delimit the northeastefroundary of the Proterozoicagrite near long 114+15' W. (fig. €
2). €

Tectonic Breccia €

Tectonic breccia was observed by me in four widely separated, isolated outcrops near the €
Poison Creek thrust faullThe isolated owtrops are disgrsed from near the SouthrkdE
Williams Creek to midway along the Deep Crétikige (fig. 3). The zor of brecciation €
trends toward the jution area of thé®eep Creek and MocdasCreek rods (fig. 3, €
where it is concealed by glacial defie. The kreccias are goposed of angular clasts of €
metasandstone tightly cementgithin a chloritizedmatrix of the same compositioin €
some placedyreccia fragnents are amposed ofnylonitic rock; the mylaite is oriented €
differently in adjacenclasts, intcaing reofentaion of the mylonite fabric during €€
brecciation processThe breccia is interpted as a product of extensamefamation. €
The breccias define theegerallocation of a fali, but the limited outcrops do not permit €
determination of a pre@docation. The extension took place subsequent to €
compresioral defamation that prodced the Poison Creekrtist fault ad likely reflects €
normal dsplacemenwithin the zone of the PoiadCreek thrgt. The magitude of the €
extension is uncertain, however. €

Thickness bGunsight Brmation €

The Gunsight Formation in the Salmon Ribwuntains area shown in figure 3 is too €
thin for a ful stratigraphic section to be pregerThat this is likely true can be shown by €
a compariso with the Gunsight tlickness in tb Lemhi Rang. Northwest fran the €



South Fork of Williams Creek, exteonsi along the trend of the Poison Creek fault €
subsequent to compressional thrusting aceofartsome of the thinned section of the €
Gunsight, yethe sae mtten of hamgingwall/foawall relaionships thaexists in the €
western pe of the Lemhi Range is maintained in the Sairver Mouwntains. €
Compressinal foldng and variake dip of the stta also indicate #t a full section bthe €
Gunsight Formation cannot be present mahea of figure 3, as explained in the €
following paragraphs. €

The Gunsight Formation at tiype section in the LemhidRge is greater than 1,725+ m €
thick (measured section of McBean, 1983), aniflaBean stated, is aomplete owing to €
a normal fault at the top diie section.Although the lowe part of the McBean (1983) €
section included about 450 m of the Apple Creek Formation, a normal fault may omit €
more than ths thickness of Gunsight stradtam the basal part of the Gunsight measured €
section (Tysdal, unpub. data, 199%).the PoisorPeak area of the rtbivestern part of €
the Lemhi Ringe (fig. 1), the Gungig is appoximately as titk as the typ section, €

based on the mappingovk of G.W. Winkler (upub. data, 996). €

In the vicinity of Lake Mountain, in the Salmon River Meains, thickesses determined €
from map patterns show thaethocks between the upper strata of the banded siltite unit €
southwest of the mountain and the trace efRlbison Creek thrustul northeast of it are €
much less than that of the Gunsight ia tiipe area and on the footwall of the Poison €
Creek thrust fault in the Lemhi RangBortheast of the Lake Mountaithrust fault (figs. €

2, 3), which is believed to have only minasplacement,igs of the shieface raks that €
overlie the hummocky beds generally displaydangle northwesterly dipsSteep dips €

are assoated with tigh folds in the viciniy of the Poison Creek tthst, however.The €
extensive area of low dips between the tophefbanded siltite unit and the Poison Creek €
thrust fault testifies to emuch too tin sequence of Gunsight dizdor theentire €

formation tobe presen €

In the Deep Creek Ridge area (fig, Bicknes determinaions also show that €€

Gunsight is too thin to accommodate #mgire famation. Assuning a vertical dip, th €
maximum thickness 6 the Gunsight in the study area woulel &bout 2,10 m, meastng €
from the topof the bandd siltite unit otthe Apple Creek Formation algrthe Deep €

Creek road to the inferddocation of the Po@n Creek thrusfault inthe vicinity of Deep €
Creek Ridge.This thickness is similar to tt in the type area and in therthwestern €

part of the lemhi Range.However, the dipsf the Gunsight in the Deep Creek Ridge €
area are not verticaDips geneally are moderate, the areantains locally tight folding, €
and minor thrust faults causepetition of strata.Taken togther, these data indicate that €
the Gunsighis less tAnthe maxmum possibe thickness, ahprobably less than half its €
actual thickess in tis area. €

