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The Kinnikinic Quartzite (Middle Ordovician) in the Type Area, 
Central Idaho, and a New Reference Section near Arco, Idaho 

ROBERT Q. OAKS, JR. 
Department of Geology 
Ulah State Uniwerritj 
Logan, Utah 84322 

W .  CALVIN JAMES 
Departnzrnt of Earth Sczentes 

Unrzrrsrty of Notre Danrr 
Notre Damr. Indzana 46>56 

ABSTRACT.-Through most of its extent in east central Idaho, the Kinnikinic 
Quartzite of Middle Ordovician age is a fine- to medium-grained, silica-ce- 
mcnted quartz arenite. Gradual subsidence during deposition on a shallow, 
open-marine shelf resulted in accumularions of almost 100 m in the southeast, 
near Arco, and more than 450 m near and west of Gilmore. 

In the type area, n a r  Clayton, the Kinnikinic is noticeably darker and finer 
grained than elsewhere and contains interbedded shales that are sparsely fossili- 
ferous. The fossils are the first found in the Kinnikinic. They include specimens 
of bryozoans and crinoidlike forms and the brachiopods Lorciorthi~, SowerbyeIIa 
or Thaerodonta, and a ?rhynchonellid. This assemblage is essentially the same as 
that in the lower shaly unit of the overlying Saturday Mountain Formation. 
Probably the Kinnikinic in the type area represents the transition from shelf 
deposits, typical farther east, and slope deposits of the Phi Kappa Formation, 
farther south. Two shale-rich units within the Kinnikinic in the type area may 
be tongues of the Saturday Mountain Formation. 

The shales, the fine grain size of the quartzites, and the common dark col- 
ors of the Kinnikinic in the type area contrast with typical characteristics of the 
main body of the Kinnikinic farther east. Furthermore, in the type area, the 
Kinnikinic is complexly folded and faulted, and only an incomplete, composite 
section at least 121 m thick is present. For these relsons we propose a more 
accessible, and more typical, new reference section near Arco, Idaho, at the 
southeast end of the Lost River Range. 

INTRODUCTION 

James and Oaks (1977) documented the wide extent and 
open-shelf marine origin of the Kinnikinic Quartzite (Middle 
Ordovician) in the region east of the type area (Clayton, 
Idaho; fig. 1). In this eastern region the Kinnikinic consists of 
unfossiliferous, fine- to medium-grained, silica-cemented, super- 
mature quartz arenite, characterized by pale colors. Shale inter- 
beds are unknown, and shale partings are extremely rare. Trace 
fossils are present locally within distinct zones and consist 
chiefly of Skolithos, a high-energy form we did not find in the 
type area. 

Differential subsidence during deposition gave rise to depo- 
sitional pinchout of the Kinnikinic to the northeast against the 
Lemhi Arch and thinning toward the Arco Arch in the south- 
east, from more than 450 m near and west of Gilmore to 
slightly less than 100 m near Arco (James and Oaks 1977, fig. 
5). To  the west and southwest, shales and finer-grained quartz- 
ites in the type area and the Phi Kappa Formation, respectively, 
suggest an offshore transition from shelf to slope deposits. 

Oaks and others (1977) noted that the Kinnikinic Quartz- 
ite is consanguineous and approximately coeval, hence correla- 
tive, with the upper (Eureka) member of the Swan Peak For- 
mation in north central Utah and southeastern Idaho, and with 
the Eureka Quartzite of northwestern Utah. Figure 2 shows ex- 
tents of these units and other correlative units. Of special inter- 
est are the slope deposits of the Valmy Formation and of 
the Vinini Formation (Stanley and Chamberlain 1974), 

probable southward depositional equivalents of the Phi Kappa 
Formation. 

Hydrocarbons have been produced from the correlative 
Black Island Sandstone of the Winnipeg Group (Foster 1972) 
in the Williston Basin (North Dakota), from sandstones of the 
Simpson Group in Oklahoma, and from the St. Peter Sand- 
stone through much of the Midcontinent region (fig. 2). Un- 
fortunately, pervasive cementation by silica, predating the Lara- 
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FIGURE 1.-Locality map of Idaho showing type area (Clayton) and new refer- 
ence section (Arco). Thickness of Kinnikinic shown with contour inter- 
val of 100 meters. 





