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LATEST MESQZOIC AND CENOZOIC IGNEOUS ROCKS
OF SOUTHEASTERN ALASKA--A SYNOPSIS
By
David A. Brew

INTRODUCTION

The most important latest Mesozoic and Cenozoic, post-accretionary
geologic features of southeastern Alaska are the magmatic activity that
affected a large part of the region and the metamorphism and deformation that
was interspersed with that activity. This report is a preliminary version of
a report on this magmatism prepared for the Decade of North American Geology
(DNAG) volume on Alaska. The magmatic activity is a continuation of the late
Mesozoic igneous events that will be discussed in the DNAG volume by T.P.
Miller. The metamorphic history will be discussed in the DNAG volume by C.
Dusel-Bacon.

The post-accretionary geologic history starts with the accumulation of
the Gravina belt overlap assemblage of rocks in Late Jurassic and Early
Cretaceous time (Berg and others, 1972). The locally voluminous volcanic
rocks within that assemblage are probably the extrusive equivalents of island-
arc intrusive rocks that are preserved west of the Gravina belt over a large
area in northern southeastern Alaska (Brew and Morrell, 1983). Neither those
volcanics nor granitoids are discussed in this paper.

Previous syntheses concerned with the magmatic rocks of southeastern
Alaska comprise a summary of post-Carboniferous volcanic activity (Brew,
1968), summaries of the distribution and general characteristics of the
plutonic rocks (Brew and Morrell, 1980, 1983), a summary of the geochronologic
data available (Wilson and Shew, 1982), and two reports concerned with the
tectonic significance of major and trace element chemical data (Barker and
Arth, 1984; Barker and others, 1986). Karl and Brew (1984) discussed
migmatitic rocks associated with some of the intrusive rocks; that topic is
not considered in this report. This present report summarizes a more lengthy
and complete study on this same topic that is in preparation.

In this report, the latest Mesozoic and Cenozoic plutonic and volcanic
rocks are grouped chronometrically; the same time divisions are to be used in
the DNAG volume for the Cenozoic magmatic history of the remainder of Alaska by
E. Mo11-Stalcup. The divisions are approximate, and several of the belts
described in the region include rocks whose radiometric ages fall somewhat
outside of the defined limits. Within each chronometric group, extrusive and
intrusive rocks are identified compositionally and are separated into
geographic belts. The general approach is similar to that of Brew and Morrell
(1983). Table 2 provides summary information on modal and chemical
compositions, chronometric data, and emplacement/eruptive environment for each
of the chronometric groups. The chemical classifications of the rocks are
those of Shand (1951) and Irvine and Baragar (1971). Figure 1 shows the
general geographic distribution of the rocks of different ages and is an index
map for the descriptions in the table.

Igneous activity in southeastern Alaska ranges from early Paleozoic to
Holocene in age but was most frequent in the late Mesozoic and Cenozoic.
Currently available geochronologic data for southeastern Alaska are summarized
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in Figure 2, which shows the frequency distribution for 402 age determinations
of all types of rocks from southeastern Alaska southeast of the Yakutat
1:250,000 scale quadrangle. The relative recency of magmatic activity in the
region is obvious, as are the dominance of mid-Tertiary events and the absence
of any real break between Mesozoic and Cenozoic events.

DESCRIPTION OF THE TABLES

Table 1 links the major magmatic belts and areas of summary discussions
in the text and of Figure 3 with the descriptions of the component belts and
areas given in Table 2. The information presented in Tables 1 and 2 is
derived from 8rew (in press); that report contains more discussion of tectonic
settings, emplacement situations, and extrusive activity than can be included
here. Table 2 summarizes the data that support the conclusions of this
report. However, the many intermediate inferences that relate the data to the
conclusions are still unpublished.

Table 2 is divided into columns for: (1) Figure 1 reference, which is
the letter designation on those maps for the specific area; (2) Area or belt
name; (3) Major and minor lithic types, with the latter shown in parentheses,
granitic rock names are from Streckeisen (1973); (4) Chemical classification
and chemical compositional types present, based on calculations using the
PETCAL 4 program (Bingler and others, 1976) as revised by R.D. Koch (written
commun., 1985)); (5) Si0, range; (6) Si0, gap(s); (7) Reference to map and
diagram figures in this report; most figures include a Streckeisen (1973) QAP
(quartz-alkali feldspar-plagioclase feldspar) classification diagram for
granitic rocks, a silica-variation diagram, an AFM (alkaline element oxide-
iron oxide-magnesium oxide) diagram, and a small map showing the area
containing the rocks described; (8) Age data; (9) Discussion or remarks,
focussed mainly on the environment-of pluton emplacement or volcanic
extrusion; and (10) References to the sources of the data.

EVOLUTION OF MAGMATIC BELTS AND AREAS

The tectonic settings and compositional variations recorded in the
several Cenozoic magmatic belts of southeastern Alaska indicate that the belts
have had a varied and complicated evolutionary history. The older part of the
record, from latest Cretaceous through about early Oligocene time, reflects
the two main collisional events that dominate the Cenozoic history of the
region. The younger part of the record, from the late Oligocene on, is the
result of less well understood events, ones that are probably related first to
oblique subduction and then to extensional regimes associated with youngest
Cenozoic strike-slip faulting.

The areas summarized in Tables 1 and 2 are grouped into nine major belts
on Figure 3: the "great tonalite sil1l1" belt is of latest Cretaceous and
Paleocene age (75-55 Ma); the Coast Mountains belt is of early and middie
Eocene age (55-45 Ma); the Fairweather-Baranof and Glacier Bay region belts
are of middle and late Eocene and early 0Oligocene age (45-35 Ma), the Tkope-
Portland Peninsula, Groundhog Basin-Cone Mountain, and southern southeastern
Alaska dike swarm belts are of late Oligocene and Miocene age (35-5 Ma); and
the Kruzof-Kupreanof and Behm Canal-Rudyerd Bay areas are of Pliocene and
Quaternary age (5-0 Ma). Each of these belts is interpreted to record a
specific magma-generating event g?r series of events) and most have clear-cut



chemical and(or) modal compositional features that support the definition of
the belts.

GREAT TONALITE SILL BELT

The oldest belt discussed here, the latest Cretaceous and Paleocene
"great tonalite sill" belt (Skagway/Ketchikan-PrinceRupert (75-55 Ma) on
Figure 3 and Tables 1 and 2), records only the youngest of a series of events
that began in Early Cretaceous time in the "southeastern Alaska coincident
zone" (Brew and Ford, 1985). Earlier volcanic and plutonic history will be
discussed by T.P. Miller in the DNAG volume. The rocks of the tonalite sill
belt are consistently calcalkalic and dominantly metaluminous, locally have a
prominent silica gap at 63 to 68 percent, and fall in the tonalite-
granodiorite-quartz monzodiorite-quartz diorite fields of Streckeisen
(1973). These plutons have emplacement ages that range from 67 to 55 Ma. The
sill rocks with Paleocene emplacement ages of around 60 Ma are included with
the older tonalite sill family because of their closely similar ages and
habits. They are mostly granodiorite and have higher silica contents than the
slightly older rocks.

The plutons of the great tonalite sill belt are foliated and lineated
tonalites that form a narrow belt that is over 900 km long and only 5 to 30 km
wide.. They have been localized along a profound, straight, linear structural
discontinuity within a convergent setting in which the northeast side was
moving upwards relatively over the southwest side (D.H.W. Hutton, oral
communs., 1985, 1986). This discontinuity can be interpreted as either a
within-plate rift margin (Brew and Ford, 1983) or as the boundary between two
exotic terranes (Monger and others, 1982, 1983). The linear zone of
compression persisted at least from 70 Ma to 55 Ma, the tonalite period during
which intrusions were emplaced. Metamorphism and major deformation occurred
shortly before the emplacement of the intrusions.

The cause of the compression in this zone, whether it was originally a
rift or an ocean between two different terranes, was the movement of the
outboard Alexander terrane towards the northeast (Monger and others, 1982).
This movement is interpreted to have preceded the convergence of the Chugach
terrane against the westward margin of the Alexander terrane {Plafker and
others, 1977; Johnson and Karl, 1985). The consistent composition of the
magmas argues for a deep and equilibrated source, even though the preliminary
data of Arth and others (1986) on strontium initial ratios indicate possible
derivation from continental source materials. This latter possibility can be
used to support a within-plate-rift origin of the structural discontinuity
that lTocalized the tonalite sill belt and the other nearby parallel features
of the southeastern Alaska coincident zone (Brew and Ford, 1985).