Other Impications d Existen@ of Poison CrdeThrust Shet in €

Salmon River Mountains €

Recognitionthat tre Poison Creek thst fault extends northestward fron the Lemh€
Range well into the Salmon River Mountahlmes ®veral imgications, including the €
following: (1) Paleozac and Mesomterazoic dutons in tle northwestern part of the €
map areas shown in figes 2 and 3 are timited on the nortbast by tk Poison Creek €
thrust fault. The plutons a part of the Poison Creek tistitsheet and must have been €
transported northeast durittyyusting and, therefore, must tmotless.(2) The Poison €
Creek thrust fault displaced older rocks oyeunger rocks, the usual situatiohhe €
plutons of tke Poison Creek thrust sheeetbfae, should repesent a deeg level of €



pluton empacementhan do similar plutons presit in the footwall McDevitt Creek rocks
northeast of the that fault,north of the map ared3) The stratabound cobalthbrirg
mineralized rocks of the Blackbird mining dist are part of the Poison Creekubt

sheet and are rootles@l) The baned siltiie unit that hets the mieralized rocks of the
Blackbird dstrict in the Salmon Rer Moungins is almost entirely absent frothe

Lemhi Rang. It occus only in a mall fault sliver of tre Poison Creek thst fault in the
westernmost part of the rang€&he banded Hite unit probably existed within the Poison
Creek thrussheet in the Lemhi Raeduthas been eroded from exposed rockse
Blackbird type of mirerdization corfined to tle banded siltite unit is, if gsent in the
western part of the Lemhi Rangencealed besath the Gusight Formation.

Conclusions

Stratigraphic units of the Mesoproterozoic Apple Creek, Gunsight, and Swauger
Formations present inel_emhi Range corrdlawith stratigraphic uts in the Salmon
River Mourtains that peviously wee asgned to the Yellowjacket and Big Creek
Formations.The “middle subunit of the Yellgjacket Formation” (Connor and Evans,
1986) in the Salmon R&r Mountairs is re@medthe banded siltite utnand placed irthe
Apple Creek FormationStrata of the “upper subunit of the Yellowjacket Formation” are
correlated wth the Gunsight Formation ¢fie Lemhi Range and renamed accorljing
Strata peviously interpreted as the Mesofarozoic Big Creek Formation, on a thrust-
floored Kippe in the adern pat of the Salmon River Mouains, ae deéermired to lie
depositionally above the Gunsight Formatsnd are assigned to the &yger Formation.
The banded siltite unit of the Apple Creekrfaation lies conformably alve the coarse
siltite unit of the formation, which previolyswvas correlated bew®en the Lemhi Range
and the Salmon River Mountains. The bandedssilinit is confined almost entirely to
the Salmon River Mountaingzrom southwest tonortheasin the Salmon River
Mountains, the stratigraphguccession reflects a mariokshore to fluvial onshore
sequenceThe coarse siltite unand mosbf the overlying bnded siltite unit of the
Apple CreekFormation &e interpretd as marineurbidtes that were depsited dfshore,

in a slope or fan settingJpper strata of the banded siltite unit are interpreted as
turbidites that were reworked by currentgopably related to stormsBasal strata of the
Gunsight Formation are hummocky crositiedmetaandstone intgreted as ston
deposits.Preserved honmocky beds must haveen deposited below storm wave-base.
Gradationally overlying beds, with somedarbedded hummocky crossbedded strata, are
termed shoreface strata and aterpreted as stlow marire. Younger strata of the
lower part & the Gunsibt Formaion displgy characteristics of flual racks and likely
were deposited in a delta plain.

Continuity d the gratigraphic sucession fran the Lemhi Rage to the 8 mon Rive
Mountains, as well as subdivisiof the units within th&Salmon River Mountains, was
accomplished in part through gedlogappng in the Salmo River Mowntains to
determine ontinuity of strictural features there withase of the Lemhi Rangd.he
Poison Creek thrust fault, and the Poison Ciérlst shet that forms the hangingwall of
the thrust fault, extend into the easterrn pathe Salmon River Mountaing.he Apple
Creek Formation and overlying basal strata of the Gunsight Formfarm part of the
hangingwall Poison Creek thrust sheet in$adémon River MountainsMineral deposits
of the Blaclkird mining district, as well aslesopoteraoic ganite (fig. 3, also form

part of the Bison Creek thrust sheet andre/elisplaced to the northeasirithg orogenic
activity. Rocks exposed in the fowall of the thiust faut in the Salmon River Mouains



are upper strata of the Gunsight Fotimaand the conforntdy overlying Swauger €
Formation. €
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Figure 1. Eat-certral Idaho and adjacent part of sbuiestern Montana, showing €
geographic features and areé&gigures 2 and. Light shademountairs; dark shade, €
areas bSalmon Natioa Forest within mountainsDash-dd lines, boudaries €
nationd forests. €

