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ily W.(;, C;ilbertl and Earl Redmanz 

'I'wo c.~)r~ti.astint: rnr . i , i~lnl~~.pl~~c LC-I-r;tnt.s ;ireL lux1;l- 
~ ~ ) s c , ( l  alorrr: ill;. wc.slc.rn (~slc.nsiori o f  the Ilincs (:rt~eI< 
1 ' ; 1 1 1 1 1 .  '1'111. r ~ o r - t l ~ ~ . r ~ ~  ltsri . ; i r~(\  is ~ r o l y ~ i ~ ~ ~ t . n ~ t i o r ~ ~ l ~ i c  and 
i ~ ~ ( : l ~ ~ t i c - s  J ' ~ ( ~ c . ; r n ~ l ) ~ ~ i ; ~ ~ ~ - ( ~ i ~ r l y  f';ilt.ozoic(?) rtic*t:tst:dimrn- 
inry roclts 01'  t . l r e ,  I5irch (:rr?c~l, S(-l~ist. 111 Cault (.c)llt:~(:t 
wiill ;I Midtll(5 o r  1,;11.t. I>rvorri;tn s(1ric.s t~lt.li~st.ctitnt~n- 
I , ; I I - \ /  ~.i>c.I<:. ; r i ~ e l  ~nr.l.;~I'c~lsitt~s. i\iIot:!vc~lc~;~nic. ~.oc:ks ill lhi* 
r1or.l.11t.1 11 i c ~ l - ~ . ; ~ r i i ~  :;11ggt>sL that nlid t':~l~v~zoic: ;cndrsitic: 
volc~i~trisr~~ ; r l ' i ' c - ( ~ t , ( ~ l  ;it lci~sl ! ) , O O O  s(1u;it-t- lcilor~~(:l,(~rs in 
( :c \~~t , r :~ l  1\1:1sk;1. 

'1'11(~ ~ ~ o r i h c ~ i - ~ ~  ~);t i . f  01 '  l,h(s soi~the.rr~ t t > ~ . i . : i t ~ c '  ih  conl- 
1)osrrl o i  wi~;~kly n ~ e f i ~ r n o r ~ ~ l i o s ~ ~ ~ l  'I'r-inssic.('?) silicrous 
n1:trl)li~ in t ' ;~~rlf ,  c.ol~tiect. wit.11 (~ i - t~ t ;~cc~o~ts (? )  sl;~l.i: lo 1.h~. 
hoicth. l(c,il~ f l ~ t ~  siliec~ot~!, ~tl<!r.l)l(. i~rrd si;il<' iii.c, t'x 

L~>~~siv(>ly ir~lr~~(l(tcl I J ~  (:;ihk)ro. 
r $ r I 1 (  rrori,ki(~rt~ 16;ri.ant: w,~s  ;~l'l'ccteel lty ;+[I  c:ri.ly pcl.i(~d 

0 1  ( I ( ~ f o r ~ i i ; t ~ i o ~ ~  ; L ~ I ( I  ~ - ~ ~ c : r ~ ~ s t ; ~ I l i x : ~ t i o ~ ~  i r ~  t,111, lower grcc,tl- 
.:c*k~isl l';~r:.icts; I,his cl~~J'or.rr~aLion Inay hnvtl ;~ i f '~c t , r t l  Ihv 
s ~ l ( l k ~ t - r r ~  l.c!rr~t~ic~. A scv:on~l, w(~;tl{t!r (lt~for~n:~I,ii)ni~l (,vthrit 
also ;ril'c~c.l.ctl the r~or-i.hc.r~i terranc. 

tci the rock:: i r l  thrl s o c ~ t h t ~ r l ~  tcirranr! as uirttiffrrr~ntiatt.d 
Palrozoic. roc:k>, ( ( ( : i ~ p p ~ ,  i!):l%; Il.oed, 19fi.l) and Ili~vc~ 
inc:lurlcd all rocks o f  the nortllc:rn lcrranc~ ill I.he 13irclt 
Chek  Schist (Capps, 1940; Reed, 1961 ; t-lic.krnan, 
1974). 

SITMMAHY OF' (:GOI,O(;Y 

r ,  I wo northoasi . - t , re~~di~~g n~c?t.alnorpllic, tt\rr:~i~cs trarl- 
!;c~ct the strldy art!a a r ~ d  arcb juxtitposc~tl alorlg t.hc western 
cxtt:nsion of th(. 1Iincls (:rt,t'k strilutl of the Ilenali 
fault systc:m. 'l'htl nurthrrn tcrrane is composod of two 
polyinetamorphic. rock units: an older series of mela- 
sedimentary rocks, whic:h is part of the Hirch (:riht.lc 
Schist, and a younger serics of carbonaceous phyllitrs, 
pt:litic and psammitic phyllites anrl cluartzitrs, and 
metafelsitcs. Icossil rvidcnct1 suggests that the, age of 
the younger series is, in part, Middle o r  Late Ilevonian. 
The northern part of the southern terranc~ is cotnposetl 
o f  weakly metan~orphosed siliceous marble i t 1  fault 
contact with s1al.c and metasandstone to t,he sou1,h. 
130th units in the southern terratie are extensively in- 
truded by gabbro. 

