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EXPLANATION

The metamorphic scheme used to compile this map (Zwart and others, 1967; fig, 4; table 1) is based Q/A
on pressure- and temperature-sensitive metamorphic minerals. Metamorphosed rocks are divided into three

facies groups based on increasing temperature: (1) laumontite and prehnite-pumpellyite facies (LPP), I» M‘}“é
shown in shades of gray and tan; (2) greenschist facies (GNS), shown in shades of green; and (3) epidote- \e f
amphibolite and amphibolite facies (AMP), shown in shades of orange. Where possible, the greenschist- g J/
facies and the epidote-amphibolite- and amphibolite-facies groups are divided into three facies series on the {r/

basis of pressure. H, |, or L in place of the final letter in the symbol used for a facies group indicates a high-, Pl
intermediate-, or low-pressure facies series, respectively. Numerical subscripts are used to differentiate

between units that have the same metamorphic grade and age but that are thought to have different iver.
metamorphic histories.
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USE OF METAMORPHIC COLOR PATTERNS AND SYMBOLS

Metamorphic-facies designation—Age, or bracketing ages! of metamorphism given in parentheses.
Letters preceding age: |, late; m, middle; e, early. (For example, GNS (eKF) indicates greenschist-
facies metamorphism occurred sometime during Paleozoic to Early Cretaceous time)

Undifferentiated facies groups or series—Dominant facies or series given first { o
Undifferentiated greenschist and amphibolite facies q“&‘{/\i“
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Undifferentiated high-and intermediate-pressure amphibolite facies
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Transitional between two facies groups or series—Lower grade or pressure facies given first
Transitional between prehnite-pumpellyite and greenschist facies EX//
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_, —+_, _—+_, - Strongly metamorphosed pluton—Metamorphic-facies designation of pluton considered to be e °
e = that of surrounding metamorphic unit; protolith age of metaplutonic rocks given in text {s\,\(”

2 Weakly metamorphosed pluton—Known to have been or inferred to have been
metamorphosed under low-grade metamorphic conditions (prehnite-pumpellyite- or
lowermost greenschist-facies grade) along with its wallrocks. Protolith age of
metaplutonic rocks given in text
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ogl Location of metamorphic-mineral occurrence—a, andalusite; ¢, cordierite; cs, crossite; g,
glaucophane, k, kyanite; |, lawsonite

022 Metamorphic-mineral locality and number—Shown on plate 2 and referred to in table 2
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GRANITIC AND OTHER ROCK SYMBOLS

(Areas shown as granitic rocks may include some intrusive rocks of intermediate or mafic
composition and some related volcanic and hypabyssal rocks)

Qs Surficial deposits (Quaternary)
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Postmetamorphic granitic rocks
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Tertiary, Tertiary and (or) Cretaceous, Cretaceous
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Synmetamorphic and synkinematic granitic rocks
Early Tertiary and Late Cretaceous, Late Jurassic, Middle and Early Jurassic

Undivided mafic and ultramafic rocks

dJurassic Border Ranges mafic and ultramafic complex—After Burns (1985) Shag Wel Z ley,
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Ultramafic rocks—Unit may also include minor associated layered gabbroic rocks
and pillow basalt

durassic, Devonian, Mesozoic and (or) Paleozoic
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LINE SYMBOLS

Contact or boundary between metamorphic-facies units—Dashed where
approximately located; dotted where concealed; may cut across
premetamorphic faults. Delineation of dotted contacts or boundaries
under areas shown as glaciers based on exposure of nunataks and (or)
on extension of contacts or boundaries along strike between areas in
which bedrock is exposed

High-angle fault—Dashed where approximately located; dotted where
concealed. Arrows show relative horizontal movement

v v v Thrust fault—Dashed where approximately located; dotted where
concealed. Sawteeth on upper plate

v v v Low-angle normal fault—Sawteeth on upper plate
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QMM Contact-metamorphic aureole—Approximately 1 km or more in width

—u—uu_ Sillimanite isograd—Ticks on high-grade side
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contacts or boundaries along strike between areas in which '\2—
bedrock is exposed. Areas shown as unmetamorphosed | ) ' o h ,
volcanic and (or) sedimentary rock within the boundaries of ~ 4 ) - ] . T L s x S \ S U B ; i . Z
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—{WHVALDEZ e 1:250,000-scale quadrangle—Boundary, name, and map reference
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1Standard abbreviations for metamorphic ages are: T, Tertiary; Mz, Mesozoic; i >