COAST MOUNTAINS BELT

The Tinear Coast Mountains belt along the International Boundary
(Skagway/Ketchikan-Prince Rupert Coast Mountains belt (55-45 Ma) on Figure 3
and Tables 1 and 2) is over 1,000 km long and up to 90 km wide and consists of
a large volume of early and middle Eocene plutons that are probably a result
of the convergence and crustal thickening associated with the compressive
event just described. These rocks are consistently calcalkalic, dominantly
metaluminous north of the Sumdum frea, and exclusively moderately peraluminous



to the south. The overall range in silica content is 53 to 76 percent; the
average silica content is about 67 percent to the north of the Sumdum area and
72 percent to the south. Modally, the rocks are dominantly sphene-hornblende-
biotite granodiorite, granite, and tonalite. Available age determinations
indicate that the plutons in the southern part of the Coast Mountains were
emplaced between 55 and 45 Ma and those in the northern part from 54 to 49

Ma. The Coast Mountains belt of large composite plutons parallels the great
tonalite sill belt, commonly within a few kilometers and in several places
intrudes that belt.

The differences in age, structural habit, and composition of the rocks in
this belt indicate a different origin from that of the great tonalite sill
belt. The general absence of all structures but flow foliation, and the
restricted thermal aureoles that are superposed on the earlier Barrovian-type
metamorphism associated with the tonalite sill belt, indicate that these early
and middle Eocene intrusions are post-tectonic and their emplacement followed
the abrupt uplift that accompanied and closely followed intrusion of the sill
belt.

The composition of the plutons in the Coast Mountains belt, their
location in relation to the highly deformed and presumably thickened crust
near the tonalite sill belt, and the time-lag relations all indicate that the
Coast Mountains belt is the result of the thickening that occurred during the
latest Cretaceous and early Tertiary collision discussed above. The change
from metaluminous to moderately peraluminous composition from north to south
is inferred to be related to the type of material conveyed to depth in the
convergent zone. This may be a result of the greater thickness of older
continental crust in the southern part of the Alexander terrane compared with
the northern part.

FAIRWEATHER-BARANOF BELT

Plutons of the Fairweather-Baranof belt and the Glacier Bay region (Fig.
3, Tables 1 and 2) were emplaced in the time span of late Eocene to early
Oligocene (45-35 Ma). The Fairweather-Baranof belt is about 350 km long by 50
km wide and is parallel to the Coast Mountains belt approximately 200 km to
its southwest. Emplacement ages of 49 to 39 Ma indicate that the Fairweather-
Baranof belt is definitely younger than the Coast Mountains belt, although
there is some overlap. Biotite-hornblende tonalite and granodiorite are the
most common rock types in the southern part of the Fairweather-Baranof belt,
and gabbronorite, pyroxenite, and other mafic and ultramafic rocks dominate
the northern part. The granitic plutons are calcalkalic, mostly peraluminous,
and have silica contents that range from 60 to 73 percent. The belt occurs
largely within the Chugach terrane and is interpreted to have formed as a
result of the convergence and accretion of the Chugach terrane. Metamorphic
mineral ages suggest that the convergence occurred in Late Cretaceous time,
though before the time of the main deformation and metamorphism associated
with the great tonalite sill belt.

In this interpretation, the Coast Mountains and the Fairweather-Baranof
belts are not quite synchronous and are not directly related; either could
have formed independently. The Coast Mountains belt is one result of the
closure of the Gravina basin because of northeastward movement of the
Alexander terrane, whereas the F%frweather-Baranof belt is one result of the



accretion of the Chugach terrane to the west side of the Alexander terrane.
GLACIER BAY REGION

The Glacier Bay region (Fig. 3, Tables 1 and 2) is, in contrast to the
magmatic belts described, a northeast-trending, nearly rectangular 80 km by 70
km area that slightly overlaps the northern part of the Fairweather-Baranof
belt geographically and also in time, with ages ranging from about 42 to 30
Ma. The calcalkalic plutons are dominantly unfoliated to poorly foliated,
metaluminous and moderately peraluminous biotite granite and alkali granite.
Silica values range from 58 to 76 percent. This group of plutons is areally,
compositionally, chemically, and structurally distinct from those in the
Fairweather-Baranof belt, and their origin, although linked to the latter,
must differ in some significant way. One possibility is that the plutons of
the Glacier Bay region represent the silicic remnant of a magmatic system that
produced the dominantly gabbroic plutons in the adjacent northern part of the
Fairweather-Baranof belt, and that the emplacement of the silicic portion was
displaced to the northeast by the previously emplaced less fractionated mafic
and ultramafic bodies. Another possibility is that they are an early
manifestation of the younger (35-5 Ma) Tkope-Portland Peninsula belt
(discussed below), which is related to some obscure regime that occurred after
Chugach-terrane accretion and before transform faulting.

TKOPE-PORTLAND PENINSULA BELT

The Tkope-Portland Peninsula belt, the Groundhog Basin-Cone Mountain
area, and the southern southeastern Alaska dike swarm (Fig. 3, Tables 1 and 2)
were emplaced within the time span of and late Oligocene and Miocene (35-5
Ma). The three belts are clearly different from the collision-related belts
just described; each has distinct petrological characteristics and represents
different types of magma-generating events.

The Tkope-Portland Peninsula belt (Fig. 3, Tables 1 and 2) is the most
prominent of the three belts or areas. It extends in a northwest-southeast
direction for at least 560 km across all of southeastern Alaska, cutting
across all tectonostratigraphic terranes, except the Chugach at an angle of
about 15°, Both volcanic and plutonic rocks occur in the belt. The volcanic
rocks are flows, tuff, and breccia of andesitic, basaltic, rhyolitic, and
dacitic composition. All are calcalkalic, and silica contents range from 47 to
77 percent with a significant gap at 61 to 66 percent. Available age
determinations indicate that the volcanics were erupted during the period from
about 25 to 16 Ma. The granitics are both calcalkalic and alkalic. Granite
and granite porphyry are the most common rock types at the ends of the belt;
most are moderately peraluminous. Alkali granite, granite, quartz syenite,
and alkali quartz syenite are common types in the central part. Leucogabbro
and gabbro occur locally. The plutonic rocks have a silica range of 49 to 77
percent with significant gaps at 54 to 56 and at 61 to 65 percent. The
plutons were emplaced from 35 to 19 Ma, with those at the northwest ends of
the belt about 28 to 24 Ma, those in the center at 24 to 19 Ma, and those at
the southeast end at 30 Ma and 27 to 24 Ma.

The length and continuity of the Tkope-Portland Peninsula belt suggest
that it could be the result of a significant collisional event of unusual
orientation. However, no other e%;dence supporting such an origin has been



preserved, and thus it is considered unlikely. The composition of the plutons
is unlike those in the other magmatic belts, probably because the magmas were
generated at the base of or within the continental crust of the
Alexander/Stikine terranes. The cause of the magmatic events is probably
related to the change from convergence to oblique subduction to strike-slip
movement between the Pacific and North American plates, but the actual
mechanism that caused the long belt to form is not clear. The axis of the
belt coincides with the orientation of the tension planes that would be
associated with the onset of differential strike-slip movement along the
continental margin. The slight change in orientation of the belt near its
southeast end could be related to differences in the thickness of the crust.

GROUNDHOG BASIN-CONE MOUNTAIN AREA

The Groundhog Basin-Cone Mountain area includes rhyolitic sills and
biotite granite plugs in an area 10 km by 40 km (Fig. 3, Tables 1 and 2).
Alkali granites may be present in the Cone Mountain area, but available data
indicate that the rocks are calcalkalic and moderately peraluminous and have a
silica content from 74 to 76 percent. The granites were intruded at about 16
Ma, definitely later than the rocks in the Tkope-Portland Peninsula belt. The
plutons were intruded at a high crustal level under static conditions, but
their relations to other belts and to possible localizing factors are obscure.

SOUTHERN SOUTHEASTERN ALASKA DIKE SWARM

The southern southeastern Alaska dike swarm (Fig. 3, Tables 1 and 2)
consists mostly of lamprophyres that occupy a significant part of a northeast-
trending belt about 100 km wide and greater than 150 km long. Granitic and
volcanic rocks are also present. The swarm overlaps the southeastern end of
the Tkope-Portland Peninsula belt, and at least some of the dikes are closely
related to the plutons there. The lamprophyres are alkalic, and most are
classified as alkali-olivine rocks. The non-lamprophyres are calcalkalic and
have a silica content ranging from 56 to 71 percent.