Ross (1014. 1917) bcl~c\cd thdr rht\ tntlrc scclucnLc u d \  
Early or Middle Otdovicr~~n 111 age, on the h,t<r\ 01 rite I , ~ t c  0 1 -  
dovician age of the overlying Saturday hZount'11n Forn i i~ t~on  
and the earliest Ordovicran age of the apparently conformabl\ 
underlying Rarnshorn Slate. Sparse, unspec~fied foss1l5, prcsum 
ably from the K~nnikintc, were found in the central 1,emhr 
Range near Gilmore, Idaho (fig. 1). and suhsequentll .~sstgnctl 
an early l a t e  Ordovlclan age by G A. Coopet (Ros, 1947, p 
1,104). Recent work In the Gilmore rrea, by R J Ross, J r  , .11lc1 
E. 2'. Ruppel has esrabl~shed that these fosds  probably c ~ ~ r n c  
from an infaulted block of the overlying Ftsh Haven (5aturd.11 
Mountain) Forn~ation (E. T. Ruppel oral ci)cnmuntc.ition 
1976) Otherwise, we know of n o  other tossils pteviousl~ rr- 
ported from the K t n n ~ k i n ~ i  

In the type area, Patton (1948, p 7-15) proposeci sub 
division of the I(rnniktnic of Ross into four Iittioli)g~call~ ( $ I \  

tinct members, from oldest to youngeqt ~s Follows ( I )  t.ower 
Member, at l a s t  670 m (2,200 ft, cornpastte secttoil) crf rtltei- 
bedded quartzrtes, d o l o m ~ t t c  quartl;ites, and shales, tn- 
campletely exposed along the axis of the north-trend~nl; Clav- 
ton anticlitie, (2) Clayton Quartzite hlember, about '180 rrl 
(1,580 ft) of pebbly, feldspathic qwrtxrte, conglomeratic nedr 
the top, shdy nyar the base, exposed on both flanks of the 
Cllayton anticline; (3) Elld Dolomite Member, about 105 111 

(340 ft) of quartz-bearing dolostone exposed on both flanks of 
the Clayton anticlme; and (4) South Butte Quartzrte Member, 
255 m (840 fr) of quartzite, dolomitic near the base, locall\ 
shaly, with "fucoids" near the top, completely expitsed on11 
along the west flank of the Clayton anttcltne ( p  141, but 
nearly absent along the east flank, neat Kinniktn~c Cteek, he- 
cause of Eaulting. Pattoti (1948, p ?, 9) accepted the dge as5ign- 
ment of Early Ordovician for the Ramshorn Slate and helte\ect 
its contact with the Kinnikinic to  be confcIrmable 

Ketner (19<5. p 90) recognized that only the upper part of 
the Kinnikrnic as originally defined in the type area conform\ 
with usaee farther east and northeast and that the more nter,t c 

morphored, underlying strata resemble Cambrian ;inti Pre- 
cambrian quartzites In litah. Res t r~c t~on  and redefinition weic 
proposed formally by Hobbs, Hays, and R J. Ross. Jr ( 1968). 
who had clear foss~l evidence (brachiopods, conodonts) t h ~ r  
the Ella Dolomrte is early M~ddle  Ordovician in age, that the 
lowest part of the Saturday Mountain Formation IS late Middle 
Ordovician in age (cf Churkin 1963, Ross and Berry 1963 1. 
and that the Clayton Quartrite Member, renamed the Cfayton 
Mine Quartzite, probably is stratigraphically above trilobites 
and brachiopods of early Middle or late Early Cambrian agr 
Hobbs, Hays, and Ross (1968, p. 17) challenged the correlation 
by C. P. Ross (1934) of h~ssiliferous strata 9 5 km (6 mi) south 
with the Ramshorn Slate in the type area of the Klnn~kiritc 
They therefore proposed that the name K~nnikintc  be restricted 
to the unit between the Ella and the Saturday Mountain As 
redefined, the K~nnikinic in the type area is consistent with es- 
tablished usage elsewhere (cf James and Oaks 1077) 