NORTHERN TEKRANE: 
'I'l~i:, tl(asc.riptiorl of prcl-C:er~ozoic. ~nrtamorpliic rocks 

t r t l lwc~n  t11o 'I't:klanik~i and 'I'oltlat. rlvers in the west,- 
c.11nt.ri1l Alaska Range (fig. 1 )  is part oI' an ongoing 
sl.utly of  1.11(. gcloiogy and t,oc:tonic: I ~ i s t o r ~  of the region 
j(;ilhrrt,, 1 !)7!i; Giib11rt and Itodman, 1975; Gilbert, 
Vrrrcll, aliil 'I'urncr, 1976).  I~icld inv(~stigatior~s of the 
arcta were conducted during the sumn1ers of 1973  and 
1!17/1. Pelrographic examination was nladr of 6 3  thin 
sc.ctiorrs, and modal c:ompositions were drtcrmined by 
coutit,ing o r  1 0 0  poinls pt,r t h i n  section. 

Metamorphic roclis in the study area wrrr first 
mapped by Hroolts (1911) as belonging t o  the Birch 
Creek Schist, th r  'I'atina Group, and the l'onzana 
Group. lcurthcr mapping by Capps ( 1919) restricted the 
rocks in the northern terrane of this study to tile 
Birch Creek Schist and the Tonzona Group, and as- 
signed the rocks in tlie southern terrane to  tlie Tatina 
Group. Subseclucnt rcconnaissancr sthdies have referred 

-- 
I Alaska I)C(;S Mining (;t,ologisl, (:ollc.ce, AI< 99708. 
2~cologist. Cities Service Mineral Corp, ,  Anchorage, A K  99607.  

BIRCH CREk;K SCHiST 

Micacc'ous quartzite and sericite-quartz schist of the 
Birch Creek Schist arc present in a northeast-trending 
band, 3 t o  5 km (kilometers) wide, which extends from 
the northeast corner of the Healy C-6 quadrangle t,o the 
west side of the East Fork Toklat River canyon (pl. 1). 
Scattered exposures are also found on the northwest 
side of the Wyoming Hills. This belt of rocks is part of 
a more extensive terrane that continues east and north 
(Capps, 1919; Wahrhaftig, 1968; Wegner, 1972; and 
Hickman, 1974) and west (Capps, 1919;  Morrison, 
1964) (fig. I). From a distance the rocks are light gray 
to tan and form prominent tors by differential weather- 
ing along joints and cleavage. A conspicuous orange- 
weathered zone marks the Birch Creek Schist for 30 to 
50 m (meters) beneath the overlying Coal-Bearing 
Group. 

Quartz- and mica-rich banding in quartzite, schist, 
and phyllite may in part represent original compo- 
sitional layering, but this layering reflects two periods 
of metamorphism. The compositional layering defines a 
prominent foliation (S1), which displays prominent 
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Primarily polymetamorphic lower Paleozoic Primarily polymetamorphic mid-Paleozoic Primarily weakly metamorphosed Paleozoic 
and Precambrian metasedimentary rocka metasedimentary and metavolcanic rocks and Mesozoic sedimentary and volcanic rocks 

Figure 1. Metamorphic rocks norlh of Denali Fault system in west-central Alaska Range, and location of this study. 

folds (F2) and is cut by well-developed cleavage (S2). 
Locally, the schistose rocks of the Birch Creek Schist 
grade to  phyllite, and the unit is similar in composition 
and deformational style to  quartz-rich portions of the 
Wyoming Hills sequence (p. 3). It  is difficult t o  dif- 
ferentiate the two rock units where they are in contact. 
The Birch Creek Schist, however, is more homogenous, 
is slightly more schistose, and exhibits better developed 
F2  folding and S2  cleavage than the Wyoming Hills 
sequence. 

'l'he dominant rock type in the Birch Creek Schist is 
a gray-, pink-, o r  green-weathering white micaceous 
quartzite (70 percent) that tends to  split into layers 
1.0 mm (millimeter) to  1.0 cm (centimeter) thick. 
Gray sericite-quartz schist (20 percent) (fig. 2) and 
light- to  medium-green chlorite-actinolite schist and 
phyllite (10 percent) are other common lithologies. 
Chlorite-actinolite whis t  and phyllite are more abundant 
(15 percent) in the eastern and southern parts of the 
outcrop belt than in the norlh and west (5 percent). In a 
1-km-wide belt just north of the Wyoming Hills fault 
near the Teklanika River (pl. I), chlorite-actinolite 
schist and phyllite and chlorite-sericite quartz schist 

make up 30 percent of the exposures. Black carbo- 
naceous phyllite, light-green orthogneiss, and tight- 
ly folded layers of medium- to light-gray marble up t o  
1.0 m thick are minor components of the Birch Creek 
Schist. 

Micaceous quartzite and sericite-quartz schist in the 
Birch Creek Schist are metamorphosed quartz-rich 
pelitic and psammitic sediments. These rocks are char- 
acterized by the presence of  quartz + sericite + albite 
+ chlorite + biotite 5 tourmaline + Fe-poor epidote 2 - 
tremolite + calcite. Incipient biotite, derived from 
chlorite and sericite in three of the samples, suggests 
that these rocks have reached the lower part of the 
greenschist facies (fig. 2). Xenoblastic quartz (38-81 
percent) and albite (0-8 percent) up to  1.0 mm long 
are dimensionally oriented parallel t o  the foliation and 
generally form layers as thick as 4.0 mm. Sericite 
and muscovite (5-41 percent), chlorite (0-8 percent), 
and biotite (0-1 percent) form discontinuous wavy 
bands up t o  3.0 mm thick that parallel quartz-rich 
layers. Fe-poor epidote (0-18 percent) locally forms 
irregular aggregates in quartz-rich layers. Calcite (0-4 
percent) occurs as either irregular masses or as idio- 
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blastic rhombohedra as long as 0.3 mm. Tourmaline 
generally occurs as minor scattered subidioblastic 
crystals randomly oriented in both the quartz and 
mica-rich layers (fig. 2). Sphene, zircon, iron oxides, and 
tremolite are rare accessory minerals. 