K, Cretaceous; J, Jurassic; R, Triassic; Pz, Paleozoic; M, Mississippian; D, [7;01}1 \
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-~ y AREA SOUTH OF THE BORDER RANGES FAULT SYSTEM
ag° Undifferentiated, locally mylonitic greenschist- and amphibolite-facies mafic schist and lesser amounts of pelitic 1 Chugach terrane
Iz:;nd pslalmrpltnc schnl§tl; metacll\ldert, gree:?stor.le,' marble,dand }:netagranodlorlltet—dMe.tgs];rtz;nOSilct)rlte. is Oi : Transitional intermediate-pressure greenschist-facies to high-pressure greenschist- (blueschist-) facies
senr;:}szrzaglaghﬁgztsoﬁ age. od iizlgsfaslssi::na;se O e e BEehl @R e R metabasalt, metachert, mica schist, marble, and fine-grained clastic rocks—Unit occurs as fault-bounded
: ; : an: SAE et R and commonly internally imbricated blocks. Protolith ages are unknown. Metamorphism occurred during Early
LLLEELLLLELE st Fanea ¥ Danm, Fibision, ey, Wy, saiCilngg ey ::@%?ﬁ: | Undifferentiated, locally mylonitic greenschist- and amphibolite-facies mafic schist, calcareous schist, pelitic or and Middle Jurassic time
ot v n: Polydeformed and partly or totally polymetamorphosed greenschist-facies metasedimentary and metavolcanic — - sammitic schist, marble, metachert, and metagranodiorite that have been retrograded to greenschist- : 5 ) e . o ]
o mm WEKF | P ) ’ ) gr OQ ¢ 9 2 i |
ABBREVIATED DESCRIPTION OF METAMORPHIC MAP UNITS TR rocks—Unit includes schist, quartzite, phyllite, lesser amounts of greenstone, marble, and metachert(?), and singly facies assemblages—Metagranodiorite is of Pennsylvanian protolith age; bedded rocks are probably of Early Freimite pumpgllynte facu::s argilitie, metagrawacke, greenstone, meta@ff, o metac_h b kot melange
A nie : D ; y T ; ; - : e : : v ; . : and also includes minor amounts of metalimestone, mafic metaplutonic rocks, serpentinite, and slices of exotic
(See text for more detailed information) metamorphosed metadiorite and metagabbro dikes and sills. Protoliths include Devonian volcanic rocks, probable Pennsylvanian protolith age. Initial metamorphism was synkinematic with the intrusion of Late Jurassic plutons.

blueschist-facies rocks. Metamorphism occurred during Jurassic to early Tertiary time

Prehnite-pumpellyite-facies flyschoid metasedimentary rocks—Unit includes slate, phyllite, metasandstone, and
metaconglomerate of the Upper Cretaceous Kodiak Formation. Metamorphism occurred during latest
Cretaceous and (or) early Tertiary time :

Low-pressure greenschist-facies flyschoid metasedimentary rocks and oceanic metabasaltic rocks—Unit includes

Paleozoic sedimentary and volcanic rocks, Upper Triassic carbonaceous and calcareous rocks and limestone, and
Late Triassic to late Early Cretaceous gabbro. Ages of the metamorphic episodes are poorly known. The first

AREA NORTH OF THE McKINLEY AND DENALI FAULTS episode is bracketed between Devonian and late Early Cretaceous time; the second is probably late Early
. e Cretaceous in age

Retrograde metamorphism occurred primarily during Late Cretaceous and (or) early Tertiary time

Undifferentiated greenschist- and amphibolite-facies phyllite, pelitic schist, calcareous schist, mafic schist,
amphibolite, compositionally variable metaplutonic rocks, marble, and metachert that have been
retrograded to prehnite-pumpellyite facies—Protoliths include Lower Pennsylvanian bedded rocks,

Pennsylvanian intrusive rocks, and Upper Triassic volcanic and carbonate rocks. Initial metamorphism was F-GNL(eTIK) {

)