Hobbs, H+, ~ n t l  Ro\s (1968, p (I) designated .t retcrenie 
section about i km ( 2  I ~ I I )  wcst of ('la\ton 'tt exposure\ ncrr 
road level along the north s ~ d c  of I1 S 93 ftom the rtvcr bridge 
rastward for '~hout 245 111 (800 ft) They notc~i  ( p  9-10) t1l.11 
faul t~ng h.as iepcatted part ot the torm,trion, s o  tll'it their tom- 
puted th1cknes5 of h o u r  215 rn (700 ft)  prob.~hlc IS roo g~c'lr 
'I'ticl dcxrrhcrl tlir rcdcfincti K c n n ~ h r ~ r ~ i  '1s a p~cciott~tl iu~tI\  
I ~ g h t  gray to white cliurtz~te composed '~lmost entirely ot me- 
&urn-grained (0  1-0 5 i111-n). rounded quartl; gram, cemenred 
w ~ t h  secondary sil~ca overgrowths They also noted (1968, p 
10) that tlie reference wction contalns an unusiiall~ large 

,?mount ot cia~k clu.tit/~tc. that thrir hcd, t > t  5l1.1lc ,~nrJ inudironc 
arc pre\cnt l o < ~ l l i  rii t l ~ c  upper p'lrt. ,~n(l th,ir 11711101 \!l,tls part 
lngs loc.illv separate qualtzlte bed\ elsewhere tn t h ~ \  \ettlon 
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John E. 13irclre.r- :issi.;rct! in fart  of t l ~ c  fieldwork. t)crrtr T. 
Kctlcs:ir tnadc ;rntJ i~>tt.ryrcted X-r;rv Jiti'r:~c topr;im\ t ,f  ti.;(: urn- 
pies. Re~ibrn  ]. Ross, -jr., iiicrrtitlc.ii thc fossils trom tilt. hlrtiillc 
h'feinhcr. S. Warren Wohhs. 31ichac.l <:hnrktn, Jr.. :rncl tctward 
'I'. Kupllcl rcvicivcti tlrc tnartusc ript and offered hc.lpt;t I sugges- 
tions and crititisn~.;. 

Llci;tusc ~t is :I iclttp riisranir fronr oriicr i.ornj~ic:t sci.tions 
o i  Kirinik~tiii 111 rt,tst t cn t~11  1ti:iIlo .rnd hc(.:tuse i: I S  tlic type 
area, wc I~opccl to lotarc :ttid nie:tsure s co~riplt.tc tvpi. \cition 
i l l  thi. (:l;ivton :trc.;i. Hct A U S ~  of tile S ~ I - L I C  tuiai io~iiplcsir\  of t!lc 
region, wc niappc(i :in ;rrc.:i ot :ii)ctut 1 . 4  k ~ n '  (0.5 '(1. mi) :lor ( t i  

of t l ~ c  Sal~non Ki\.er. :mil nicacurcci st\: p,rrti;il acititilt\. ' rhc 
measurcti sectiotts arc ticsignateti Li  t!iro\ipii %, i;-oin iiortll rib 
sourli (,fig. 3). hlc;rsuretj s c c t ~ o ~ i  IT is 111 sectior~ 17, T', t i  N, R. 
l 7  E, :thot~t 0.1 knt nc)rth of section 12.  Rlcasurc.c! scction V is 
aho~ t t  O. 15 kt11 ~011th of scc tion 15, wttcrra\ n~easrrrt.~! .;c.ction Z 
is on  the i~ortl l  margin of section 27.  On ac.count of htrlting 
and rvc were ;tble t o  compile only a parti:ii. co~nposite 
scc tion. 

Figure 3 is our rrc.onn;tissanre gctologic m'iy, traced over 
l1.S. Forest Service air photo E<2X-15-177 (3 Seprcmher lo66). 
I-tobhs, 1-fays, and hlclntyre (l')73) reic:isctl a der:;ilctl, open-file 
get.'logic map of inorc than 5 0 0  kni' (200  scl. n ~ i )  th:tf showed a 
different structuinl iriterprcration htr tl-ic snlall are:] in qtiestictn. 
Therefore, we rcvisitcd ttie type are:; but concludeti tl-rat our 
map I-ccl~~ircd only minor changes. 

Sr.ccral fcaturcs .ire of importance in our struc.tur;rl syil- 
thesis. 7'1ic first is a tightly fi~lded, north-trcntlinp sync.line 
along the axis of the main ridge (Sttuaw syncline, herc named 
for the Squaw H.hl., (:layton 15-minute clu:~drartglc). Fossili- 
krous  silt-shale, with slaty cleavage and fossil cft:~r.:tc tcr~stic. of 
the Saturciay hli)unratn Formation, is present along the syn- 
cline axis (figs. 3. 1). 'l'ttis syncline is fl:~nketl to rfic wcst by a 
tightly t;)lcteci and overturned, north-trericiin,g :lririi.line in the 
Kinnikinic Quartzite (Ritlgc Line :~nticlirie). 'I'iie Ritlge Line 
ant ic l inr  appears t o  be ;I tlisharmonic foltl that  (lies o u t  
downwarti in shales of the Middle hleinhcr of tile Kinnikinic 
(fig. 4). 