The age of intrusion of the lamprophyres is not well known; they cut
plutons with ages of 27-24 Ma in the Tkope-Portland Peninsula belt but are not
known to cut the plutons of the Groundhog Basin area with ages of 17-14 Ma.
Souther (1970) interprets them as the deeper expression of the dated Miocene
alkalic volcanic fields to the northeast in British Columbia. Those fields
are inferred to be localized in bhelts of large-scale crustal extension related
to continental-margin transcurrent faulting; the dikes follow joints that are
perpendicular to the foliation and resulted from the relaxation of the major
stresses that affected the Coast crystalline belt in earlier Tertiary time.

KRUZOF-KUPREANOF AND BEHM CANAL-RUDYERD BAY AREAS

Two areas or belts of Pliocene and Quaternary volcanic rocks are shown on
Figure 3 and described in Tables 1 and 2. The first, the Kruzof-Kupreanof
area of Holocene rocks, appears as two segments separated at the Chatham
Strait fault because it postdates the major offset that was removed in
constructing the palinspastic base for the figure. This area consists of two
widely spaced volcanic fields of similar age and chemical composition. Those
fields, Edgecumbe and southern Kupreanof, contain tholeiitic basalt, and the
Edgecumbe field also has calcalki;ic younger flows and pyroclastic rocks.



Most, but not all, of the flows are interpreted to be postglacial. Together
the two fields define an east-west-trending area similar in orientation to the
east-west Holocene volcanic belts in the west-central British Columbia region;
Souther (1970) relates the localization of the latter belts to large-scale
crustal extension.

The second area of Pliocene and Quaternary volcanic rocks is the Behm
Canal-Rudyerd Bay volcanic field, most of which occurs within the area covered
by the southern southeastern Alaska dike swarm. The small Blue River-Unuk
River volcanic field to the north (Fig. 1) is considered an outlier of the
Behm Canal-Rudyerd Bay field. Both fields contain alkali olivine basalts and
other alkalic rocks that are somewhat similar to the alkali to peralkaline
basalts in the Mount Edziza field, which is located about 100 km to the north
in Canada. Souther and Armstrong (1966), Souther (1970), and Souther and
others (1984) relate the north-south orientation of the Mount Edziza field to
large-scale crustal extension. It is likely that this area is an outlier of
that large field.

SUMMARY

The Cenozoic volcanic and plutonic rocks of southeastern Alaska record a
progression of events that are related to the tectonics of the northeastern
Pacific margin. The progression started with the collisional/convergent
events related to the accretion of the Alexander terrane to the "Stikine"
terrane; the progression continued with the events related to the accretion
and subduction of the Chugach terrane on the west side of the Alexander.

These events along the northeastern Pacific margin occurred in Late Cretaceous
and early Tertiary time; they were followed by events related first to oblique
subduction and then to transition to dominantly transcurrent movements. The
progression ended with magmatic events localized along extensional zones that
may be related either to present-day right-lateral crustal displacements in
the northeastern Pacific region or to residual stresses that originated in the
late stages of convergence. Figure 24 summarizes these time and space
relations.
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TABLE 1.--Major latest Mesozoic and Cenozoic magmatic belts and areas of southeastern
Alaska

Components of the Major Area or Belt
Major Area or Belt Name Figure 1 and Table 2

and Age Division Reference Individual Area or Belt Name
Great tonalite sill belt EE Bradfield Canal area
(75-55 Ma) FF ‘ Ketchikan-Prince Rupert area
GG Juneau-Skagway area
HH Haines-Skagway area
II Juneau-Taku River area
JdJ Sumdum area
KK Petersburg area
LL Bradfield Canal area
MM Ketchikan-Prince Rupert area
Coast Mountains belt AA Haines-Skagway area
(55-45 Ma) BB Juneau-Taku River area
cc Sumdum (Tracy Arm) area
DD Petersburg area
Fairweather-Baranof belt Y Fairweather Range
(45-35 Ma) Z Yakobi, Chichagof, and Baranof area
Glacier Bay region X Glacier Bay region
(45-35 Ma)
Tkope-Portland Peninsula belt F Tkope volcanic-plutonic belt
(35-5 Ma) J William Henry Bay area
K Icy Strait volcanic-plutonic field
M Admiralty field
N Kuiu-Etolin volcanic-plutonic field
p Southern Etolin field
S Burroughs Bay area
U Ketchikan area
v Quartz Hill-Portland Peninsula area
Groundhog Basin-Cone Mountain 0 Groundhog Basin area
(35-5 Ma) T ‘Cone Mountain area
Southern southeastern Alaska W Southern southeastern Alaska dike swarm
dike swarm (35-5 Ma)
Kruzof-Kupreanof area A Edgecumbe field
(5-0 Ma) B Southern Kupreanof field
Behm Canal-Rudyerd Bay area C Blue River-Unuk River field
(5-0 Ma) E Behm Canal-Rudyerd Bay field

15



ejep ‘qndun

suojnyd ||ews
pue “sayip *sbn|d
30 S3SLSU0D °y°S°N

Aaepunog o131t
-Laoyy-oreye

93tuedb 3312
-01Qq-3pua|quuoy
1°¢°n ul *ouqqgeb
ajL40tp zadenb

‘MaJ4g "y°"Q 03Ul uotsu3dlxa fepeue) }oeul -J]e2 U0 ade ¢931401poueub
€867 ‘SpPpog  ut uojnid 43ALy adojy] uoLSsty pue yotym “sodqqeb ‘“vj3tuozuow zjuend
pue ||aqdwe) 9j1sodwod ¢ |euoz ‘Ug-qy ‘uy-d 40 3d3oxa ‘ajtueub “aufyd 319q dtuojnid
$6/61 “udsqodoep -tdad S! uOLsSSALCXd uley uo By $2-82 ‘YN 69-16 [LL-6Y sp|eylesle) -oueuab :epeue)y uy -d21UED|OA 3dOY] 4
. (PW G-G€) SNJ0¥ INIJOIW ONY INII09170 31V
¥861 *S43y30
pue J43yinog
t€g61 ‘al4og
12861 “d413y49pnp
$[l6T “S43y3o pue (1861 “salbbiq (@3tsep
Yy Lwg <ssaud ut pue yjiuws) -uefyoea3} aits
¢s43y30 pue buag Y 00G6-eW T -apue ‘j34n3 pue platy
STL6T ‘ueyelie) S9UO0D J43puld pue el G :spoL o1sse30d  ®12934q D13|eSeq Aeg puakpny
pue jauepm “SMO|4 JRUWN|0) -u3ad OM3} A|Q1SSOd g 65-9% 19-€p AlIsow :or|eyly f31eseq SULALLQ -|eue) wyag 3
9861
¢ UNWWOd U] LUM
‘utalueql *@to
‘€861 ‘S43y3o
pue ula|4aq3 SMO |3
t046T ‘upiunyy But|LLts-KayLeA Platy zauwang
pue uLa|40q3 £5$30014NS 3oyoyed elep ON Ly OLpPOS :dL|eylY J1eSeq AULAL|Q  -ILBUIS YBAI|] a
¥861 °S43y30 SYsLa-y
pue 43y3jnos uogued0Lpes UO ioL|eyle-opes
‘1861 ¢S43Y30 S9UOD J3PULD | |ews "d°9 09+09¢ 3wos ¢o1pos jleseq pLoly 49ALY
pue 330113 “sMoly Bur|iLy-£aglep se Bunof sy S 8v-9y ‘otLey|e A1ISOl BULALIO LIBYLY Anup-J4aAty anig J
8861 ‘S43ylo JLpOS :oL(eyle
pue sselbnog swos ¢3uajuod
6861 “‘¥861 sbn|d swos ‘smo|y e3ep Jdy-) uo ey M “Jd3Ae D171 jleseq pLat} joue
¢S43Y30 pue Maug eP pue 3oyaoyed QOE ueyl uabunop S €6-Gy ~-1310y3 A|ISOW Butaeag-autALlp -a4dny uadyinos g
(5861 ©-unuwwod
*d"g 000°0T UBYI  U3IILUM ‘u33L|S
ejep Jabunof (e seaydal *A"M) SLLSS04
*qndun ‘4861 9131 10AY4 03 213 -04diW pue (G861
‘Maug pue 3|yaLy -1eseq *sbnyd aji1oep  ‘ unWWOD U3 LJM (e4yday)
1861 0250y pue sSauod ajtsapue  ‘auaydue y°W) 59-09 126 (@11 104ya)
$y86T *S4aylo op|eyle-o|es Aq po e3ep J4y-y uo (uotg ¢ (eaydag ‘3j1oep “97ts
pue S43AW f69ET -IuUNOWANS PLALYsS 3|es 43bunok pue  -ed0]) ¢ -uou) Jp|eyLe-os|ed -gpue ‘“aji1sapue plats
fS43Yy10 pue Maudg  -eq D1]tLaloyl |eseg 2uad0Isiold e ‘v 69-29 eL-Ly ‘o1311910y]  oljleseq ‘j|eseg aqun2abp3 Y
(BW 0-G) SNJ0¥ AYYNYILYND ONY 3INID0ITd
ERIERETEN uoLsSsnasiQ ejeq aby *bi4 uo Amwamo abuey uoLjedLyLSse|) JuU3sS3Lg awep ERIENERE |
sweabeig 0!s o1s [eotuay) sadhL otu3 i 3lag Jo eaay T 93®e|d
pue dey (40outl pue) usoley pue 1 aunbiy

