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3. The Coast Mountains Complex of
Southeastern Alaska and Adjacent Regions

By David A. Brew,! Arthur B. Ford,’ Glen R. Himmelberg,' and James L. Drinkwater!

ABSTRACT

The Cretaceous and Tertiary Coast Mountains Com-
plex 1s a 1,750-km-long, plutonic-metamorphic entity that
extends into Canada both to the northwest and southeast of
southeastern Alaska. This entity is part of the discontinuous
intrusive-metamorphic system of the western Cordillera that
extends from Baja California on the south to the Alaska
Peninsula on the northwest.

This note formally names the part of the Coast Moun-
tains Complex in Alaska in accord with accepted proce-
dures and definitions of the North American Commission
on Stratigraphic Nomenclature, U.S. Board on Geographic
Names, and U.S. Geological Survey. The type area for the
lithodemic comptex is herein designated as a transect across
the Coast Mountains near Juneau, Alaska. Overall, the com-
plex consists of about 70 percent intrusive granitic rocks,
most of which are latest Cretaceous to middle Tertiary in
age, and most of the remainder consists of metamorphic
rocks. A consistent metamorphic-plutonic zonation with
four northwest-striking zones characterizes the complex.
The protoliths of the metamorphic rocks range from Late
Proterozoic to Cretaceous in age and were metamorphosed
during several episodes, the most important being Early and
Middle Triassic, Early Cretaceous, and latest Cretaceous in
age. Most of the intrusive and metamorphic epjsodes post-
date the assembly of the terranes that provide the metamor-
phic rock protoliths; the accreted lithotectonic terranes are
the Nisling, Stikine, and Wrangellia, the Behm Canal struc-
wral zone, and the Gravina overlap assemblage. Although
the ages of protoliths and intrusive rocks together range
from Late Proterozoic to Tertiary, most of the intrusive and
metamorphic events occurred in Cretaceous and Tertiary
time, and we therefore refer to the complex as Cretaceous
and Tertiary in age.

The rocks of the Coast Mountains Complex have been,
and currently are being, referred 10 by several informal
names; most are incorrect either geologically or geographi-
cally, and the remainder are misleading at best. The formal
name Coast Mountains Complex rectifies these problems.

U S. Geologica) Survey. Menlo Park. CA 94025-3591.

INTRODUCTION

The 1,750-km-long complex of intrusive and metamor-
phic rocks that extends along the west coast of North Amer-
ica from the latitude of Vancouver, Bntish Columbia,
Canada, into Alaska west of the 141st meridian is probably
the world’s largest single plutonic-metamorphic complex
(fig. 1). Tt is the major segment of a still farger, discontinu-
ous plutonic-metamorphic complex that extends south from
the Coast Mountains physiographic province of Alaska, the
Yukon, and British Colombia, through the western conter-
minous United States, and south to the southern tip of Mex-
ico’s Baja California for a total length of about 8,000 km.
Different names. some of which are (in our opinion) inap-
propriate. inaccurate, or otherwise misleading, have been
applied to the Alaska-British Columbia part of the complex.
The purpose of this note is to formally name this complex in
accordance with the guidelines provided by the North
American Stratigraphic Code (North American Commission
on Stratigraphic Nomenclature, 1983). The name we have
selected is Coast Mountains Complex. In this note, we
record the previous and current conflicting terms applied to
this complex, locate the complex in relation to other seg-
ments of the overall system, give our rationale for selecting
the formal name Coast Mountains Complex, and briefly
describe the herein-designated type area at and east of
Juneau, Alaska. This compliex can be described by using
several different sets of criteria; herein, we use the plutonic-
metamorphic zonation of Brew and Ford (1984).