East of tlte Squaw svnclinc are two west-dipping, high- 
angle reverse faults that repcat portions of the west-dipping 
Kinnikiriic Quartzite. These two reverse faitlts :ire preseri t be- 
tween the Salmon Rivcr and the line of section in figure 3. 
? + I hey merge northward near tlie top of the high, rastwat-d-fac- 
i r ~ g  cliffs we call thc Palis;ldes (fig. 4). and meet between mea- 
sured scc,rions X ant1 Y (tig, 3). Norttr front \vltcre they merge, 
two f:tults of sri~all tlisplacement. possibly also high-angle re- 
verse, slope upward to  the west and to the .cast (figs. ?, $1). 
Rocks above the two major. west-dipping reverse f ,~ults have 
overrun the west flailh of t!tc C1~yto11 :1nti(.lin~. Fir~:illy. several 
normal bul ts  cut the Squaw syncline :mi Ridge I.ine ;~ntit  line. 
'Tltese are ntwly vertical :rnd prohably of small offset (fig. 3 ) .  

Hobhs, Mays, and Ross (1968. p. 10--i 1) presentetl evidence 
suggesting that faulting has occurred " n e r  and subparallel to 
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FIGL'RE 3.-Rcconnais\:lncc gc<)log~c map :rnd section of K i n n i k i n i ~  t!.pc arc:]. north of S;rlrnon River :lnd wcsr of (:l.tvtr~n. 1~1;111~1, .r t icI  <orrc\ponding :xcri:~l p h o t ~ -  
gmph.  Explanation: 1 = Lower Quar tz~ tc  hlcmhcr: 2 = Middle hlemhcr: 3 = l lppcr  Quarc/ite hlcrnhcr: S = Sluml> hlock: D < I c \  = bf.rrgin ,)t <alluvium: 
Sawrccrh = Reverse fault. Heavy lines show I<>c:rtions of mc;rsurcd ..*.ctions I1 t,, 7.. ~rc~;pc~tivclv. from north to snurh. 



K I N N I K I N I C  QUARTZITE-NEW REFERENCE SECTION. ARCO, I D A H O  5 

FIGURE 4.-Type area of Kinnikinic Quartzite with structural interpretations. Vit 
Quartzite; 0 s m  = Saturday Mountain Formation. 

the base" of the Saturday Mountain Formation in this area, at  
least locally. Hobbs, Hays, and McIntyre (1975) showed a 
northwest-trending fault of small displacement across the base 
of the Palisades, with which we concur (not shown in fig. 3). 

STRATIGRAPHY O F  K I N N I K I N I C  QUARTZITE 

Overview 

The structural synthesis outlined above was facilitated by a 
laterally persistent shaly sequence within the Kinnikinic. Inter- 
beds of shale within the Kinnikinic previously were noted by 
Patton (1948) and by Hobbs, Hays, and Ross (1968). However, 
the distinctiveness and the importance of this unit were not 
previously determined. Furthermore, this shaly sequence con- 
tains the first definite body fossils found within the Kinnikinic. 
Correspondingly, we propose to subdivide the composite type 
section of the Kinnikinic into the following units: (1) Lower 
Quartzite Member, at  least 75 m thick, composed of a basal 
quartzite, a shaly quartzite, and a top quartzite; (2) Middle 
Member, about 25 m thick, composed of a lower shaly marker, 
a quartzite marker, and an upper shaly marker; and (3) Upper 
Quartzite Member, about 27 m thick. In the field, the contact 
between the Lower and Middle Members is sharp and appears 
conformable. Contacts within the Lower Quartzite Member, 
within the Middle Member, and at  the base of the Upper 
Quartzite Member, are all gradational. Stratigraphic relations 
and thicknesses are shown in figure 5, and the members are de- 
scribed in sequence below. 