Minor green schistose metabasite within the Birch 
Creek Schist contains quartz + chlorite + epidote + 
actinolite, and a light-green orthogneiss (metadiorite?) 
seen in the southeast corner of NE1/4, sec. 1 ,  T. 1 4  S., 
R. 11 W. contains quartz + albite + chlorite + Fe-poor 
epidote + tremolite. Xenoblastic quartz and albite form 
bands parallel t o  layers of sheaflike and fibrous tremo- 
lite o r  actinolite, and chlorite. Subidioblastic epidote 
occurs throughout these rocks. 

All examined specimens of the Birch Creek Schist 
were completely recrystallized during the first recorded 
metamorphic event (F1). Quartz, albite, sericite, chlo- 
rite, biotite, epidote, and tremolite-actinolite formed 
synkinematically and segregated into compositional 
bands, whereas epidote, tourmaline, and calcite are 
common postkinematic minerals. The second meta- 
morphic event (F2) developed prominent folds and 
slip cleavage (S2) in the Birch Creek Schist, but  
produced no major thermal effects. 

The Birch Creek Schist is in fault contact with the 
Wyoming Hills sequence (pl. 1). The Cantwell For- 
mation and the Coal-Bearing Group unconformably 
overlie the Birch Creek Schist in the northern and 
western parts of the study area, respectively. The 
contact between the Birch Creek Schist and the Nenana 
Gravel east of the Teklanika River is not  exposed, but 
because the contact follows the eastward projection 
of the Wyoming Hills fault, the contact is mapped as a 
fault. Tertiary(?) igneous rocks cu t  the Birch Creek 
Schist; dikes of Tertiary(?) quartz porphyry are found 
in n o  other pre-Tertiary unit in the study area. 

WYOMING HILLS SEQUENCE 

Carbonaceous quartzose phyllite, marble, quartzose 
phyllite, and quartzite form a belt 4-6 km wide across 
the northern half of the Healy C-6 quadrangle and 
eastern part of the Mt. McKinley C-1 quadrangle (pl. 1). 
These rocks are well exposed in the southern part of the 
Wyoming Hills, and are here informally referred t o  as 
the Wyoming Hills sequence. These rocks can be sub- 
divided into at  least two different units, a lower car- 
bonaceous unit and an upper quartzose unit. The 
Wyoming Hills sequence is tightly folded, faulted, 
and structurally thickened: in the Wyoming Hills, i t  
has a structural thickness of  about 1,600 m. 

The Wyoming Hills sequence is polymetamorphic 
with crosscutting fold axes, foliation, and cleavage re- 
flecting a t  least two deformational events. The first 
deformational event recrystallized the sequence in the 
lower greenschist facies and produced isoclinal folds and 
a well-developed axial plane schistosity (S1) defined 
by micaceous minerals o r  carbonaceous material o r  

Figure 2. Photomicrograph of sericite-quartz schlst in 
Birch Creek Schist; q=quartz, m=muscovite, ch=chlo- 
rite, b=biotite, a=albite, t=tourmaline. Plane light. 

both. A slip cleavage (S2) along which shearing and 
incipient recrystallization have taken place is moderately 
well developed parallel to  the axial surfaces of second- 
generation folds (F2). 

CARBONACEOUS UNIT 

The carbonaceous unit is composed of carbonaceous 
quartzose phyllite and quartzose phyllite and crops out  
in three areas: 1 )  in a northwest-dipping band in the 
Wyoming Hills, 2) on the limbs of a syncline extending 
for 5 km northeast of the East Fork Toklat River, and 
3) in a band 1.0 km wide and 3.0 km long trending west 
from the Teklanika River in the northeast corner of the 
study area (pl. 1).  In the Wyoming Hills the unit has an 
apparent structural thickness of about 1,130 rn. There 
the dominant rock type is a dark-gray, pyrite-bearing, 
iron-stained carbonaceous quartzose phyllite (fig. 3). 
In this area discontinuous intercalations of light-green 
fissile quartzose phyllite, 6 t o  20  m thick, form 1 0  
percent of the unit. 

East of the East Fork Toklat River, the carbonaceous 
unit is more quartz-rich and contains about 50  percent 
carbonaceous quartzose phyllite, 35 percent light-gray 
quartzite and quartzose phyllite, and 1 5  percent marble. 
Light-gray weathering, dark-gray fossiliferous marble 
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layers are concentrated near the top of the carbonaceous 
unit and are mapped separately where they predom- 
inate. Individual layers of marble, carbonaceous phyllite, 
and quartzose phyllite are approximately 30 m thick 
and pinch and swell along strike. 