“BYSPly UJD3ISEoIn0s JO S3004 D[jewbew 510Z0Ud) pue 510Z0Sa| 3593e| Jo uol3diddsag---z I1gvl



9861

CCUNWWOD U LUM
‘4axjeld 9
16961 ‘Sud

-y30 pue weayyeq

(9861

CTUNWWOD U3 LUM
‘adxyed9) ay-y
3¥204-3 |OUM BW /2
(S861 ° -unwwod
U333LuM ‘3j oM

UOWWOD UO(3BUIT |R ‘YeL) SLSSoy

L1

(1261) Jebeaeg
pue 3UlAJ]

Jad (jua3

-u0d Y "J3Ae)
JL{®Y[RI|RD 3Nnq
‘(p961) eansiey
pue pleuogoey
Jad a3t

(e12234q pue
443 31110Ayd)
‘sSmMo|J 3leseq

tp961 ‘A3uol  ©YoLy3 w 006°Z-005°T  3ueld 3usd0bL|Q L9 YN 85-/% -l3loyl A[IsOW pue aitsapuy platy A1|eaLuwpy W
Alan11dadsau
‘3puaquuoy
pue 31113019
Buiysixa-02
uo el GT1g pue ouqqeb ‘ajiieuoy
561 B 6°v2 *9113 ‘93l40pourdb 333
©s43y30 pue Aauo7 uotsnajul snoauabouslsy -o1q uo eW £ pe *Y'N eiep oN  eiep ON ejep oN -019-3pud [qQUJIOH eaae Aeg 1ny 1
9861 ‘edaeynyny sal|ewoue sprojtuedb uo
£986T ¢ unuw wntdoun3 aAaL3ebau elep ou ¢3u3l jleseq pue
-WOd UBIILAM Butaey syo04 Q1S (9861 -u0d ) “J43AR  “331S3pur ‘33Loep
fadjjeld "9 43ubty y3tm pusul  ©Cunuwod uIILum ‘aL|eypeoyed J0 Jjn3 pue
tejep ‘gndun P31RLJUBIBSJLP SMOYS  ‘udNjeidT9) Jy-Y os|e {3u3a3u0d ‘SMO} ‘etdd3uq
‘Maug ‘y°g@ weabetp 33y ¢fsnon ¥204-3{0yM uo N TadAe ‘213t ¢93luozuow ziuenb 1139 JLu01
£(9861) G861 -ud31 SL SJLURD(OA pue Bl 91 pue ey -lajoyy A 3sow 3puafquaoy ‘3l -nid-stuesjoA
‘puod pue Maag suoinid usamiaq beyuL] gz fsaposida om] L ‘9 89-19 2/~ ©S)4204 cruedlop ¢ -ueab 3pua|quuoy 1led3s A7 N
(9861) S861 (¢ Yspunoub CRIW
‘pa04 pue maug 2tyztt uo (G/61) -oLp ‘a3luozuoul eaue Aeg
$G/61 “sulye3 sulye3 Aq paauajul aby elep opN ‘Y'N  B3IRp ON B3RP ON elep oN zjaenb 3313019 KJuay wer|Lm r
9861 © tunu (1961 “43L1LNW) (161) sebeaeg 911s
-Wwod UaIYLUM QulJeWw-uou SUIDOLW 3ppiLw puR 3ULAU] -3pue Jl3|eSeq
‘asnierd 9 f(196T) J3LLW 40 3Lun -9ad 07 ()3uad Jad ‘aood-y pue 3jLS3apue eaJe
STL6T ‘ad)jeld satued oA ydejoud) -obLQ Alaea-3s0d ‘YN YN %S ‘ar|eyleate) Jo smoyd “sjing Aeg ehniL 1
(8461
TuUNWWod U3LuM
eiep *qndun ‘3asydue "y W)
‘Madg 'y o S91p0g 3udd03 d3e} 33 1A03SNW uo 311401pourasb pue
$Q/61 °S4d pue auasobiig Aiaea el 9°91 pue 3313 91t1uesb a311301q abuey
-4y30 pue Maug Aqueau yilm Buoiag Aey -01qQ U0 BY 6°G ‘Y°N  elep ON  R3ED ON e1Rp ON -331A0ISNW-33UJ4RY FETRR-FUNER-X] H
suoanid
3189 uLjo33-niny o3t joueiw A |ed
P86T S43U30 03 A3LJe[iWwLs OLy3i| -0] ‘33luozuow
pue uewpay wodJ pasdajur aby eqep oN ‘Y'N  eiep ON  eiep ON elep oN zyd4enb ajLioLg eaJe SauULey n
(panutiuo)) (W G-GE) SHI0Y IN3IDOIW GNYV 3N3D09110 3LV
$32U34333Y uoLssnositQg ejeq aby ‘614 uo ﬁmwamu abuey uotjeoryLssey) IU3S3ud aurey ERIIENENER]
sweabelq 0ts ¢ots |eatway) sadAl oW 1139 40 eauy 1 31%i4
pue dey (JoulW pue) Jofep pue 1 a4nbig

*panu13u0)--BYSB|Y UJ31SeaY3nos J0

s3¥204 dr3ewbeuw 310zoua) pue 210z0S3W 3S33e| 40 uotidiudsag--"2 J18VL



¢ unuwod
PERRE W
‘utalseql @'y
‘€861 ‘s43y30

9861

(a) pLals yeadll 03
pajelaJd A13s0|d> aq Aew

sweas |[eod
(¢)Aaerquay)