Kantishna River aren (Nixon Fork. Minchumina, and White Moumtairis tefranes =2 GNS(eK) =~ - Amphibolite-facies schist, quartzite, amphibolite, and granitic gneiss that have been retrograded to greenschist-

facies assemblages—Protoliths and metamorphic age constraints are the same as those described immediately synkinematic with the intrusion of Late Jurassic plutons. Retrograde metamorphism occurred primarily during metagraywacke, slate., phyllite, Semi’SthSt, schist, and, locally, metaconglomerate, metatuff, .greenstone,
GNS(eKmP:) Greenschist-facies phyllite, schist, quartzite, greenstone, and marble—Protoliths are Proterozoic(?) to middle(?) above Late Cretaceous and (or) early Tertiary time :jne?agalbbr(i, Cgretenschlst, an serptlanfll_nﬁie 4 t.the Hpper ‘Cisiacaaps Yoldes Sy, Metatmarphism; gociireed
— Paleozoic in age. Metamorphism is bracketed between middle Paleozoic and Early Cretaceous time Prehnite-pumpellyite-facies semischist, metavolcanic rocks, schist, phyllite, slate, metalimestone, and Greenschist-facies marble, phyllite, metavolcanic rocks, mica schist, and metaplutonic rocks—Marble is, in part, ~ GNL(eTIK) s iy et ear}; ?: - .1me . . . i prtiee ol el
Prehnite-pumpellyite-facies argillite, semischist, quartzite, metalimestone, and metachert—Protoliths are ~ metaconglomerate—Protoliths are Ordovician(?) to Early Mississippian in age. Metamorphism is thought to Devonian in age and may be as old as Cambrian; metaplutonic rocks are late Paleozoic in age. Metamorphism . +AML(eT) | Polymetamorphosed low-pr-essur.e amphnbollte-lfaaes quartz-mica schist and g‘nelss')—Prot.ohths and timing of initia
Ordovician to Devonian in age. Metamorphism is bracketed between Devonian and early Late Cretaceous time have occurred during late Early Cretaceous time may have occurred during late Paleozoic and (or) during Late Jurassic to Early Cretaceous time IOW'I;Y‘ESSI‘}W fgr?enschlst—faaesh .metamorph1sm_ al’ed th? }iagle as tholse d€5Cflb€% 1rqud|ately. a'xbl?ve. ]Sugfquerg
- Greenschist-facies metasedimentary and metavolcanic rocks—Protoliths include Proterozoic and (or) Paleozoic _ Amphibolite-facies heterogeneous assemblage of orthogneiss, amphibolite, metaplutonic rocks, schist and ?nrzgr:]oo lﬁ;iﬁ;ﬁf iz:ts;nl_cl);zs;n;:ja;l:fis;c;?gesz;mt ecene plutosim.  Equwlent to tniosmal) Chogae
5 Eerous Cape basement and overlying middle Paleozoic rocks. Metamorphism is bracketed between Mississippian and late Early hyllite—Unit consists of a fault sliver of unknown origin. Metamorphism bracketed between Paleozoic and late N p
), 1p phyl g P

Transitional greenschist- to amphibolite-facies schist, semischist, and amphibolite—Protoliths are interpreted to be
turbidites and tholeiite of Cretaceous, probably Late Cretaceous, age. Metamorphism occurred, perhaps more
than once, sometime during Cretaceous to Miocene time

Amphibolite-facies biotite gneiss, hornblende schist, and amphibolite—Protoliths and protolith and metamorphic
age constraints are the same as those described immediately above

Yukon-Tanana upland (Yukon-Tanana and Seventymile terranes) Cretaceous time Tertiary time

o
57 Greenschist-facies phyllite, metaconglomerate, schist, quartzite, metalimestone, greenstone, and metavolcanic
rocks—Metalimestones contain Middle Devonian fossils. Metamorphism is bracketed between Middle Devonian

and early Late Cretaceous time

Prehnite-pumpellyite- and (or) greenschist-facies metasedimentary rocks, greenstone, and metachert—Protoliths
range in age from middle Paleozoic to mid-Cretaceous. Metamorphism occurred during Cretaceous time

Transitional low- to intermediate-pressure greenschist-facies phyllite, quartzite, metaconglomerate, metavolcanic

Cape Ba”flabas High-and Intermediate-pressure amphibolite-facies gneiss, schist, amphibolite, marble, and quartzite—Protoliths
include at least some Paleozoic rocks. Metamorphism is thought to have taken place during Late Triassic through
Early Jurassic time

Greenschist-facies schist and minor phyllite and metavolcanic rocks—Protoliths are thought to be of Paleozoic age.