In the carbonaceous phyllite xenoblastic quartz 
(50-80 percent) is the most abundant constituent, 
commonly forming a mosaic of crystals less than 0.01 
mm across. Alternating layers of quartz and of finely 
divided carbonaceous material (5-15 percent) and quartz 
are up to 3.5 mm thick (fig. 3). Ribbon-textured 
quartz is found in the carbonaceous bands and probably 
was formed by intrafolial shearing. Where S2 slip 
cleavage is well developed, carbonaceous material is 
commonly realigned parallel to cleavage. Subidioblastic 
laths of sericite and muscovite (3-35 percent) and 
chlorite (0-5 percent) lying parallel t o  S1 are found 
throughout the rocks but tend to be concentrated in 
carbonaceous layers. Idioblastic pyrite cubes less than 
0.15 mm across o r  subidioblastic carbonate-apatite 
crystals less than 0.02 mm long locally form up to 3 
percent of these rocks. The quartzose phyllite and 
quartzite in the carbonaceous unit are similar to  those 

Figure 3. Photomicrograph of carbonaceous quartzose 
phyllite of carbonaceous unit. Dark layers are carbo- 
naceous material, light layers are quartz, and dark 
spots are carbonate-apatite. Plane light. 

described for  the quartzose unit. Rocks of the car- 
bonaceous unit are probably mainly metamorphosed 
organic-rich siliceous shales. 

The original stratigraphic relationship between the 
carbonaceous unit and the quartzose unit is not clear, 
but because the carbonaceous unit appears t o  underlie 
the quartzose unit, i t  is considered t o  be the older of the 
two. In the western portion of the map area, the car- 
bonaceous unit is in contact with the siliceous marble 
unit along the northwest-dipping Hines Creek fault. 

QUARTZOSE UNIT 

Quartzose phyllite and quartzite of the quartzose 
unit crop out  in an irregular northeast-trending band 
up to 4 km wide extending from the west bank of the 
Teklanika River through the Wyoming Hills (pl. 1). 
The unit probably continues west of the Toklat River. 
The maximum structural thickness of the unit, just 
west of the Teklanika River, is about 2,700 m. In the 
Wyoming Hills the lower and middle part of the 
quartzose unit consists of 35 percent light-gray quartz- 
ite, 30 percent light-gray quartz phyllite, 1 0  percent 
light-green quartz phyllite, 1 0  percent light-green quartz- 
ite, and 1 0  percent carbonaceous phyllite; light-gray 
fine-grained marble, light-green orthogneiss, and meta- 
conglomerate are also present but make up less than 5 
percent of the unit. In the Wyoming Hills the upper 100  
m of  the quartzose unit is composed of black carbo- 
naceous quartzose phyllite similar t o  that found in the 
carbonaceous unit. 

Between the Teklanika and East Fork Toklat Rivers, 
the quartzose unit contains 40 percent light-gray phyl- 
litic quartzite, 25 percent light-gray (graphitic) quartz- 
ose phyllite, 20 percent light-gray t o  black quartzite, 
and 1 0  percent light-green (chloritic) quartzose phyllite; 
discontinuous layers of light-gray-weathering dark-gray 
silty marble up to 1 5  m thick make up the remaining 5 
percent of the unit. Individual layers of marble and 
phyllite can be traced for up to 3 km. The quartzose 
unit is composed of two distinct rock types, psammitic 
and pelitic metasedimentary rocks and metafelsite. 
Light-gray rocks are generally metasedimentary rocks 
and light-green quartzite and phyllite are generally 
metafelsi te. 

Quartzites are composed primarily of quartz (80-95 
percent) and sericite and muscovite (4-7 percent) 
(fig. 4).  Quartz generally forms a mosaic of xeno- 
blastic strained crystals that are less than 0.05 mm long 
and which have a directional orientation: Quartz por- 
phyroblasts 0.3-0.8 mm long are also present. Re- 
crystallization and annealing of quartz is complete. 
In one quartzite specimen the quartzose groundmass 
contains 7 percent albite. Sericite forms both as scat- 
tered idioblastic laths and as discontinuous layers up t o  
10.0 mm long and 0.2 mm thick parallel to  S1. Common 
trace constituents are tourmaline, chlorite, ca&onaceous 
matter, iron oxides, apatite, zircon, and calcite. The 
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Table 1. Geochemical analyses from two metafelsites, 73WER-64 and 73WER-240, and one 
metaplutonic rock 73WER-243, in the Wyoming Hills. (Rapid rock technique by Skyline Labs., Inc. 

Wheat Ridge, CO.) 

Sample (Wt. %) 

Oxide 73WER-64 73WER-240 73WER-243 

s1°2 76.4 7 2.6 48.0 
T102 0.42 0.50 1.5 
*l2O3, 12.5 14.1 15.3 
Fez(% 1.7 2.0 10.7 
MnO 0.01 5 0.021 0.15 
MgO 0.92 1.5 7.3 
CaO 1.1 0.12 6.3 
N a 2 0  2.3 1.8 1.5 
K2° 1.9 4.3 3.7 
P2°5 0.02 0.03 0.05 
H 2 0 +  1.5 2.2 4.2 
H 2 0 -  0.4 < 0.1 < 0.1 

l ~ o t a l  Fe. 

mineralogy of quartzose phyllites is similar to  the 
quartzites except that the phyllites contain more seri- 
cite (4-35 percent) and finely divided carbonaceous 
material (up t o  5 0  percent) and less quartz (45-60 
percent). 