GENERAL LOCATION AND
DESCRIPTION

The boundaries of the Coast Mountains Complex as
defined here (fig. 2) are, except for minor changes, the same
as those defined and outlined by Brew and Ford (3984); the
changes are so minor that they are insignificant. The
western boundary is either the eastern contact of Gravina
overlap assemblage rocks or, where those rocks have been
metamorphosed, the western limit of the metamorphic
effects. The eastern boundary of the complex is either the
eastern limit of the metamorphism associated with the
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Figure 1. Location of Coast Mountains Complex in the United States and Canada. The complex may continve
west past the limit of the studicd area at the intersection of lat 62° N. with the 141st meridian.
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¢ Figure 2. Coast Mountaing Complex, southeastern Alaska

and adjacent parts of British Columbia, showing approximate
boundaries of major belts, zones, and units (from Brew and
Ford, 1984). Single capital letters A-F indicate different
segments of the complex mentioned in the text. Type area of
complex is indicated by heavy outline; Juneau is located under
the “M” of “WM’™ within that outline.

Tertiary plutons or. where Nisling terrane pre-Tertiary meta-
morphic rocks adjoin the Tertiary intrusions. the eastern
contact of those metamorphic rocks.

The Coast Mountains Complex as a whole extends
from the latitude of Vancouver, B.C. (about lat 48° N.), to
the intersection of lat 62° N. with the 141st meridian, a dis-
tance of about 1,750 km. This note focuses on the part of
the complex that is in southeastern Alaska, although much
of the complex is in Canada. Erom past discussions with our
Canadian colleagues, it appears unlikely to us that they will
accept this name for the Canadian portion, however well it
may be grounded in the North American Swatigraphic
Code. The complex takes its name from the Coast Moun-
tains physiographic province (Holland, 1964), which in
southeastern Alaska consists of the Boundary Ranges sub-
province (Wahrhaftig, 1965). This province closely follows
tidewater on its west to about Jat 59°30' N. (fig. 1), where
tidewater is left behind and the province is inland of the
more prominent Pacific Border Ranges province.

The Coast Mountains Complex can be described in
terms of its metamorphic-plutonic zonation (Brew and
Ford, 1984), metamorphic belts (Brew and others, 1989,
1992), magmatic belts (Brew and Morrell, 1980, [983;
Brew, 1988, 1994), individual plutons (Drinkwater and oth-
ers, 1989, 19090, 1992a b, 1994), and lithotectonic terranes
and superterranes (Monger and others, 1982; Brew and
Ford, 1994). Rather than reiterate all of these aspects in
detail here, we refer the reader to the above papers; the
following paragraphs summacize only the overall
metamorphic-plutonic zonation and provide some detail as
to the occurrence of plutons and batholiths in the corplex.

The Coast Mountains Complex in southeastern Alaska
and adjacent parts of British Columbia consists of four
major belts or zones, shown in figure 2 from west to east:
western metamorphic belt, central metamorphic zone. cen-
tral granitic zone, and eastern metamorphic zone. Figure 2
also shows the distribution of the Sloko Volcanics (Cana-
dian usage) and the Level Mountain and Mount Edziza vol-
canic fields; these are shown because they are the volcanic
expression, in part, of the plutonism recorded in the
complex.

One of the main reasons for describing this zonation
was to establish the close linkage between the rocks of the
western metamorphic belt and the other parts of the com-
plex. Brew and Ford (1978), as well as others previously,
excluded those rocks from the rest of the complex, but their
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origin and evolution are now known to be inextricably
linked to those of the other pants.

The Coast Mountains Complex consists almost
entirely of metamorphic and plutonic rocks, although it
includes some small oulliers of young volcanic rocks (fig.
2) and at least one area of very low grade metamorphic
rocks within the central granitic zone (Brew and others,
1985). The extensive snow and ice that mantle i discourage
attempts at areal measurements, and there are no rigorous
caiculations of the proportions of intrustve and metamor-
phic rocks available. Subjective estimates of the ratio of
plutonic rocks to metamorphic rocks for six southeastern
Alaska segments (fig. 2), in which orthogpeisses are
included with the plutonic rather than with metamorphic
rocks, are as follows:

Ralio of plutonic

Segment labeled on fig, 2 {0 metamorphic

rocks
A (Alaska-British Columbia boundary south to
Bemners Bay). oo 7:3
B (Berners Bay to Taku Inlet) ..........ococereecene. 6:4
C (Taku Inlet to Whiting River)............ 5:5
D (Whiting River 1o Stikine River) .........ccccveveee. 8.2
E (Sukine River to Bradfield River) ......ccoeee.ns 6:4
F (Bradfield River to Portland Canal) ................ 7.3
AVEEALE ... ecvvc i ncece e riressaasaninacaaen 73

As described below for the different metamorphic-plu-
tonic zones, the ages of protoliths and intrusive rocks in the
Coast Mountains Complex range from Late Proterozoic to
Tertiary. However, most of the intrusive and metamorphic
events occwted in Cretaceous and Tertiary time, and we
therefore refer to the compiex as Cretaceous and Tegtiary in
age.

The western metamorphic belt consists mostly of pro-
gressively metamorphosed (higher grade to the northeast)
medium- 1o high-pressure and medium- to high-temperature
peligc and amphibolitic schists. The schists near Juneau
have been described in detail by Himmelberg and others
(1991, 1994a,b), and the fower grade rocks that are adjacent
to the west were described by Himmelberg and others
(1995). Overall, the protolith ages for the belt range from
Permian and older to Late Cretaceous. Scattered Cretaceous
and Tertiary epizonal to mesozonal grapitic to ulramafic
bodies occur within the western metamosphic beli (Brew
and Morrell, 1980, 1983; Brew and Ford, 1984; Brew, 1988,
1994). As noted above, the western boundary of the beit and
of the Coast Mountains Complex is either the eastern con-
tact of Gravina overlap assemblage rocks or, where those
rocks have been metamorphosed, the western limit of the
metamorphic effects.

The central metamorphic zone consists mostly of syp-
kinematic to postkinematic mesozonal to epizonal granitic
bodies, mixed with intermediate- to high-temperature and

high-pressure schists, gneisses, and some migmatites (Brew
and Ford, 1984, 1985; Brew and others, 1984; Karl and
Brew, 1984). The ages of the protoliths of the rocks in the
zone are unceriain, but most may be Late Proterozoic to
Paleozoic (Gehrels and others, 1990; Brew and others,
1994) and belong to the Nisling terrane. The granitic rocks
range in age from Paleozoic(?) to Tertiary, with the most
conspicuous single map unit being the latest Cretaceous and
Paleocene Great tonalite sill (Brew and Ford, 1981; Brew,
1988. 1994; Ingram and Hutton, 1994).

The central granitic zope consists mostly of crosscut-
ting epizonal to mesozonal unfoliated granodioritic to gra-
nitic plutons of middle to late Tertiary age (Brew, 1988,
1694), with minor screens and pendants of metamorphic
rocks like those in the central metamorphic zone and minor
migmatites (Brew and Ford, 1984). The Sloko Volcanics
(Souther, 1971) (fig. 2) are roughly coeval with the middle
Tertiary plutonic rocks. Field mapping (Brew and others,
1984; Brew and Ford, 1985; Berg and others, 1988) and
detailed studies (Drinkwater and others, 1992a,b) indicate
that many (and perhaps most) of the individual granitic bod-
ies in ¢his zone are of batholithic dimensions (Bates and
Jackson, 1987).

The eastern metamorphic zone consists mostly of low-
to high-temperature, low-pressure hornfels with scattered
epizonaf granitic bodies (Brew and Ford, 1984). This zone
is exposed mostly in British Colembia and includes some
intermediate- to high-temperature and high-pressure schists,
goeisses, and marbles that have the same protoliths as
described for the central metamorphic zone and probably
belong to the Nisling terrane. Other protoliths include
Permian to Upper Triassic rocks like those extending to the
east beyond the Coast Mountains Complex. As noted
above, the eastern boundary of this zone and of the complex
is either the eastern limit of the metamorphism associated
with the Tertiary plutons or. where Nisling terrane pre-Ter-
tiary metamorphic rocks adjoin the Tertiary intrusions, the
eastern contact of those metamorphic rocks.