Metamorphism is thought to have taken place during Late Triassic through Early Jurassic time
Transitional prehnite-pumpellyite- to greenschist-facies greenstone and associated metasedimentary and

Low-grade rocks of the Peninsular and Wrangellia terranes and low- to high-grade flyschoid rocks inboard of the Wrangellia terrane

Laumontite-facies metagraywacke and metavolcanic rocks—Protoliths are Jurassic volcaniclastic sedimentary rocks
and volcanic rocks. Metamorphism probably was associated with and primarily preceded Jurassic plutonism

57°

Yakutat terrane

s ; e — rocks, metalimestone, and minor metagabbro—Protoliths are proposed to be J ic and Cretaceous in age.

s el e e it v . s e g Al v il Metamorphism occurred during Cretaceoui time iz deai ks Prehnite-pumpellyite-facies greenstone and volcaniclastic turbidites—Protoliths are Late Triassic in age. Laumontite- and prehnite-pumpellyite-facies metasandstone, argillite, and metaconglomerate and structurally

Mississippian, Early Permian, and Late Triassic in age. Metamorphism took place during Early Jurassic time and % daic B . : " ; . ; ; T Metamorphism bracketed between Late Triassic and early Tertiary time disrupted lenses—Protoliths of metasedimentary rocks were deposited in Late Cretaceous time. Lenses

may have begun in latest Triassic time ; y /4,’,! 7 % Transitional low- to intermediate-pressure amphibolite-facies schist, marble, quartzite, and minor amphibolite ) . . i . - X i . P i Y P ol ? . i

. ) ) ; . . : ) _ s 7 and metaplutonic rocks—Unit also includes weakly metamorphosed plutonic rocks. Protoliths include Triassic Undifferentiated prehnite-pumpellyite- and greenschist-facies metavolcanic rocks, metalimestone, argillite, (mélange) consist of Upper Jurassic(?) and Lower Cretaceous metachert, argillite, and sedimentary and volcanic
Prehnite-pumpellyite-facies quartzite, phyllite, metalimestone, and grit—Protoliths are Proterozoic and (or) i ; Y i metachert, greenstone, metasedimentary rocks, and intermediate metaplutonic rock—Sedimentary and rocks and olistostromal blocks of older rocks. Unit is lowest grade part of a low-pressure-facies series.

Paleozoic in age. Metamorphism is bracketed between Paleozoic and late Early Cretaceous time and may have eelearous nocts and gabbrole dikes and sills of presumer Jursssie aad Crelaveoys age; weakly melimolitssd volcanic protoliths are late Paleozoic, Triassic, and Mesozoic in age; plutonic protoliths are Pennsylvanian in age Met hi d during latest Cret d (or) early Tertiary ti

occurred during Early Cretaceous time (late-kinematic) plutonic rocks are of Late Cretaceous age. Metamorphism occurred during Cretaceous time ! ? ; ) etamorphism occurred during latest Lretaceous and (or) early lertiary time

Age of metamorphism may have varied within this unit. Metamorphism occurred sometime during Early Jurassic
to Late Cretaceous time
Prehnite-pumpellyite-facies metamorphosed flyschoid rocks and tectonically interleaved fragments composed of
various metaigneous and metasedimentary rocks—Flysch consists of metagraywacke, semischist, and argillite
Greenschist-facies schist, semischist, quartzite, marble, greenstone, and phyllite—Sedimentary protoliths are of Late Jurassic to early Late Cretaceous age. Tectonic fragments consist of metachert, metalimestone,

Greenschist-facies slate, phyllite, and semischist—Unit is intermediate-grade part of a low-pressure-facies series.
Protoliths and protolith and metamorphic age constraints are the same as those described immediately above

Amphibolite- and epidote-amphibolite-facies metavolcanic rocks, schist, and minor metaconglomerate and

. marble—Unit is highest grade part of a low-pressure-facies series. Protoliths and protolith and metamorphic age

Undifferentiated prehnite-pumpellyite- and greenschist-facies quartzite, argillite, phyllite, and minor
metalimestone—Protoliths are Proterozoic and (or) Paleozoic in age. Metamorphism is bracketed between
Paleozoic and late Early Cretaceous time and may have occurred during Early Cretaceous time