Light-green blastoporphyritic metafelsite intervals, 
now intercalated with quartzose metasedimen tary rocks, 
were probably originally rhyolites o r  rhyodacites (table 
1). In these rocks quartz (30-65 percent), sericite and 
muscovite (0-57 percent), albite (0-15 percent), and 
microcline (0-15 percent) are the most abundant con- 
stituents (fig. 5). Quartz is present as relict phenocrysts 
2.0-7.0 mm across, commonly exhibiting P quartz out- 
lines and resorption channels, set in a recrystallized 
quartzo-feldspathic groundmass. Albite is both scattered 
in the groundmass and forms xenoblastic porphyro- 
blasts, which are commonly poikiloblastic with quartz 
inclusions. Microcline is present as irregular relict 
phenocrysts up t o  3.0 mm across and occasionally ex- 
hibits replacement perthite and resorption tectures. 
Sericite forms layers up t o  1.0 mm thick consisting ol 
laths less than 0.004 mm long. Sericite layers generally 
define S1 layering, although they are occasiondly re. 
oriented Lalong S2 slip cleavage. Subidioblastic-xenc* 
blastic epidote forms postkinematic and synkinematic 
clusters and individual laths from plagioclase. Occb 
sionally calcite has replaced plagioclase o r  has formec 
secondary veinlets. Scattered xenoblastic aggregates 01 
iron oxide minerals (0-4 percent), together with zircor 
and sphene, are common accessory minerals. 

One green phyllite interval, probably a metabasalt 
contains metamorphic quartz + albite + actinolite -1 

chlorite + epidote. In this interval flattened quartz and 
plagioclase with actinolite and chlorite define a pro. 

minerals are present throughout the rock, and calcite 
veinlets fill postkinematic fractures. 

Metasedimentary rocks of the quartzose unit and the 
Birch Creek Schist have very similar mineralogy and 
metamorphic history. The major difference between the 
units is a slightly less well-developed metamorphic 
fabric and the presence of a large meta-igneous com- 
ponent in the Wyoming Hills sequence. 

The original contact between the quartzose unit and 

minent S1 foliation, and xenoblastic e ~ i d o t e  Par- Figure 4. Photomicrograph of phyllitic sericite-bearing 
phyroblasts up t o  0.4 mm long have grown and rotated quartzite in quartzose unit; q=quartz, s=sericite, 
in actinolite-rich layers. Finely disseminated opaque a=albite. Crossed nicols. 
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Figure 5. Photomicrograph of metafelsite showing re- 
lict resorbed phenocrysts of  quartz and microcline; 
q=quartz, m=microcline. Crossed nicols. 

the carbonaceous unit has been blurred by meta- 
morphism, but  is apparently a depositional contact or 
unconformity. The quartzose unit is in fault contact 
with the Birch Creek Schist on the north and with the 
siliceous marble unit of the southern terrane on the 
south (pl. 1). 

METAPLUTONIC ROCKS 

Several metamorphosed intrusions, ranging from 
hornblende quartz diorite to augite gabbro, cut  the 
Wyoming Hills sequence (table 1) .  The rocks generally 
contain quartz + albite + sericite + tremolite + epidote 
$. chlorite +calcite. Blastoporphyritic hornblende quartz 
diorite near peak 4836 indicates that some of the 
plutons were shallow and hypabyssal (pl. 1). There relict 
phenocrysts of hornblende and plagioclase are set in a 
fine-grained quartzo-feldspathic groundmass (fig. 6). 

In the metaplutonic rocks xenoblastic chlorite (2-20 
percent) and tremolite (5-45 percent) have generally 
formed from hornblende or  augite. Chlorite commonly 
has replaced hornblende or  augite and is replaced in turn 
by tremolite. Tremolite has also replaced plagioclase 
and commonly defines the S1 foliation. Xenoblastic 
albite porphyroblasts (10-35 percent) are generally 

percent) and calcite are common in plagioclase. Relict 
iron oxides (ilmenite?) are generally partly altered to  
leucoxene. 

AGE AND REGIONAL CORRELATION 

The northern terrane contains rocks of Precambrian 
to  Late Devonian age and is part of the crystalline 
basement complex underlying interior Alaska between 
the Denali and the Tintina fault systems (King, 1968). 
Rocks of the Birch Creek Schist have yielded no fossils 
in the map area and their age is tentatively considered 
Precambrian t o  early Paleozoic. Fossils were found at  
four localities in marble beds at  or near the top of the 
carbonaceous unit in the Wyoming Hills sequence. The 
ages of these fossils, summarized in table 2, indicate 
that the carbonaceous unit is Middle or Late Devonian 
in age. Rocks of the quartzose unit appear t o  overlie 
the fossil-bearing unit and are probably Late Devonian 
o r  Mississippian in age. 

East of the map area is a series of schistose meta- 
felsite and metasedimentary rocks, and greenstones 
which are, in part,  Devonian in age (Wahrhaftig, 1968; 
Hickman and Craddock, 1976). These rocks form a belt 
up t o  7.0 km wide that extends from Montana Creek, 
8.0 km northeast of McKinley Park station, for a t  
least 7 0  km t o  the east (fig. 1). This belt contains 
lithologies similar to those found in the Wyoming Hills 
sequence, including a lower carbonaceous member 
(Hickman, 1974). The Wyoming Hills sequence was 
probably once continuous with this belt. 