Lower Quartzite Member 

The basal quartzite of the Lower Quartzite Member con- 
formably overlies the Ella Dolomite in section X. There it is at  
least 17 m thick below a fault and consists of fine- t o  medium- 
grained quartz arenite in parallel t o  gently wedging beds 9 to 
55 cm thick. Laminae are indistinct and bedding generally is 
also. N o  burrows were observed. Fresh colors range from white 
(N9) to light olive gray (5 Y 6/1), medium gray (NS) ,  and 
brownish gray (5 YR 4/1). In section W, the basal quartzite is 
at least 16 m thick, above a covered and faulted interval (fig. 
5). Here the upper part is locally fine to  coarse grained, but 
otherwise it is similar t o  the basal quartzite in section X. 

'.\ Midd le  
Member 

.w N N E  from entrance of Sullivan H o t  Springs. at IJ.S. 93. 8k = Kinnikinic 

The shaly quartzite within the Lower Quartzite Member 
consists dominantly of quartzites containing dark gray partings 
of silt-shale (cf. Blatt, Middleton, and Murray 1972, p. 375) and 
thin beds of noncalcareous silt-shales up  to  t or 2 cm thick. 
The  quartzites associated with these silt-shales tend t o  be thin- 
ner, medium to  dark gray, very fine- to  fine-grained quartz are- 
nites, or  quartz siltites with more than half the quartz in the 
coarse-silt grade. Quartzites without silt-shales form a minor 
part of theshaly unit. "Packets" of quartzites without 
silt-shales are interbedded with the other quartzites bu t  tend to 
be thicker, white or light gray, and fine to medium grained or  
even coarse grained. Bedding in quartzites is parallel and wavy 
parallel to gently wedging and 1.5 to  91 cm thick. Simple and 
branched. horizontal. sinuous burrows about 5 rnm in diameter 
are rare, ;hiefly in quartzites associated with the shales. This 
shaly unit of the Lower Quartzite Member is partially exposed 
in sections U and Y and entirely exposed in section W (fig. 5). 
Its thickness is about 29 m. 

The  to^ auartzite of the Lower Ouartzite Member is ex- 
L I . 

posed in all 6 sections measured. I t  is approximately 26 m thick 
(fig. 5). I t  contains rare silt-shale partings in section V but  not 
elsewhere. This top quartzite consists of fine- t o  medium- 
grained and medium- to  coarse-grained quartz arenite in parallel 
and wavy parallel t o  gently wedging beds 6 to  76 cm thick. In- 
distinct laminae are parallel. Rare, simple and branched, hori- 
zontal, sinuous burrows about 5 mm in diameter are present 
locally (fig. 5). Fresh colors typically range from white to me- 
dium gray and, rarely, dark gray. O n e  dark gray bed in section 
V contains rounded chips of siltstone up  to  8 mm in diameter. 
Overall, the top quartzite is coarser grained than quartzites in 
the shalv unit and in the basal auartzite. This coarseness is also 

1 

reflected in the scarcity of quartz siltites and of dark colors in 
the top quartzite. 

Middle hlember 

The  lower shaly marker of the Middle Member is com- 
pletely exposed in sections U, V, W, and Y (fig. 5). I t  averages 
5 m thick. This unit consists of subequal amounts of inter- 
bedded quartzites and noncalcareous silt-shales. The quartzites 
are medium to  dark gray quartz siltites and very fine- to fine- 
grained quartz arenites in parallel to wavy parallel beds 3 to 15 
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cin tli~ck 'The \1lt-5hales die mostly dark grdy, p ~ ~ a l j e l  to wavy t l y ~ c s  Q U A I W I R  I \ ~ I I ~ ) c I  

parallel beddd ,  2nd 3 mm to 9 cm thick Simple and branched. The  Upper Quartzite Member is well exposed m all sec- 
hor~zontal sinuous burrows about 5 mm In diamctel are com- tions although probably by a fault at the top of set- 
mon In wverai quartzites and some minor hght colored d t -  tions U and V and likely partly by faulting in section 
\tone-5 in %cti<>~>\ IJ dnd Y Scdttcred molds o f  broken fossil X (figs. 3, 5 ) .  I t  averages about 27 m thick. This con- 
debm were found In medtum-grdy burrowed ~ ~ l t s t o n e s  of the tains minor shale partings and, locally, than silt-shales up to 3 
lower shaly marker ~n section W cm thick. The  basal part in section V contains numerous thin 