PREVIOUS AND CURRENT INFORMAL
NOMENCLATURE

Many different informal terms have been, and are cur-
rently being, used to deseribe the geologic entity that we
here formally name the Coast Mountains Corplex. In our
opinion, some of the terms are inaccurate, some are mis-
leading, and the multitude of terms itself has led to confo-
sion. The informal terms used previously include Coast
batholith, Coast batholithic compiex, Coast crystalline belt,
Coast Mountain belt, Coast Piutonic Complex, Coast
plutoric-metamorphic complex, Coast Rarge batholith,
Coast Range batholithic compiex. and Coast Range plutonic
complex. The shortcomings of most of these terms are dis-
cussed in the following section.
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In their pioneering study based on fieldwork done
about 70 years ago, Buddington and Chapin (1929) used the
term ‘Coast Range batholith” in their text and on their maps
10 indicate the intrusive granitic rocks (Buddington, 1927),
gneisses, and other rocks of what is now called the Great
tonaiite sill and on to the northeast of it as far as the interna-
tional boundary. Buddington and Chapin (1929} used the
terms “‘Wrangell-Revillagigedo belt of metamorphic rocks™
or “Wrangeli-Revillagigedo metamorphic belt” for the
“composite belt of sedimentary and intrusive rocks” or
“metamorphic complex belt” that bordered their Coast
Range bathotith on the southwest. Their Coast Range
bathalith corresponds to the central metamorphic and cen-
ral granitic zones of the Coast Mountains Complex as
defined here, and their Wrangell-Revillagigedo belt of
metamorphic rocks corresponds more or less to the western
metamorphic belt of the complex.

Douglas and others (1970) may have been the first to
use the term “Coast plutonic complex,” which they defined
as a belt of crystaliine rocks or a complex composed domi-
nantly of foliated and unfoliated granitic rocks with a
gneiss-migmatite core that contained some large areas of
metamorphic rocks. They specifically noted (p. 427) that
“An irregular belt of narrow, elongate, steep-walled roof
pendants of metasedimentary rocks stretches southeastward
from within the Wrangell-Revillagigedo greiss belt on the
west side of the complex in southeastern Alaska, to near the
eastern side, near Bella Coola.” The sketch map of Douglas
angd others (1970, p. 422) shows the western {imit of their
Coast plutonic complex about where Buddington and
Chapin (1929) placed the eastern edge of their Wrangell-
Revillagigedo belt, but it seems clear that Douglas and oth-
ers (1970) and Roddick and Hutchison (1974) intended to
include the rocks of the Wrangell-Revillagigedo belt in their
Coast plutonic complex. This inclusion agrees with our def-
inition of the Coast Mountaias Complex. At about the same
time, Forbes and Engels (1970) were using the term “Coast
Range batholith and related rocks” for the complex.

Brew and Ford (1978) summarized how the U.S. Geo-
logical Survey had been handling the terminology for the
preceding two decades or so in their footnote on page 1764:
“The [informal]l term Coast Range batholithic complex is
used here to denote the granitic and gneissic rocks of the
Coast Range as well as any enciosed schists, marbles, etc.
This usage specificatly excludes parts of the schist terrane
of the Wrangell-Revillagigedo metamorphic belt (Budding-
ton and Chapin, 1929) that adjoins the gneisses and granitic
rocks on the sousthwesl.”

Brew angd Ford (1984) were the first to use the infor-
mal term “Coast plutonic-metamorphic complex” for all of
the rocks included in both Buddington and Chapin’s (1929)
Coast Range batholith and their Wrangell-Revillagigedo
belt. Brew and others (1991, 1992) continued this informal
use during the time that other workers (Barker and Arth,
1984; Arth and others, 1988; Gehrels and others, 1991) con-

tnued to refer to the cntire complex informally as a
batholith. More recently, Brew and Ford (1993, 1994) real-
ized that the term “Coast,” when used alone (as they had
used it), was inappropriate, as it was not a valid geographic-
physiographic name, and started using the informal term
“Coast Mountains plutonic-metamorphic complex” instead.