The Keevy Peak Formation and Totatlanika Schist 
are metamorphosed clastic metasedimentary rocks, tuff, 

derived from relict phenocrysts or groundmass. Xeno- 
blastic epidote (1-5 percent) forms scattered crystals Figure 6. Metamorphosed hypabyssal quartz diorite 
and clusters that commonly replace mafic minerals or exhibiting well-preserved relict igneous texture; h= 
plagioclase. Fine subidioblastic laths of sericite ' (5-25 hornblende, a=albite. Crossed nicols. 
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felsite, basalt, and carbonate, and form a discontinuous 
belt across the north slope of the central Alaska Range 
(fig. 1 )  (Wahrhaftig, 1968). These rocks are of uncertain 
mid-Paleozoic and older age and unconformably or tec- 
tonically overlie the Birch Creek Schist (Capps, 1940; 
Wahrhaftig, 1968; Bundtzen, 1976; Gilbert, 1977). 
In detail, however, the Totatlanika Schist appears t o  be 
more pyroclastic than the Wyoming Hills sequence and 
its upper part, a t  least, is more weakly metamorphosed. 

This study expands the area of known mid-Paleozoic 
volcanic rocks in the central Alaska Range. If the 
present areas where these rocks now occur were once 
continuous, the area of mid-Paleozoic andesitic vol- 
canism may have covered more than 5,000 km2. 

SOUTHERN TERRANE 

SILICEOUS MARBLE 

A folded sequence of thin-bedded dark-gray siliceous 
marble, phyllitic marble, and carbonaceous slate can be 
traced from the eastern boundary of the map area east 
of Teklanika campground t o  the western boundary of 
the map area in the Wyoming Hills (pl. 1). The outcrop 
belt is 1.5 t o  3.0 km wide, and in the Wyoming Hills 
the sequence reaches a structural thickness of 3,300 m. 

Individual fine-grained marble beds are 0.1 to  5.0 m 
thick, weather to  a yellowish-brown rough surface, and 

display fine laminations. Occasional black chert nodules 
are scattered throughout the marble. The phyllitic 
marble is highly fissile and usually occurs in beds 0.01 
t o  4.0 m thick; beds of 1 0  m or more are uncommon. 
Whereas the marble is resistant and stands out  in bold 
relief, phyllitic marble weathers to  loose debris. In 
some areas concordant quartz layers form up t o  4 0  
percent of the section, and crosscutting sparry calcite 
veins and veinlets are common. Near the margins o f  
gabbro and diorite intrusions, both marble and phyllite 
are silicified, except in the Wyoming Hills, where very 
coarse-grained marble surrounds intrusions. The unit 
has been weakly metamorphosed by a single meta- 
morphic event and displays prominent cleavage and 
isoclinal folds. 

The siliceous marble unit is composed of calcite 
crystals (53-83 percent) and quartz grains (5-29 percent) 
0.01 t o  0.50 mm across, and lesser amounts of car- 
bonaceous material (2-20 percent) and sericite (0-3 
percent) (fig. 7). Fissility increases as quartz and 
carbonaceous material increase and calcite decreases. 
Quartz grains exhibit angular t o  subangular detrital 
outlines and occasionally very incipient recrystalliza- 
tion, whereas calcite is xenoblastic. The texture of the 
rock varies from a mosaic of equidimensional calcite 
and quartz in siliceous marble, which locally exhibits 
fine bedding laminations marked by concentrations of 
heavy minerals (generally magnetite, with minor zircon), 

Table 2 .  Fossils 

Northern Terrane 

Locality 
(plate 1) Fossils Age 

Possible Amphipera sp. 
Disphyllum? sp. 
cf. Grypophyllum sp. 

2a Disphyllum? sp. 

Disphyllum? sp. 
Phillipsastraea sp. 
Tabulophyllum sp. 

Devonian, probably Middle Devonian 

Probably Middle or Early Late Devonian 
(Frasnian) 

Late Devonian (Frasnian) 

Echinoderm clastic particles, Ordovician t o  Permian or possibly younger. 
some of which are pelmete- 
zoan columnels 

Southern Terrane 

5 C  Conodants Triassic 

Inoceramus cf. concentricus Mid-Cretaceous 
(possibly allochthonous) 

a~dentified by W.A. Oliver, Jr.. U.S. Geological Survey 
b~dentified by J.T. Dutro. U.S. Geological Survey 
' ~ e p o r t e d  by Hickman and Craddock. 1976  
d~dentified by D.L. Jones, U.S. Geological Survey. 
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Figure 7.  Photomicrograph of siliceous marble. Dark 
layers=carbonaceous material, ca=calcite, q=quartz. 
Plane light. 

to  phyllitic marble; the rock has a prominent cleavage 
where carbonaceous material and sericite are concen- 
trated. Feldspar grains are present in trace amounts, 
and some grains identified as quartz in thin section may 
actually be untwinned feldspar. 

The siliceous marble unit is in fault contact with the 
Wyoming Hills sequence on the north and with the 
slate unit on the south. The unit is cut by numerous 
diorite and gabbro intrusions and is overlain uncon- 
formably by the Paleocene Cantwell Formation. 

SLATE UNIT 

The slate unit is composed of dark-gray slate and 
fissile metasiltstone, metasandstone, and metaconglom- 
erate which crop out  in a northeast-trending band, 1.0 
to  4.0 km wide, across the southern part of the map 
area (pl. 1).  The easily eroded unit forms a topographic 
low. Near the Teklanika River the amount of topo- 
graphic relief and the width of the outcrop belt suggest 
a structural thickness of 2,400 m for  the unit. 

Slate and fissile metasiltstone are the dominant 
lithologies, but metasandstone in beds up t o  1 5  cm 
thick makes up about 1 0  percent of the unit. The rocks 
commonly display fine sedimentary laminations and 
crossbedding, and a phyllitic sheen. Calcareous silt- 
stone, silty marble, and granule metaconglomerate are 
present as minor interbeds. The unit is commonly 
silicified around the margins of diorite and gabbro 
intrusions. A single metamorphic event has tightly 
folded the unit and produced rarely observed isoclinal 
folds and moderately t o  steeply dipping axial-plane 
cleavage. Cleavage is generally parallel t o  bedding, but 
in a few outcrops bedding is crosscut by cleavage. 