The  quartzite marker of the M~ddle  Member 1s completelv silt-shales and mlnor quartz siltices and is gradational w ~ t h  the 
expo,ed In section\ {J. V. W. 2nd Y I t  averages 5 m rhlck underlying hiiddle Member through an interval of about 10 m. 
?'hi\ unit conslsts of cjuartzitcs with varying but \ubordlnatc Elsewhere, this contact is sharp or gradational through an 
amounts of ~nterbedded vlt-shales The cluartzttes are whlte to of 2 m or less. With  the exceptions above, the 
dark gray qudrtz ~i l t i te \  and ven, fine- t o  meci~um-grd~ned IJpper Quartzite Member consists of white to dark gray, fine- 
quartz drenltes in parallel beds 3 to 37 cm thick Where vi\ible, t o  medium-grained and medium- to coarse-grained quartz are- 
laminae are parallel The ult-sh'~le\ are medium to  ddik gray, nite In parallel and wavy parallel to gently beds 3 to 
parallel to wavy parallel bedded, and 1 mm to 6 cm thick In 46 cm thick Slight overall upwad was noted in set- 
sectlon quartz siltltes dnd some minor, I ~ g h t  colored slit- tions U and V Rare, and branched honzonta] burrows 
stones die burrow churned (bloturbation) were found only ~n the trans~tional zone at  the base of this 

The upper \ t~al\  mdrkc~ of the Midclle Membt.1 1s corn- unit in section V 
pletely exposed In secttons I f ,  V, W, i nd  k' It averages 15 m 
ttuck ant1 is essentiallv tdent~cal In charactel to the lower sllalv 
marker A foss~liferoui horizon just abovc the bdsc was trdced I)l \< t \ \ I O N  

continuou\lc trom xctlon W to sect~oll Y,  and \~rnrl '~r moldc The Lower Quar t z~ te  Member of the K i n n ~ k ~ n i c  is thicker 
of fossils were collected from the top ot t h ~ s  unlt at section V than thc iomb~ncti  M~ddle  ~ n d  tipper Mcrnbers home be^, the 
The fossils lnciude Lnrdortba, Sowerbyella or Tbaevodonta, and a shdly qudltzlte unlt of the Lower Quartzite hiember IS about 
rhynctionellitl) (brach~opods) and specimens of bryoroans and the same thtckness as the Middle Member, and the- top quartz- 
crinoldl~ke forms, all ~dentlfied tentativelv by K J Ros4, Jr ite IS about the same thtcknew a\ the Uppcr Quartztte Member 
(written commun~catton 1976) Ros\ noted t h ~ t  this a\\em- (fig 5 ) .  'fhus, the posslbillty exl<t\ of repetition dlong a bed- 
blage IS essentially the same as that In the lower shaly unlt of cltng-pl.tne fault d t  the t)a\c of the iC11ddle hlcmber Escepr foi 
the Saturday Mountain Formation the s h x p  basal conract of the Mtddle Member and mtnor lola1 

T H I C K N E S S E S  OF UNITS, IN  M E T E R S  

Basal Quartzite 



defor~nation in silt-shales throughout thc unit, we found littlc 
evidenic for structural deformation at the base of the Middle 
Me~n  her. 

In comparison, quartzites of the shaly quartzite unit of the 
Lower Quartzite Member are coarser grained, overall, than 
quartzites of the Middle Member, and shales are much less 
common. Similarly, the top quartzite of the Lower Quarzite 
Member differs from thc Upper Quartzite Member in its higher 
overall content of coarse-grained sand, its lesser content of 
shaly partings, its smaller number of dark gray quartzites, and 
its greater number of apparent burrowed beds. 

The above evidence suggests that deposition of the Middle 
and LJpper hfembers took place under quieter, less oxygenated 
marine conditions than the two similar units in the Lower 
Quartzite Member. The field evidence does not clearly indicate 
eastward displacement of the Middle and Upper Members rela- 
tive to the Lower Quartzite Member. Thus, the vertical se- 
quence in t l ~ c  composite type section suggests three major pul- 
ses of transgression. culminating in deposition of the lower 
shaly unit of the Saturday Mountain Formation. The  quartzites 
in the Kinnikinic below, Ixtween, and within the shaly se- 
quences probably represent shallow-shelf, open-marine sands de- 
rived from the craton, possibly from the Idemhi Arch along the 
present Idaho-Montana border (cf. Ross 1976; Ruppel 1976, 
1978; James and Oaks 1977). 