(v961) ednsiey

pue pleuogoel
48d 2131191043
‘(1¢61) 4ebeaeg
pue dulAa] sad

SMO|} 8310®€p pue
931 10hya “43m
Lyitdep ‘e1odauq
jleseq ‘smoly

pue ula|Jaq3 ‘pLats uMouy A1400d  YliM pajeloossy “YON "YON 2L sul ey |eJad 1Leseq sulAallQ piat4 zaweng Y
3Mm plats
€861 ‘Sd43y3lo S3JUILUNIO0 Pa}EL|OSL pue ©12234Q 931l SI|BM JO IdUlud
pue ula|49q3 |ews umouy A|400d Auap elep oN ‘YN e3ep ON  ejep ON eiep ON  -0Ays pue j|eseq Le43uad-3580] b
€861
fsJ43ylo pue
uLd4aql ¢9/671 SOLURD|OA ULl03F-nLNY SP12294q 93} LSopue pLaty
‘s4ayzo pue buag 40 J49113In0 3q Ael ejep oy *Y'N  ejep ON  ejep oN ejep oN “SMO|j 3|eseg UuL|033 uusylnos d
(1L61) +ebeseg
pue BuLAd]
J42d aood-y
‘oL|ey|ed|ed INnq
9861 ©°uhwwod ‘(¥961) edansiey
U333 LUM | |3440| sbnd pue pieuog
“d*Yy ‘886l JOLUBD|OA DO1S|3} 4y-3 931301q ovW 43d 017119
fs49y3o pue 40 d13Lueub uo paudl uo el 91 bnd -1043 ¢{1561)
sse|bnog ‘v861 -u3d A|jusdsedde waems Suy-) %004 -3 |0YM pueys uad 91lueub eaJe ulseq
©SJ43Y30 pue Ma4g [|LS 331]0AYJ JuUBULWOUd uo ey ST LLLS 01 9L-v! snoutwnjedad 2a31t3olq ‘aytjohyy boypunouy 0
oLieyte
40 dul|ey|euad
940 M3) e A|uo
pue ‘*d43Ae-y JO
Jood-y foryeyje
-21e2 ‘snoutunie
-38W pue snoulw
UIIMIBQ UL BJ4e SPLOY -nieaad A3souw
-1uedb ‘suo Buousys e 9J4e SO13lueuy
s931110Ays “Aewoue wnid *(12461) 4ebeueg
-o4n3 aar3ebau ou aAey pue BULAL]
S9}1S9puUe pue sj|eseq J49d JUaUOD-Y
‘1199 JO pus 3}Se3 3® MO| pue “J3Ae (ouqqeb)
Apoq pLojLueub pauoz opleyLeoes ¢33 tuaks zjuenb
-L1oM ¢abue] £93110Ayu Ing “(pL61) “o3tuedab 33 tuead
Y3} !M PI1BLOOSSE SYD04 (1861 “s4ay3o o4Lysef Ly pue L{eyLe fsetd
8861 OL3ISP|DLUBDIOA SNO3D pue ssejbnog) 59-19 (v961) eansiey -294Q J43Y3l0 pue
£S48y30 pue  -L|LlS fU0L3I3S UL MO| W ¥Z-61 ‘95 -¢S§ LL-BY pue pleuog pue juaa ‘sjyny
sse|bnog ‘ypge1 o4qqebousdiw pue o04qqeb sprojiuedb fuay-y (spLojtueab) -oel 4ad o131 pue sMO|j 91l (0 3199
CQUNH fY86T ‘661 Sxa(dwod dtuoinid pue 3204-3|0YM uO Bl G9-19 9/-9v -19|0y3 A13sow  -Ayua fsmo|y 33ts  oruonyd-dued
‘543430 pUR MIJLG JLURDI|OA SNO3uaboudldH  0Z-22 SOLUED|0A Q1 ‘6 °8 (so1ued|oA) SOLURD|OA  -dpuUb pue }|PSEG -|0A UL|03F-NLNY N
(penutiuog) (eW G-GE) SHIOY 3NIDOIW GNY 3INID091T0 31Y1
e ENEREN] uotssnosliqg eyeg aby *614 uo Amwa@w abuey uoljeEdL4LSSRL) JU3SaLd JweN ERITENETEN
suedbetg 0Ls 2o1s Lestuwsyy sadf] o1y3 11 3l9¢ 40 eady 1 @23e(d
pue dey (4oull pue) aofey pue 1 aunby

PaNnuULJuD)-BYSR |y UJ23SEayIN0s JO $3y204 otjeubew m_oNocwu pue 510z0Sal 3S93e| 0 uoL3diudsag---2 3I19V1



(o671

€861 ‘43y3nosg) eiqunjo)
‘alfog ‘2861 UsStIldg ut 3IN 01 platy
4 1jaapng JLUBD|OA BuL By [P
$9/6T ‘sS4ayilo 30 uo1ssaudxa dasp
pue 1101 |{3 Aiqeqoud ‘fwaems buy (2861
C€L6T ‘UILWS -} 1A3S ISBAYIAOU-YIAON YA yadpnQ) eW / 11
(9861 ‘s42

-410 pue Ydy) 150/°0 03
[YL°0 SOLIBJ [PLILUL JUS
‘sprojtueab J04 sot|PWO
-ue wnidouny sbue| pue
suualled 33y paleuotl
-oeay A|Buoass S([LIH W $Z pue
6/61 ‘S42 zadaend) 1isodap a31uap /2 U23M33Qq Juo
-y10 pue uospny -qA|ow JofPW SULRIUOD puB BWY Qf 3P dUO
f9/67 °S49  duo0--113q bulpusul-3 tdy-% uo paseq

-y30 pue 1301}13 “@pnud ui suoinid uno4 saposida om| 11
(1861
‘sa|bbig pue
suojnyid jo yr1ws) apusiq
(86T ‘s4ayzo  dnodb einsuiusq pue} -uJoy U0 Jy-y
pue buasg fyg61 =340d- | L1H Z3d4end jo B} G2 ‘9311019
€9701] |3 pue Yooy JIQWIW JuPISLp 3q Ael uo Jy-) BW z ‘V°N
9861 *-unwwos
uall UM ‘YooY (1861)
0Ty pue 13013 (0) eaue 1301113 pue
7Y C1861 utseg boypunouy ysoy Aq paizod
‘3701 |3 pue Yooy 03 Je|lWLS 2q Aey =34 (¢ )auadoLy A

9861 ¢ " unwwod
usl}tum ‘yooy
"7y pue 3301113

J1 ey le-oyes

isa9ylo o1p 911dep ‘3|eseq WABMS 3 1p
-0s ‘orieyie ‘spiojlueab PYSelY UJ4d3Sed
:sadfydoadwe ‘sauafydoadwe] -y3nos uuaayinos M

J13t19|0y3  93luozuow ziuenb
‘snoutwny) 93t301q ‘Aakydaod

-p1aw :ouqqeb  9jtueab “s3iueab

fop1eoyeo|ed 911101qQ ‘ouqqeb eaJde eins
‘Snou 1wn | eddd 97 1bne-suayy -uruaq puejiluod
1splojlueay -saadAy-autAallQ -lllH Z3ysen) A

(@11401poueab
“931401p zydendb
‘ouqqeb) ouqqeb
-03n9| auaxosAd

elep ON Buiaeag-sulAL|Q  eBase uBRY Y313y n
(3311
-0Ayd4) ajrueab eade
eyep ON Jedsplaj-teyly ULBIUNOK BUO) 1
97 1uozuow
zy4enb 3313019 pue pade
eyep oN 21 1ueab 39313019 Aeg sybnouaung S

(ponu1juol) (BW GE-G) SHI0Y 3INIDOIW ONY 3NIV0DII0 3LV

"7y ¢ssoud uy wnuap (6461 “s43ylo
¢sagyio pue buag -qflow 404 padso|dxa pue uospny)
fQ6/61 “S49U30 SWJABMS I} LP pue }303S 97140]Yd+331 130
pue uospny Kakydaod zyaen) -1q uo Jy-Y BW €2 YN
LERIENENEN] uo1ssnasig eieq aby *b14 uo
sweabeig
pue dep

uotled1yLssel) JUISAAY awep ERIVERETEY|
Ledtway) sadAl 21yt 1199 40 eaJy 1 91eid
(4outy pue) soley pue 1 a4nbi4

*panu{juoj--eYsely UJa3SeayINos jo $}20J o13ewHeW 310Z0Us) PUB J10Z0SAW 3saje| jo uotldiadsag---2 319VL



£86T ‘sJ48y3o
pue Busg|awwly

(1961

‘saayjo pue AauoT)

joueaeg uo 33t|

-BUO} pue 33LJ0Lp

-oueub wouy spus|q

-udoy pue 8313019

uo Jay-y BW 2h-Lv

$(£961 ‘sasyjo

pue Asuo1) joznay

uo 33tJoLpourub

wo4} 331301q Uo

(V861 4V-% oW 6V (G861

€SJ43Y30 pue Su4af)) ‘unwWod U3} LJm
$GES0LT0 noge jo ‘UOS LM “H'd
san|eA Jg $2861 ¢ unwwod