Subangular silt-size quartz grains compose slightly 
more than half of the slate and metasiltstone; sericite 

and layering in the rocks or, together with sericitized 
argillaceous material, is concentrated along cleavage 
surfaces. 

Light-gray metasandstone was originally very fine t o  
medium-grained volcaniclastic litharenite (Folk, 1974). 
It  is composed of subangular clasts of quartz (15-40 
percent), feldspar (5-20 percent), felsite (15-55 percent), 
chert (10-30 percent), siltstone (5-10 percent), phyl- 
losilicate (3-10 percent), metamorphic clasts (0-10 per- 
cent), carbonate (0-5 percent), and carbonaceous ma- 
terial (0-5 percent). These rocks generally display a less 
pervasive cataclastic planar fabric than the more fissile 
metasiltstone, but  d o  have broken and stretched grains 
lying parallel t o  the cleavage; quartzose grains are 
partially annealed. Secondary sericite, chlorite, and 
calcite (commonly present in crosscutting veinlets) are 
present in both slate and metasandstone. 

The slate unit is in fault contact with the siliceous 
marble unit on the north and with the Cantwell 
formation on the south. In the eastern part of the map 
area, the unit is intruded by numerous diorite and 
gabbro intrusions. Along the Teklanika River the unit is 
unconformably overlain by the basal conglomerate of 
the Cantwell Formation. 

GABBRO 

Numerous northeast-trending intrusions of dark gray- 
green fine- to  medium-grained gabbro and minor diorite 
occur throughout the siliceous marble unit and also cut  
the slate unit in the eastern part of the map area (pl. 1) .  
The largest mapped body covers 1.0 km2, and many 
bodies are present which are too small to  map. 

The gabbro is composed of plagioclase (40-60 per- 
cent), augite (25-40 percent), serpentine and chlorite 

and carbonaceous material make up the rest (fig. 8). Figure 8. Photomicrograph of cross-bedded metasilt- 
Carbonaceous material either outlines small cross beds stone of slate unit. Plane light. 
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(10-20 percent), iddingsite (3-6 percent), quartz (0-7 
percent), and trace amounts of  olivine, opaque minerals, 
epidote, and apatite (fig. 9). The gabbro has an ophitic 
texture, with subhedral plagioclase laths 0.2-2.0 mm 
long almost completely altered to  clay minerals. An- 
hedral augite crystals 0.3-3.0 mm across commonly in- 
clude and are surrounded by clusters of fibrous ser- 
pentine and masses of chlorite and occasionally epi- 
dote. Iddingsite is generally intergrown with augite and 
very rarely contains a core of olivine. Quartz is inter- 
stitial and probably a late-stage magmatic derivative. 
Fine-grained gabbro exhibits cataclastic textures with 
augite commonly in shattered aggregates. Medium- 
grained gabbro does not show cataclasis but rather has a 
hypidiomorphic granular texture. 

AGE AND REGIONAL CORRELATION 

All rocks in the southern terrane are considered t o  be 
pre-Cenozoic. Triassic conodonts are reported from 
one locality in the eastern part of the siliceous marble 
unit (Hickman and Craddock, 1976; Hickman, pers. 
commun.), whereas a single specimen of Inoceramus 
found in rubble in the slate unit just east of the study 
area suggests a mid-Cretaceous age for that  unit (table 

2) 
The marble and slate units are cut  by numerous 

diorite and gabbro intrusions and are unconformably 

overlain by the Paleocene Cantwell Formation. Reed 
(1961) assigns the gabbro t o  the Triassic, bu t  Hickman 
and Craddock (1976) favor a late Mesozoic age. 

Correlation with other areas is difficult because of 
the lithologic similarities between rocks of different 
ages. Hickman and Craddock (1976) consider the 
eastern part of the southern terrane t o  be part of an 
Upper Triassic series of argillite, limestone, and chert- 
pebble conglomerate that  continues for 30 km east of  
the map area'. Undifferentiated Paleozoic argillite, slate, 
sandstone, chert, and fossil-bearing Devonian limestone, 
which are intruded by Triassic(?) gabbro and overlain by 
Triassic(?) metabasalt, are present 5.0 km south of the 
study area (Reed, 1961) (fig. 1). Thus, the southern 
terrane is part of an extensive series of weakly metamor- 
phosed Paleozoic and hlesozoic rocks found throughout 
the Alaska Range south of the Hines Creek strand of the 
Denali fault system. 

STRUCTURE 

Structures in the metamorphic terranes described 
in this study reflect 1 )  an early period of folding and 
dynamothermal metamorphism, 2) a later period of 
folding and dynamic metamorphism, 3) early Tertiary 
folding, and 4) late Cenozoic block faulting. The 
northern terrane exhibits structures from all tectonic 
episodes, whereas the southern terrane has structures 
from all but the second tectonic event. 

NORTHERN TERRANE 

The earliest structures preserved in the northern 
terrane are axial-plane foliation (S1) and rarely observed 
isoclinal folds (F1). The isoclinal folds have large 
amplitude-to-wavelength ratios; amplitudes are as large 
as several tens of meters. The general attitude of the 
primary foliation (S1) is similar t o  most structural 
trends in the west-central Alaska Range, generally 
striking along an azimuth of 60° and dipping mod- 
erately southeast or ,  less commonly, northwest (fig. 
10). 