The lower shaly marker of the Middle hle~nber appears to 
thin or pinch out to the south in the cliffs brtwcen sections Y 
and Z .  Possibly it becomes more sandy and less distinct south- 
ward, or it may be thinned tectonically. In these cliffs, there- 
fore, the quartzite marker of the Middle Member could not be 
differentiated readily from the Lower Quartzite Member in sev- 
eral places on the aerial photos. The quartzite marker of the 
Middle Member also becomes more shaly and less distinct 
northward so that its top is gradational in section U. The  up- 
per shaly marker of the Middle Member becomes more sandy 
toward the middle so that its top is gradational in sections V 
and W .  This shaly marker appears to thicken rapidly near sec- 
tion Y and westward near the axis of the Ridge Line anticline 
(fig. 5). Also, shales begin to dominate in the section, and 
some contortion is apparent. W e  attribute this local southward 
thickening and increase in shales, in part, t o  compression. The 
Upper Quartzite Membcr becomes more shaly northward. 

Thus. silt-shales and minor siltstones are intimatelv inter- 
bedded with quartzites (quartz arenites and mlnor quirtz sil- 
rites), as previously noted by Patton (1948) and Hobbs, Hays, 
and Ross (1968). Quartzites associated with shales are generally 
darker and finer grained than those in the shale-poor sequences. 
Distinct lateral changes in grain size are noticeable through a 
north-south distance of only about 1 km in both thc Middle 
Member and the Upper Quartzite Member. The above evidence 
and the lateral continuity of these units suggest to us that the 
shale:, are an integral part of the Kinnikinic sequence. W e  in- 
terpret the shaly markers of the Middle Member and the shaly 
quartzite of the Lower Quartzite Member as tongues of the 
lower shaly unit of the Saturday Mountain Formation. The fos- 
sil evidence supports this interpretation. W e  believe that sedi- 
ments in the type area occupied a transitional position between 
shelf deposits, more typical of the Kinnikinic farther east and 
shalier slope deposits of the Phi Kappa Formation farther south 
near Ketchum (fig. 1; cf. James and Oaks 1977, fig. 15, 
p. 1508). 

C. P. Ross (1937) and all subsequent workers have noted 
the dissimilarity of the Kinnikinic in the type area with that 
farther east. Warren Hobbs (written communication 1977) 
noted. "The designated type area is one of the most westerly 
known occurrences of the unit and among the thinnest and 
probably represents the distal edge of Kinnikinic deposi- 
tion. . . . It probably represents an atypical section and. if so, 
makes the area doubly unfortunate as a reference section." 

For these reasons, we propose to designate the Kinnikinic 
in the lower, western fault block of the Arco Hills as a new 
reference section (figs. 6, 7). The section there is complete and 
conrains onlv a few normal faults of  minor dis~lacement.  

Although thinner than other known coAplete seztions of 
Kinnikinic Quartzite in the Lemhi and Lost River Ranges (cf. 
James and Oaks 1977, appendix), the Arco Hills section dis- 
plays inorganic sedimentary structures and trace fossils far bet- 
ter than most of the o thc~-  sections. Furthermore. it is readily 
acccssil>le. Also. three regionally persistrnt units, an underlying 
sandy dolomite (unit  5 of Beutner and Scholten 1967). a pink- 
ish quartzite beneath the dolomite Uames and Oaks 1977), and 
the overlying Lost River Member of the Fish Haven Formarlon 
(Chiirkin 1962). are present and moderately well cxposed. Con- 
racts are sham and locallv well dis~laved. 

1 I 

In its lithology, grain size, sedimentary structures, color, 
enclosing stratigraphic units, simple structure, and acccssibiliry, 
the Kinnikinic Quartzite at Arco Hills forms a more typical 
reference section than the same stratigraphic unit, dcscrihcd 
above. in the type area. The Arco Hills section will serve ;I use- 
ful function as a new reference section. 

O u r  discovery of the first body fossils in the Kinnikinic 
Quartzite in the type area, near Clayton, Idaho, and probable 
interfingering of this unit with the lower shaly unit of the Sat- 
urday Mountain Formation are significant. They firmly estab- 
lish, for the first time, that the upper part of the Kinnikinic is 