/45,0 sey
uoinid monmg .m@:w;u

0¢

Jula3U0d
% "J3Ae yjoq
fa13tL810y3
pue dLjeye
-J|e3 ‘snoutw
-npejsw sptou

(ouagqqeb

-0ona| ‘sjLJcu
butaeaq-zjaenb)
€37 LUBX0U

-Ad spus|quaoy
¢33 Laouoaqqeb
auaxo4Ad-apua|q
-uJdoy (83140

-1p zjJ4enb 3pua|q
-udoy) “s3tfeuoy
83130lQ9-spus|q
-UJoY-33 LAODISRW

$6961 ‘ueye| u3aj3tam “asuasyd -qqeb ¢qual ‘31taoLpoueub
-1e) pue yauepm pajeljususylpun -uev ‘y°W) tqo GG-6t -u0d ) *JdA®  33t30Lq ‘33tueab
f0/61 ‘ueye||e) A [dAL3e|d4 SMOYsS wedb -jyep uo 83l |euoy :sproaqqeyn --oL(e}|e  pue 3jraotpouesb
€GB6T ‘L4ey pue -e1p 33Y ¢3tsodap nj wouj} 3831301q 59-86 €/-1§ -o(eoa‘snouruny spus|quaoy-s313 eaJe jou
uosuyor $G/67 40 3SOY SL LQOjRA uo pue apus|quaoy IspLoy ispLo] -e3sw A|jqueut -oiq Butuaeaq-33 LA -eaeg pue ‘j0b
¢sJ43y30 pue A3uo7 33Laouoaqqedb (sAaogqe 33§ U0 JY-) BW Oh-EY €1 21 -tuedy -lueJy -Wop SpLOjLuURLY -0JShW JO0 =-33uUJdey -eYDLY) Lqoye, yi
3tsodap nj-tN dLjew
-bew uofew jo 3soy st o213
oaqqeb pausfe| asnousd -tatoyy Apjueut (93Lunp 331 [JAYdM
-7 ¢SaAtsSnuajut o153} -wop ‘snouwn|e ¢331s0yj40ue
07 9jelpswJ3jul jueu) (x) dnoub -3all 4R SpLoJq ‘331a0u04qqeb
-Wwop sey 7 eade ¢souq 9A0QR }JO S3ALS -qeb ¢oypejte  BuLAL|0) “B3tu0u
-qeb poausde| jueuiwop -nJajuL 21513y -leoled ‘snoult ButALlo ‘ouaqqeb
€861  SBY eas® syl f33ins  Ag 3nd 3ue A3yl -wnjedad s4e MN SBULALLO ¢33Ld
*643q |BWWLH pue JLS|aj 03 3djeLlpauwdajul Jey3 ul SpLoJ 16-6€  J®j 10U SY204  -0Llp pu® 33L40Lp
Aauo7 $//61 ¢SJ4o ue pue srouqqeb e upel -qeb jo Buypjep Lsproaqqey Jejtwis 3ng  ziaenb apus|quaoy
-Yy310 pue uospny -uod yjoq (z) eaue bul 3234 Lput $spLol €l-21/ ‘spLojLueab -331301q “33td abuey
snid *sAogqe Sy -MO||0} pue e3J4e SLy] -iueab uo ejep oy “VUN ‘YN SpPLOjLueun 404 ejep oy -otpoueub 3313019 Jaylesmatey A
0461 “338AdY
-JB) pue usayjeld
t1861 ‘Asuoq
pue buaaq(awwly
‘ejep  31s0dap OK-N) B YiM {0861 ‘8961
*qndun ‘maug pajerdosse st 3a|u] €/96T7 ¢ unwwod
$8/61 “S48ylo  ainy 3e Apog (7 pue Le40 ‘Bsuasydue?] Jrleyte
pue Maug /61 A) seade oml Buimo|  "Y°| ‘suoljeuiw -31e2 Ajueut
‘1/61 “s4ay3jo  -10j} uir ueyl u3bunok  -ud39p 21) 4¥-) -wop shoutwnie a3tuvab teye uotbaa
pue 33sAadydel A134BLLS S3204 dLuond uo el 1€ 03 ¢ 21 SL-TY 9/-8G  -38W pue -43d  ajiuedb 333014 Aeg Jastoe(y X
(W SE-S¥) SHJ0Y¥ 3INIJ0DIT0 ATYYI OGNV INID03 3700IW ONY 3ILv1
ICRIENETE}Y uoLssnosiq ejeq sby ‘614 uo Amwama abuey uorjesrjissel) PUELEN awep CRITENENER
sweabelg 0ts ¢ots Leatway)y sadf] o1y3L 1139 40 eauy 1 93e(d
pue dey (Joully pue) uofey pue 1 aunbiy

*P3NULIU0)--BYSR(Y UJ33SR3YIN0S JO 3004 OLjewbell 9{0Z0ud) pue 310z0Sal 15830| 40 uoLldLadsag---2 318Vl



ejep °qndun
‘pao4 °g°y pue

eaJe
J3A LY Bye[-neaunp
30 uojnyid 93 tsodwod

(9861
~9/61 ¢ sunwwod

ualILuM ‘Y Lug
‘g9°() sadwes
3pus|quuoy pue

JUIIUOD-Y “JUIAP
-=oLpey(eo|ed
¢snouLwntedad

3s34 ‘shoulw

213 Ludyd

-a0d A}1ed0f $83Ld
-oipourab spualq
-UJoy “ajtLdolp
-oueub apusquuoy
-331301q-3uayds
€331uedb pue 934

MaJ4g V'O ‘v861 abuep Au3Aa jo uorje 331301q shousunu -njejaw (1:2) -oipouesb 3313019 esae (way
¢303QA4D pue M3Jg -hULIUOD PUBM]ISBIYINOS UO JY-) BW 6b-b9 L1 A G/L-66 A ljueutwog 3puaqudoy-ausyds Adoeu]) wnpwns olo)
9861
‘G861 ¢ °sunwwod
U333 1JM “uos
=LLM "H'3 %9861
-9/61 °°sunuwwod
U3 LUM ‘Y3 Lug 33L40tpourub
*9°0) ejep ay-y pue ‘33LJolpozuou
(161 -qndun juepunge zy4enb “331ueub
€43y3nosg) esde awes ul Aq pajuoddns 9713019-3puaquuoy
dnouy 0305 40 SY204 (¥861 ‘s43y30 21314Ayduod Jseds
rejep ‘qnd  DLURI{OA YILM PIIRLI0OS  pue S{34y3yg) ey JUBIUOD Y “JBAR -% f93tueub pue
-un ‘pu04 °g°y -se ¢Auepunog {euotieN (0§ JO uUOJIULZ U0 ~=Jrgeyjeajed €3311RU03} “3jtLd
pue Maug °"y°Q -J33ul Jeau 03 P33dL43  N/qd pue (0/61 ‘snoutwnjesad  -oipouesb apuslq
S1L61 ‘43yanos -saJ aseyd o13tukyd ¢sabu3 pue 3SaJ4 ‘snhoultw -uJoy-ajtiolLq
£9861 -40d ‘ueds-y fuoan|d s$3qu04) el 0G-€§ -npejaw (1:2) Burueaq-susyds e3J4R JUDALY
‘paod4 pue Maug 33tsodwod 3bue| Audp 40 Jy-) paystiqnd 91 “gGl A 9/-09 A 3ueutLwoq snoauabowoy nyel-neaunp qg
0LL0L°0 ©3 S8Y0L°0 Wody
abueu sorjed ug teL3
-lU]  “s3L|ewoue 3JALjE
-63u 3ouL3sLp puer sado|s
301} ®AeRYy s33iuedbd
‘saljewour n3 aAtjebau . JU33U0D
| Lews pue s3do|S 3ALje ¥ MOL ‘ot
-bau deaazs 03 3jeuapow -py|e2|®D ‘sno
sMmoys weuaberp 33y Aem -uLwnielsw pue 33t1uedb 8317
-beys aesau 3jtuotpouedd snou twn|eaad -0lq “33t40Lpou
ejep *qnd pue 93Lieuol “suojnid Kyrenbs 3 -eub pue 83tieuoy
-un ‘pJaod °g-y J0 Aprwey jLts 93t (9861 “suayjo 03 23tuedsb pue 33 1301q-2pua|q
pue Maug "y Q@  -Pu0l, 3Yyy jo M Apog pue usjueg) M 03 3jlJoLpouedb -udoy “ajLuedb
9861 ©S439Y30 3u3%03 A|4®3 ue jo BK 8p ‘3 03 uOd £3ud3u0d Y pue 33 Luozuow
pue J3jJeg $6G61  9OUBUUNDD0 UMOUY A{UO  -uLZ U0 f}/qd uo yby pue -uaAe zqJaenb 3313019
“LG61 “813SLJYD  BY3I S SLYI UBYF ‘3034 'Y 16-26 Ituedd 311y (ed|Rd  -3pU3|QUUOY D13Ld
pI6T “1499q -402 st judwubisse j1  €331301q uo ay-y ‘snoutwniejsw  -Aydaod uedsp|ay
-we tp8eT *SJ4° ¢S pue 3 031 S)3o04 03 uo el 26 ‘uoz 3594 “(£:8) =Y *?d3LJ0lpozuOw
-430 pue uewpay AjLdeLwls 91yl uo -4tz uo /qd uo shou Lwn|edad zyJenb spua|g
€9/p1 ‘Joife] paseq SBULRH JO Y3Jou  BR y§ d3ItJ0Lpou AijueuLwop -udoy 13 tJAyd eaue
pue zjtuebuey S3Y004 O jusawubissy -eub pue IjL{euol  ysl “‘¥1 YN LL~€G M Ol 3jtieuol -4od uedspiag-y  Aembeys-sauley vy
(eW Gv-GG) SXJ0d¥ INIJ03 31QAIW ANV AT¥V3
IERIIERCREN uoLSsSnosLQ ejeq by ‘614 uo Awwaau abuey uorjedijLsse) FUETERP] aurey CRUENENEN
sweabelg 0ts 1S Leatwayj s3dh) o1yt 3128 40 eaay 1 @31®°|d
pue dey (4oull pue) Joflel pue 1 aunbr4