RATIONALE FOR SELECTION OF
FORMAL NAME

As noted above, the Coast Mountains Complex
includes metamorphic rocks and plutonic rocks of different
ages and types. Many of the plutons are of batholithic
dimensions, and most have been grouped into chronometric
and modal-compositional beits (Brew and Morreil, 1980,
1683, Brew, 1988, 1994). After studying the rocks of the
complex and dealing with the multitude of informal names
for about 30 years, we have decided to here formally name
this world-class geologic entity the Coast Mountains Com-
plex. This note informs others of the problems involved and
our reasoning in this action.

The North American Stratigraphic Code (North Amer-
ican Commission on Stratigraphic Nomenclature, 1983,
p. 861, article 37) defines the lithodemic unit term
“complex’ as “An assemblage or mixture of rocks of two or
more genetic classes, i.e., igneous, sedimentary, or meta-
morphic ... .” Prior to the 1983 version of the code, the
term “‘complex” had been used for a variety of geologic
entities that do not fit the 1983 definition; for example,
Stillwater Complex, Shoo Fly Complex, Franciscan Com-
piex, Valdez Complex. The Coast Mountains Complex
betng named in this note may be the first formal use of the
term “‘complex” in the United States to follow the 1983
definition.

Two of the authors of this note made a serious effort
(Brew and Ford, 1989, 1990) to amend the code 1o exclude
the lithodemic term “complex” from formal stratigraphic
nomenclature, but that proposed amendment was defeated
by a formal vote of the North American Commission on
Stratigraphic Nomenclature. Because the geologic entity we
study is truly a complex as defired by the 1983 code, we are
formatly naming it herein as the Coast Mountains Complex.

Other large plutonic-metamorphic complexes in the
world are called “batholiths™; for example, the Boulder
batholith of Idaho, the Sierra Nevada batholith of California
and Nevada, the Peninsular Ranges batholith of southern
California and northern Baja California, and the Corditleran
batholith of western South America. The same terms have
been applied consistently and without variation (o these
geologic entities for many years, even though each actually
consists of more than one “batholith” as defined by Bates
and Jackson (1987, p. 59). Many informal terms, including
the word “batholith,” have been applied to the rocks that we
call the Coast Mountains Complex, but we wish to follow
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the 1983 code, which clearly indicates that “complex” is the
propes term for the entity we study.

Terms cited in the above section on “‘Previous and Cur-
rent Informa! Nomenclature” that incorporate the words
“batholith,” “Coast” {used alone}, “Coast Range,” and
“belt” are imappropriate because these are not approved
geographic-physiographic names. Orth (1967, p. 227) spe-
cifically pointed out that the name ““Coast Range” is “‘fre-
quently misapplied to the Coast Mountains.” Informal terms
inctuding the word “‘belt” are also inappropriate because
“belt” is not defined by the 1983 code.

Names using “complex” with the implication that it is
solely a piutonic complex violate the definition in the 1983
code. Some of our cotleagues consider the term “plutonic”
to include medium- to high-grade metamorphic, as well as
intrusive, rocks; Bates and Jackson (1987, p. 513) defined
the term as “Pertaining to igneous rocks formed at great
depth™ or “Pertaining to rocks formed by any process at
great depth.” We use the term “plutonic” here in the sense
of being associated with piutons, meaning discrete bodies of
intrusive igneous rock.

LOCATION AND DESCRIPTION
OF TYPE AREA

On the basis of our studies along the length of the
Coast Mountains Complex tn southeastern Alaska, we here
designate a broad (about 40 km wide) transect extending for
about 80 km from Douglas Isiand on the south-southwest to
the Alaska-British Columbia boundary on the north-north-
east as the type area of the Coast Mountains Complex
(fig. 2). This transect contains all of the various belts, zones,
terranes, and other features that occur anywhere in the com-
plex. It is the site of the greatest amount of detailed map-
ping in the complex, and the pertinent chronomewic and
compositional units present here have been described ade-
quately and also have been correlated lithologicalty and
temporally with their lateral equivalents on strike through-
out the length of the complex in southeastern Alaska.