FIGURE 6 . -New reference srction of Kinnikinic Quartzite. Arco Hills. V ~ e w  
NNW. Stratigraphic units: (2 = pinkish quartzite; D = sandy dolomite: 
K = Kinnikini i  Quarrzirc: 1. = Losr River hfcrnher, Fich Haven Dolo- 
mirc: I: = main part. Fish H:iven Dolomite. 
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r 
K l  N N  l K I N  lC  QUARTZ ITE ,  New Reference Section, Arco Hills: 
5.6 km (3.5rni.) E N E  of  Arco, Idaho, Butte  Co., SW/4, SW/4, 

z Z 
Sec.27, T 4 N ,  R 2 7 E ;  SSE aspect; hand level and jacob staff .  
L ~ T H O L O G ~  KT THICKNESS DESCRlPTlON 

a I- 

Mudstone and s i l ts tone;  poor exposures 

7.3 2 4  ~~~~t~  a ren i te :  f i n e  t o  medium gra ined;  pa ra l l e l  beds 0 . 5  to  1.0 f t  
thick (avg 0.9) ;  t runca ted  wave-  r i pp le  l a m i n a e  

6 25 .9  85 Quartz  areni te :  f i ne  t o  medium grainedi p a r a l l e l  and minor wavy 
p a r a l l e l  beds 0.2 t o  1.6 f t  th ick (avg 0.7) w i t h  thin, para l le l  

. . l .  laminae and low- t o  med ium-ang le  bo t tom- tangen t  cross 
laminae d lpp ing east  and west; minor  v e r t i c a l  and inc l ined 
simple burrows, ch ief ly  Sko l l t hos .  

5 23.4 7 7  Quar tz  areni te :  very f i n e  to  f i n e  gra ined;  p a r a l l e l  beds 0 . 4  t o  1.3 
f t  thick (avg 0.6) wi th  pa ra l l e l  laminae and med ium-ang le  
b o t t o m - t a n g e n t  cross Iaminae d ipp ing  east and west; 
abundant  sphero idal  wea ther ing  p i t s .  

4 13.1 43 Q u a r t z  a r e n i t e :  ve ry  f i n e  to  f i n e  g r a i n e d ;  p a r a l l e l  beds 0.1 to 
1.2 f t  thick (avg 0.6) ;  i n d i s t i n c t  l am inae ,  may be bur row 
churned. 

3 18.3 60 Q u a r t z  a r e n i t e .  f i n e  t o  medium g ra ined ;  p a r a l l e l  beds 0.1 t o  1.4 
f t  th ick (avg 0 6 )  wi th  thin, p a r a l l e l  l am inae  and  l o w -  t o  high- 
ang le  bo t tom- tangen t  cross laminae  d ipp ing  southwest; 
t r u n c a t e d  w a v e - r i p p l e  laminae;  abundant  v e r t i c a l  and incl ined 
simple burrows,  ch ief ly  Skol i thos;  abundant  p in -ho le  pits. 

Quor tz  a ren i te :  medium gra ined;  p a r a l l e l  and  minor  wavy p a r a l l e l  
beds 0 . 6  to  1.2 f t  thick (avg. 0 . 8 )  w i t h  pa ra l l e l  laminae and 

4.3 14 low-angle bo t tom- tangen t  cross laminae  d ipp ing no r th ;  minor 
Skol l thos.  

7.0 2 3  Quar tz  a r e n i t e :  f i ne  to medium g ra ined ,  p a r a l l e l  beds 0 . 3  to 1 . 2 f t  
thick (avg 0 .8 )  w i t h  thin para l le l  and  wavy p a r a l l e l  l am inae  and 
h igh-angle bo t tom- tangen t  cross laminae d ipp ing southwest. 

7.0 2 3  Dolomi te:  f i n e  c rys ta l l i ne ;  pa ra l l e l  and wavy p o r a l l e l  beds 0 . 2  to  
0 . 5  f t  thick (avq  0.31 wi th  wavy para l l e l  c r y p t a l g a l  Iamlnar ,  
sandy near top. 

E X P L A N A T I O N  

P a r a l l e l  to wavy p a r a l l e l  laminae  
Cross laminae 
Truncated w a v e - r i p p l e  l a m i n a e  

' V e r t i c a l  and incl ined simple burrows 
X Pin-hole pits and spheroidal weathering pits 

FIGURE 7.-New reference xc r lon  of Klnnlklnic Quarrzire. Arctl Hllls, wlrh dcralls of rncasurcd \rcrli)n 
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late Middle Ordovician. Our findings also establish a probable 
tectonic setting near the shelf edge for the Kinniklnic in the 
type area. The style of later deformation by reverse faulting, in- 
dicating approximately east-west compression, followed by nor- 
mal faulting, is partly outlined by our detailed structural map- 
ping. Flnally, a more typical and accessible reference section 
near Arco, Idaho, is nominated and described. 
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