*pINULJUO)--BYSE Y UJB3SEaYIN0S JO 53004 Oljewbew 5L0ZOUS) PUB J10Z0S3| 35938 40 UOL3dL4dS9(Q--"2 I18V1



(9461 “4d34®)
pue 4aydoistayd $9/61
€4334B) pue 3202pOOM)

SUOLSNAJUL WAy 3dL LY

buraeaq-ol pue (2861 ‘uos

9861
fs4s8ylo pue yauy
$2861 ‘uosLy3yny

96T ‘4d3dR)
pue }202pOOM
$LL6T ‘s4aylo

-1yo3ny) uoinid Japuoyd
Uitk eLqunjo) ystitug
ul J$ 03 S3J3UU0D eaUE
‘190£°0-9¥0L°0 soL3
-Ba |PLYLUL UG ¢s3L|ew
-oue n3j aatjebau |ews
yatM suuslzjed 33y
pajeuorjdeay A1buouss
¢pajuasaudad sapostda
aALSnJjuL padseds-aso|d
Lea3ass L|qeqoud

(1861 ‘salb
-61q pue y3 Lws)

éc

81 LleUol

JU33U02-Y pue ¢33 ueub
*JA3AR--DL|RY €33 LJopourdb
-1eoted ¢1:Z 9pUS|QUUOY-33130Lq

pue yijLwsg ¢//61 feade |eue) plalipeag spus|quaoy snoutwn|ejsw buaesq-suayds
‘ygLws ¢ssaad UL Ul 3SOY3 JO SuOLIeNUL} pUR 33130!Q WOJY A8A0 jueuLWOp 213 1ahkyduaod eade jdadny
fsuay3o pue baag  -uod sue $31poq 4ofeW JY-) UO BR Gy -GS 61 59-09 2L-85 snouLwn|edad aeds-y A11e207 3dULAd-UrYLYyd33Y 44
93 tueab ryeyye
¢33 Luozuow zjJenb
J130Bd209N3|
0861 - unuwwod “a31ueub pue a31u
leso ‘3301113 (LL61 400d  -orpouedb spus|q
*1°y pue ‘yatwg) saseyd -3} pue juay -usoy-3jtioLq
ysoy gy <LL61 pajussaudad  BALSNUIUL JUILBY -U0d-) °JdAP buraeaq-auayds
‘yjws <1861 A1qeqoud saposida -JLp 934yl wouy --3Llejes|es 213 tuhyduod eade
‘33013 pue yd0y SALSNUJUL |RJBABS Y-} UO Bl 9p-ES 61 69-6§ GL-4S fsnoutwnedad Jeds-y £{|ed207 |eue) p(dLjpeag 33
a3 tueab pue
‘33L|eUO] “331Ld
8861 (1861 ‘s4ayzo -olpouedb apua|q
‘s43y30 pue pue sse(bnoq) JUBIUO0D ) "JBAR -uaoy-331301Lq
sse|bnog ‘4861 saseyd uap apus{quuoy --oLlejLeoted Buraraq-auayds
‘4931SqaM t861 -10q pajeotdwod yitm pue 331301Q uo ‘shoutunie 713 tukyduod
€S48Yy30 pue Madg uoin|d 33843stp dbueq Ay -3 e 6%-25 81 “/1 VN GL-v9 -43d A|jueutwmoq Jeds-y A{1es07 eade Hungsualad aa
(panut3uo)) (BW S¥-S5) SHJ0Y INID03 3ITACIN ONY ATHY3
S3JUs.4843Y uotssnastg eyeq aby ‘614 uo (s)dey abuey wuotriesrjissel) Jussadd auey ERIVENERE-F|
swedbe g 0tS 2ous Le3twsyy sadf) o1y3n 1139 40 eduy 1 93eld
pue dey (40Ul pue) uoley pue 1 aunb14

*panu3u0)--ejSely UI33SeaY3N0S JO $300J Odjewbew J0L0Zous) pue 5[0Z0Sa| 3593e| 40 U0I3dLI4Dsag--"2 3181



e3ep °qndun
‘pdod gty pue
Maug "y°Q ‘1861
‘Maug pue puao4

S ay3 03

suoinid Buyjezbip
Modueu 30 dnoub e
pue MN 8y3 03 uojnid
Buyieytbip-mN aibuts

(9861 G861

£ SUNWWOd UBIFLUM
‘UOS (LM "H"4)

BW (9-95 aq Aew
abueua 3sabbns
dpua jquJoy pue
931301q uo sabe
ay-y% *qndun
(¥861 ‘sudyjo
pue s[3J4y3y)

€

YaLd=y ueysy
uouwod 340w
A13ybLs quay
-U0d=~y “J3AR
-~ oLleylesged

93t401poueub pue
¢931401p z3aenb
€331 1PUOY 9313
-01Qq~3pud |quJoy
pue spud|quuoy
-931301q Butaesq
-auayds A|eso|
‘pejeaul] [L3M

£9861 B 40 S3SLSU0d A(Lwey UodULZ U0 Bl ‘snoutwn |e3auw Alleoo| “paje P3UR JIALY
‘pa04 pue Ma4g  , |L1S 93L[BUOY 3JEBJIY, (9 40 3be n/ad 12 ‘YN 1/-15 Al3jueutwop Audp  -BL[O [[3M Au4dp nyel-neaunp II
(93 t401poueub
-dpusquJaoy-a3L3oLq
$9} jewoue n3J yotd=y swWos pue ¢931401p z34EnNb
aaryebau |jews 40 ou JUIUOD-Y “J3AP apud [quaoy)
ytm sadoyls doals smoys --J1|®y|ed|ed  9311PUO] 93130(q
weaberp 33y °Aiwey ‘snouiwnielaw apud|quaoy-susyds
Z111S 33ljeuol jesuy, (9861 ‘sd4ay430 pue -eaad enby  pajeauly Ajiedsoy
9y3 30 3ued aue *§°q pue uayueg) "GN uy pajerioy A1aybiys
ejep -gndun 9yj ut suojnyid ay3 SUOJULZ uo 400d-)} 03 -{{3M :'S°f ul
‘paogd "g'y  fST90L°0 40 otjed (el 89-/9 40 sabe JWos pue 3ua} 93 tueub
pue MdJg "Y°Q ~Lul 4§ Sey jLih||epow qd-f :°s°n ul WoN £L-15 -U03-) *JdAR SpuUd quUIOY-33 13
SHEGT ©S49430  pue A|[eun3onuis a3Lns $U0du4LZ uo 1°S°L Ul --dL|ej{ealed  -o1q dt3tuadyduaod
pue uewpay ‘9861 SLY3 Ul SJ3ay3o ayty eW 2/ 40 abe ‘YN €L-19  ‘shoutun|edad Jeds-y pajer|o4 eaue
€S43U30 puR J2YJPG -UNn SL PpPRUE) UL uO3N{d  qd-0 :epPRUR) Ul Y22 ‘12 epeueq uj :epeue) uy Ay|ed07 :epeue) u]  AembeyS-sautey HH
(PW S9-G/) SHI0Y SN03DVYL3IY¥D 1S3LV1
(9861 “S861
€ SUNWWOD U3 LJUM
‘UOS 1M "H'4)
SLLLS sabe ay-y pue
fqqnis A eu4dudb suae (9861 *"uhuwod
suon|d ¢(ew SL-59) U333 LJIM ‘uoj Ll
MO19Q 3BY3 pue ¥ILNS “Y'9H) 8be uoduLZ yotua=y awos 93 L401po
9A0QP Y3 UDDM3IDQ UL UOJU1LZ paystiiqnd “3udjued-y "JaAe  -uesb spudquuoy
AlLeowways pue Ajpepow -un Aq pajusoddns -=JtL(eyeoes -331301qQ 33t
931ns (el G5-G%) st (¥861 s43yio fsnoutwnie -BUO3 pUB 33LJO
9861 9A0qe ueyjy pajesy|d pue s[aJ4yay) -3aW pue snouy -1pouerdb apus|q paJe
pJ04 pUB M3Ug -WOD dJ4OwW A[|RUNJINUIS  UOJULZ UO BW (9 02 YN 9/~-/G ~-wnieuasd [enb3 -uJdoy pajet|o4 Aembeys-neaunp 99
(W 55-59) SXO0Y IN3ID03 W4
$30U84343Y uoLssnastqg eje(q aby *6L4 uo Amwaco abuey wuorjestgisse) JUDSIN( awep ERVENENEN
sweabeiq (U3 o1s Ledtusyy sadAL 21y3LT 31198 40 eaay 1 93eld
pue dey (4ouLl pue) uoley pue 1 s4nb4