Overprinted on the earliest preserved tectonic fea- 
tures are structures from a later dynamic metamorphic 
episode. Open to subisoclinal folds (F2)  have wave- 
lengths that range from microscopic t o  several tens of 
meters, but small crenulations are most commonly 
observed (figs. 11 and 12). The lower limbs of F2  
antiforms and synforms are commonly thinned or 
sheared. F2  folds occasionally obliterate earlier tectonic 
features in the Birch Creek Schist, but are less well 
developed in the Wyoming Hills sequence. As shown in 
figure 13 ,  F2  fold axes trend approximately S. 55O W. 
and plunge approximately 70°. A slip cleavage (S2) has 

Figure 9. Photomicrograph of gabbro in southern formed parallel t o  F2  axial surfaces, along which a 
terrane; p=plagioclase, au=augite, s=serpentine. Plane micaceous schistosity has developed locally and which 
light. has a general azimuth of 60° and a gentle dip (fig. 14). 
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SOUTHERN TERRANE 

,\ 
In the southern terrane only a single period of 

'\ 
folding and metamorphism has affected the rocks 

\ (fig. 15). Scattered fold axes have a gently dipping 
southwest trend (fig. 16). Cleavage orientation in rocks 

, of the southern terrane (fig. 17)  is similar t o  the S1 
foliation orientation in the northern terrane (fig. 10)  
and is different from S2 cleavage in the northern terrane 

; (fig. 14), possibly indicating that an early strong 
; regional metamorphic event produced structures in 

both terranes. The absence of evidence for a second 
episode of folding and metamorphism in the southern 
terrane suggests that the two terranes were separated far 
enough so that only the northern terrane was affected 
by the second, weaker metamorphic event. 

CENOZOIC STRUCTURES 

/' 

- .- &' Early Cenozoic folding and late Cenozoic block 
faulting affected both metamorphic terranes and the 
overlying Paleocene Cantwell Formation (pl. 1 )  (Gil- 

r'lgure 10. Lower hemisphere equal-area plot of  216 bert> and Redman, 1975). axes 
poles t o  S1 foliation and cleavage in northern terrane. shown in plate 1 reflect early Cenozoic folding.   he 

Contour interval at 2, 4, 6, and 8 percent per 1-per- vague girdle suggested by S surfaceg in both terranes 
cent area. (figs. 10 ,  14 ,  and 17) most likely reflects northeast-, 

Figure 11. Folded Birch Creek Schist, showing prominent F2  folds. 
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trending open to closed folds formed a t  this time CONCLUSION 
(Gilbert, 1975). 

In the area of the Toklat and Teelanika rivers, the 
HINES CREEK FAULT Hines Creek fault juxtaposes two distinct metamorphic 

terranes. The northern terrane was formed by multiple 
Although the Hines Creek fault projects from the N 

east into the Wyoming Hills fault in the study area, the 
/-- Hines Creek fault in this report is considered to be the ,/ 

tectonic contact between the two dissimilar meta- 
morphic basement terranes. The fault probably merges 
with the Wyoming Hills fault near the Teklanika River 
in the northeast part of the map area (pl. 1). 

West of the East Fork Toklat River, the Hines 

!L 
Creek fault dips about 45O north and consists of a 
zone about 1 5 0  m wide that contains slivers from both 
the northern and southern terranes (fig. 18). This 
portion of the fault shows no evidence of Cenozoic 
movement. East of the East Fork Toklat River, the 
Hines Creek fault has auparently been rejuvenated as a 
high-angle fault during Cenozoic block faulting (Gilbert, I 
1975). 

1 

,/ 
/ 

Figure 13. Lower hemisphere equal-area plot of 155 
F 2  fold axes in northern terrane. Contour interval a t  
2, 4, 6, and 8 percent per 1-percent area. 

r lgure I 2.  Photomicrograph of sericite-quartz phyllite Figure 1 4 .  Lower hemisphere equal-area plot of 11 1 

of Wyoming Hills sequence showing S1 foliation and poles to S 2  cleavage in northern terrane. Contour 
crosscutting S2 cleavage. Plane light. interval a t  2, 4, 6, and 8 percent per 1-percent area. 
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Figure 17 .  Lower hemisphere - 4 - a r e a  plot of 18 1 
poles to  cleavage in southern terrane. Contour in- 
terval at 2, 4, and 6 pement per 1-percent area. 

deformation of quartz-rich predominantly clastic sedi- 
Figure 15. Folds in siliceous marble unit on east side of mentary rocks. Moreover, correlation of  metavolcanic 

Wyoming Hills. parts of the Wyoming Hills sequence with nearby coeval 
metavolcanic sequences suggests that mid-Paleozoic an- 
desitic volcanism affect,ed at  least 5,000 km2 in central 
Alaska. 

\ The weakly metamorphosed Mesozoic rocks of the 
\ southern terrane probably represent land-derived, ma- 

\ rine clastic and pelagic sediments. Gabbro intrusions, 

\ which are characteristic of this terrane, together with 

\ equivalent mafic extrusive rocks, suggest tectonic in- 

\ 
stability in latest Mesozoic time. By Cenozoic time, 
however, both terranes were juxtaposed along the 
Hines Creek strand of the Denali fault system. 
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Figure 18.  Looking west a t  trace of Hines Creek Fault (black line) in Wyoming Hills. 
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