The transect is contained within the regional geolagic
map of Brew and Ford (1985), and a large part is also within
the detailed geologic maps of Ford and Brew (1973,
1977b), Brew and Ford (1977), and D.A, Brew and A.B.
Ford (unpub. data). From south-southwest to north-north-
east, it is made up of these major units and structures, listed
with their lithotectonic terrane assignments:

(1) low-pressure, low-temperature, intermediate-composi-
tion metavolcanic and some metapelitic sedimentary
rocks of the Douglas Island Volcanics of the Stephens
Passage Group of the Gravina overlap assemblage
(Lathram and others, 1965; Berg and others, 1972; Ford
angd Brew, 1988; Himmelberg and others, 1995);

(2) the Coast Range megalincament as defined by Brew
and Ford (1978), which is here the high-angle Gastineau
Channel fault (Ford and Brew, 1973);

(3) low- to medinm-pressure, low- 1o medium-temperature,
mafic- to0 intermediate-composition metavolcanic and
some metapelitic and metacarbonate sedimentary rocks
belonging to the Wrangellia terrane (Ford and Brew,
1993);

(4) medium- to high-pressure, medium- to high-tempera-
ture pelitic schists together with minor amphibolitic
schist and marble that are presently assigned to the
Behm Canal structural zone (Brew and Ford, 1993,
1994) and have been described in detail by Himmelberg
and others (1991, 1994a,b); the Late Cretaceous sills of
the Mount Juneau pluton are within this unit (Ford and
Brew, 1977a; Drinkwater and othess, 1990);

(5) the well-foltated and locally lineated, intermediate-
composition granitic rocks of the Great tonalite sitl
composite batholith (Brew and Ford, 1981; Brew, 1988;
Gehrels and others, 1991; Ingram and Hutton, 1994),
which is dated at 69 to 56 Ma and which was emplaced
at or close to the contact between the Behm Canal struc-
tural zone to the west and the metamorphic rocks of the
Nisting terrane to the east;

(6) layered biotite-hornblende gneiss, amphibole gneiss,
quartz- and feldspar-rich schist, and multicomponent
migmatite intruded by a series of broad hornbiende-
biotite granodiorite sills (Brew and Ford, 198S; Brew,
1988, 1994; Drinkwater and others, 1989, 1990), which
are dated at 60 to 55 Ma and which are refated to the
Great tonatite sill;

(7) generally unfoliated, massive, and homogeneous
sphene-biotite-hornblende granodiorite (50 Ma) of the
Turner Lake batholith (Brew and Ford, 1985; Brew,
1988, 1994; Drinkwater and othess, 1992a,b, 1994) with
its sporadic screens of metamorphic rocks and local
migmatite zones; and

(B) locally hornfelsed, intermediate-composition metavol-
canic rocks of the Stikine terrane and pelitic and semi-
pelitic schists of the Nisling terrane at and near the
international boundary (Brew and Ford, 1985; Brew and
others, 1994).

All these units fit into the metamorphic-plutonic zona-
tion scheme given previously for the rocks of the Coast
Mountains Complex as a whole (Brew and Ford, {984). The
western metamorphic belt consists of above units t—4, the
centra) metamorphic zone consists of units 5-6, the central
granitic zone is unit 7, and the eastern metamarphic zone is
unit 8.

Magmatic and metamorphic belt classifications for
these rocks (Brew and Morrell, 1983; Brew, 1988, 1994;
Brew and others. 1989, 1992) aggregate some of the units
mentioned above into larger entities and partition some
units into different parts. The point is that the rocks in the
type area of the Coast Mountains Complex and in the other
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parts of the complex can be described according to a variety
of schemes that correspond to their varied attributes, but
definition on the basis of other atiributes would not affect
the formal naming of the complex.
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