Figure 2. Geology of ceral part & Salmon River Mountains and adjacewestern part €
of Lemhi Range. Lemh Range lies east of Salmon River lfashown in inset map, €
lower Idt corner of figue. €

Figure 3 (above and facing page). Lakeuvitain to Deep Creek area, Salmon River €
Mountains, showing Poison Creek thrdatilt. €

EXPLANATION €
Qu Quaternary sediments, undivided €
Tc Eocene Challis Vicanic Groyp €
Od Ordovician dolomite €
Ogr Ordovician granitic rocks €
Mesopotera@oic wnits
Ygr Granitic intrusive rocks
Ys Swauger Forntéon
Yg Gunsight Formation
Apple Creek Formation
Yab Banded siltite unit
Yac Coarse siltite unit

Contact
Normal fault--Dotted where conded;
bar and ball on downthrown side
Thrust falt--Dotted whee conceked,
queried where uncertain; sawteeth on
upper plate
Syncline--®iowing trace of axial plane
Anticline--Showing trae of axid plane
Overturned antime--Showing trae
of axial plane
Breccia
Strike and tp of beds
Inclined
Verticd
Overturned
Mine



Table 1. Correlation dagram for Mesoproterozoic formations in €
hangingwall and footwall of Poison €k thrust sheet (fig. 2) in €
western part of Lemhi &ge and eastern part of Salmon River €
Mountains. The Big Creek Fornteon in the Salmon River €

Mountains is reassigned to the SwauFormation, and the €

directly underlying rock are assigned to the Gunsight Formation. €

The contact of the two formatiomsconformable, as originally €
interpreted by Shockey (1957), aischot a thrust fault as later €
interpreted by Connor and Evans (1986). €

[No thickness of fomations is implied. Height of boxes is geger for sme €
units to accommodate differennomenclatee and(or) subdvisions of forma-€
tions] €

Figure 4. Diagrammatic illdsation of generafacies réationships interpréed for strata€
within the banded siltite unit of the AgpCreek Formation and the overlying Gunsight €
Formation in the eastepart of the Salmon Rar Mountairs. The figure illstrates the €
relationships for strata southwest afigon Creek thrust fault as shown in figure 3—that €
is, on Poisa Creek thrat sheet.Shoe-normal section shawocean position during €
deposition 6 units. No relative tlickness of units is imed. €

Figure 5. Finely laminated strata in baddstite unit of Apple Creek Brmation. €
Woodtick Qeek (fig. 1) in the Salmon Rer Mountains.Pencil segment 5 cm long. €

Figure 6. Dikelets in bated siltite wnit of Apple Creek Formation, from Swan Peak (fig. €
3). Pencil 13 cm long. €

Figure 7. Typical outcrop of upper strata ohtied siltite unit oApple Geek Formation, €
showing interlayered beds of lighgray meaasanistone and ak-gray siltite. Note €

laterally discontinuous metasandstone beds, sapering and others abruptly truncated. €
Irreguar thickness of metasanidaeand sitite beds is iterpreted to indicate $6€

sediment deformation, adjustment of stratadocape of water from water-saturated silt €
during and Bortly dter deposition dstrata. Deep Creek rod area of Slnon River €
Mountains. Hammer head 20 cm long. €

Figure 8. Detailed view of uppstrata of banded siltite urof Apple Creek Formation. €
Note the fdlowing: Loc. A—metasadstone deformed into “syle,” and overlain by €
undeformed siltite and metagistone.Loc. B—crosslamiae of metasarstbne bed €
show angular discordance with direatlyerlying metasandstone and siltite. €
Metasandtane beds 1 ah2 show minor distbbance, but strata tveeen the two beds €
show significant disruption, indicatinthatthe sdt-sediment defomation+ erosioml €
history d the straa beween beds 1ral 2 diffas. Deep Creek road ameof Salmon Rigr €
Mountains. Thickness bstratain photograph abut 50 cm. €

Figure 9. Light-gray m@asand®ne bed cuby dark-gray siltite during dt6-sediment €
deformation Structue interpreted toeflect loading of sandstone bed onto water-€
saturated silt, causing fdage of silt and diruption of the sandstone beldote soft-€
sediment deformation of strata belogrupted bed and unbroken metasandstone bed €
above it. Lake Mountain area of Sabn River MountainsPencil 13 cm long. €