AREA SOUTH OF THE MCKINLEY AND DENALI FAULTS AND NORTH OF THE BORDER RANGES FAULT SYSTEM

Paleozoic in age; volcanic protoliths are in part Devonian in age. Metamorphism is bracketed between Paleozoic Medium-grade rocks of the Peninsular, Wrangellia, and Alexander terranes metasedimentary rocks, and mafic to intermediate metavolcanic rocks; protolith ages range from Devonian to consiraints ate the same as those described above for unit LPP(sTIK),
/ and late Early Cretaceous time Undifferentiated amphibolite- and greenschist-facies metavolcanic and metaplutonic rocks and subordinate Jurassic. Metamorphism occurred sometime during early Late Cretaceous to early Tertiary (latest Paleocene) time
155° 154° 153° 152° Intermediate-pressure greenschist-facies quartzite, pelitic schist, felsic schist, mafic schist, calc-silicate rocks, marble and pelitic schist—Protolith ages are unknown but presumably are late Paleozoic to Early Jurassic. LPP(eTIK); Prehnite-pumpellyite-facies argillite, metagraywacke, metaconglomerate, metagabbro, and volcaniclastic PR R T S

Base from L8, Geological Sirvey, : 00000 National Atlas series: and rare marble—Protoliths are Proterozoic(?) and Paleozoic in age; volcanic protoliths are in part Devonian in Metamorphism was probably associated with Early and (or) Middle Jurassic plutonism metasedimentary rocks—Unit forms lou{est grade part 'of the Maclaren metamorphic bfelt. _Protollths are . - - ‘
Central Alaska, sheet 38-39; Northern Alaska, sheet 40-41; Southwestern age. Metamorphism is bracketed between Paleozoic and late Early Cretaceous time and may have occurred i s ‘| Amphibolite-facies pelitic schist that has been retrograded to greenschist-facies assemblages—Protolith ages are Jurassic and Cretaceous flysch. Metamorphism occured during Late Cretaceous and early Tertiary time Prehnite-pumpellyite-facies metagraywacke, argillite, metaconglomerate, metalimestone, greenstone, and
Alaska, sheet '42-43: Aleut'ian Islands, sheet 44-45, 1967'(revised 1973) during Early Cretaceous time i unknown but presumably are late Paleozoic to Early Jurassic. Amphibolite-facies metamorphism was probably Intermediate-pressure greenschist-facies phyllite, metagraywacke, marble, quartzite, and greenstone—Unit forms greenschist—Unit locally includes zones of mélange. Protoliths in the Kodiak area ‘(Ghost Rocks Formétlon of

Intermediate-pressure amphibolite-facies pelitic schist and gneiss, quartzite, orthogneiss, calc-silicate rocks, associated with Early and (or) Middle Jurassic plutonism. Retrograde metamorphism occurred sometime during medium-grade part of the Maclaren metamorphic belt. Protoliths are Jurassic and Cretaceous flysch and Triassic Moore and others, 1983) are Late Cretace9us to garly Pa.leocene in age; prot.ohths in the rest 'Of the unit (Qrca
Albers Equal Area Projection marble, and amphibolite—Plutonic protoliths are Late Proterozoic and Mississippian in age. Metamorphism is Early Cretaceous to Paleocene time carbonaceous sedimentary rocks, limestone, and mafic igneous rocks. Metamorphism occurred during Late Group) are late Paleocene through early middle Miocene in age. Metamorphism occurred during early Tertiary

bracketed between Paleozoic and late Early Cretaceous time and may have occurred during Early Cretaceous time Undifferentiated greenschist- and epidote-amphibolite-facies tectonized oceanic rocks and blocks of metachert Cretaceous and early Tertiary time e : y : - —
AMP(eK) Amphibolite-facies schist, gneiss, augen gneiss, amphibolite, quartzite, and minor marble—Volcanic protoliths are and metabasalt in argillite matrix—Oceanic rocks include argillite, metachert, schist, amphibolite, marble, and Intermediate-pressure amphibolite-facies schist, gneiss, amphibolite, and metaplutonic rocks—Unit forms highest Polymetamorphosed low-pressure amphibolite-facies metasedimentary T?Cksf_pr‘;tomhs and timing of {mtlfl
Devonian in age; plutonic protoliths of augen gneiss are Mississippian in age. Metamorphism culminated in Early calc-silicate rocks. Marble is of Permian protolith age. Metamorphism was associated with Early Jurassic and (or) grade sequence of the Maclaren metamorphic belt. Protoliths are Jurassic and Cretaceous flysch and Triassic prehnite-pumpellyite-facies metamorphism are the same as those described for the Orca Group immediately

Cretaceous time but may have begun during Jurassic time in at least some areas Early Cretaceous plutonism carbonaceous sedimentary rocks. Metamorphism occurred during Late Cretaceous and early Tertiary time above. Subsequent amphibolite-facies metamorphism was associated with Eocene plutonism