*pOnULIU0)~-BYSE|Y UJD3SBAYIN0S 40 s%004 otjewbew 510zZous) pue J10z0SaK 3So3e| JO uorldirJdsag--+g 3GVl



9861 ©"unw
-W0D [BJ0 Y20y
*QTy pue 1301113

"1y 1861
‘3301113 pue Yooy

8861

fsJayjo pue

sseibnog ‘y861
€s49y30 pue maug

ejep *gndun
‘p4o4 "g°y pue
Maug ‘Y0 ‘9861
¢303qAug pue maJdg

3S 3y3

03 3N0 9P BSLMIBYIO
40 33e3161p eyy (71)
eaJe bungsuaaiad ay3
Wouj SuUOLIBNULJUOD
30 S3S1su0d ALwey

W LLLS 931 (RUOT 3PBJ4Y,

way3 4o

OM} U93M13Q 1Lun 33L3
-ewb 1w ¢sa)pog snoa
-uabowoy sbue| unoy

40 S3sSLSuod A Lwey

wLLLS 23L1eU0} je34D,

A11utyge

ULlRJJBDUN FJRYMBWOS

0 S|LLS ||PWS [BUBA3S
snid uojn|d snonuty
-U0D ING MOJJRU 3UO
JO $3S1SU0D AjLwey
wLL1S 93L|RUOY jE3JY,

e3ep ON ‘YUN

a|qe|Leae

sabe afqer(as oN €2 ‘€22
(v861) Sday3o
pue S |24Yy39y
Aq pajuodau
W ¥9 40 N/qd
(9861 “8161
CLL6T ¢ sunwwod

U333 LM ‘Y3 Lwg
*9°r) e 0§
03 apuajquaoy
uo el 99 wWoJy
abuea sabe uy-y €2

ejep ON

ve

ejep ON ejep oN

Jual

-U0d-} “J43AP
2WOS ‘Yo td=y
A |3ueuLwop

- Jp|eyLeates
“1:6°07 st
otjed snourwn|
-eJad 031 -el3p

v

£99-€9 £9-%§

juepunge
£irenba yoru-y
pue 3uU3aju0d-Y
*J49AR - DL|BY|®
-o1ed f1:6°2
ol3leu snoutung
-pJdad 03 -R3IIN

LL9-%9 89 -85

14
-01p z3j4enb pue
93lu01pouedy

(s3taotp

-ouedb) ayr401p
zqJdenb “aji(eu0)
9311301q-apua|q
~udoy pue 3pua|q
~uJoy-a11301Lq
pajeaul | -||3mM A
-ledo ‘pajeiloy
S CLW AT AENED]

(®3tuozuow zyuenb
pue ajtaotpo
-uesb apua|quuoy
-91130Lq) ‘931|
-Pu03 pue 331Jotp
zyJdenb apuaqudoy
-931301q pajea
-auL|-||9m Lled
-0| ‘pajey|oy
~L19M K| {e43uaYy

Q3INNILNOD - (®W §9-G£/) SYJ0¥ SNOIIVLIYD 1S3V

S9dUo.J49])3Yy

uoLssnastLq

‘614 uo
suwedabelqg
pue dey

eijeq aby

abuey

uOL3IeI 14 1SSR()
cots

Amwa@u
Leatuay)

0ts

U353
sadh] o1y3L]
(40Ut pue) uofey

*panuL3u0)=-=~BYSE Y UJIISEaY3INO0S JO sY204 otjewbew 9[0ZoOusa) pue J10z0Sal 3Sa3e| 40 u0L3dLadsag--'2 I8Vl

{eue) platypedg

eade bunqsualad

e3JR WNPWNG

1199 J0 eauy
pue 1 aunby



Ge

$90L°0-€90L°0 30 soijea
|el2LUL J4S pue Sa||ewoue
n3 aatjebau |[Pws y3m
suu3l3ed 33y poajeuotidedy
Aipitw 2a0das (98671)
S43Y30 pue yaay Esipts
MOJJIRU |RJDADS YILM 3pLM
wy Gz auoz poo3ssapun
Alao0od e st ((77) (eue)
platjpesg 03) eaae Butuaa
-J33ul INg N J43Yy3ny
ALlwey ay3 So|quas

-a4 £poq snoauabouwoy

a1buts jey3z Auaepunog (e sjunoue |enba
9861 ‘SJ49y30 -uotjeusaqu] o3 guadel ut yora-y
pue yaay $zgel -pe *S°n 9yl ut fuol pue 3us3u0d-Yy ?1tdJaLpourub
‘UOSLUDINH /461 -ntd uoolonh st eiq (1861 *J9AR - DRy f911|RU03 pue
‘saayio pue -wn o3 ysiitag ojut ¢sJa3y10 pue -1e21ed f1:g ajta01p zaaenb
yjtwg ¢ssoad utr  Aptwel ,111S d11|eu0] baag) uoduatz 0t3RJ4 Snouumy apuajquaoy eaae j43dny
¢suaayqo pue buag 10249, JO UOLSUBIX] uo ey 6§ 01 g§ €2 A 29-96 -euad 03 -ev138) -931301Q PIIRL|04 ddULAJ-URY 1YD3dY WW
Q3NNIINOD - (®BW 69-GZ) SHJ0¥ SN0IIVLIYD 1SILV
ERIEREREN uoLssnasLg eaeq aby ‘614 uo Amwgmw abuey wuotleOLjLSSR]) PUELTRF] aweN ERIIENEREN]
sweabetq oLs 2ots [edtway) sadfl 214117 113g 4o eaay 1 91eld
pue dey {4outl pue) aofey pue 1 aJnbiy

‘ponuLluQ)--e)Se|Y UJalseayinas jJo S3Jo04 uquEmmE J10ZQUa) pue JL0ZOS3AK 3sole| jo :omua.—LomwOlu.N 319yl



FIGURE

FIGURE

FIGURE

FIGURE
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ILLUSTRATIONS

1. Cenozoic plutonic and volcanic rock localities in southeastern
Alaska. Letters refer to areas described in Tables 1 and{or) 2. Lined
pattern indicates approximate extent of areas; boundaries between
contiguous areas of the same age are omitted. Lines labelled "W" are
the northwest and southeast boundaries of the southern southeastern
Alaska dike swarm.

2. Histogram showing distribution of radiometric ages for southeastern
Alaska.

3. Latest Mesozoic and Cenozoic magmatic belts, fields, and areas in
southeastern Alaska; ages given in parentheses are those from the
organization of the text and table and do not in every case reflect the
full range of ages of the rocks in the belts. One-hundred and twenty
kilometers of right-lateral separation on the Lynn Canal-Chatham Strait
fault has been removed. Different line types are used only to clarify
relations between overlapping belts.

4. Composite diagrams for rocks of Holocene age from the Edgecumbe
volcanic field (location shown on fig. 5). A, AFM diagram after Irvine
and Baragar (1971), non-tephra-deposit samples, data from J.R. Riehle
(written commun., 1986); B, silica-variation diagram, non-tephra-
deposit samples, data from Brew and others (1969), Myers and Marsh
(1981), and Kosco (1981); C, AFM diagram, tephra-deposit samples, data
from J.R. Riehle (written commun., 1986); D, silica-variation diagram,

tephra-deposit samples, data from Riehle and Brew (1984).

5. Location map and composition diagrams for rocks of Holocene age from
A, the southern Kupreanof volcanic field (B), Blue River-Unuk River
volcanic field (C), Tlevak Strait field and (D) Behm Canal-Rudyerd Bay
volcanic fields (E). B, AFM diagram (Irvine and Baragar, 1971); C,
Silica-variation diagram. Data sources: Douglass and others (1988),
R.L. Elliott (written commun., 1986), Wanek and Callahan (1971), and
Ouderkirk (1982).

6. Location map and composition diagrams for rocks of late 0ligocene
and Miocene age from A, the Icy Strait belt (K) and the Admiralty
Island volcanic field (M). B, AFM diagram (Irvine and Baragar, 1971);
C, Silica-variation diagram. Data sources: D.A. Brew (unpub. data,
1985); Loney (1964), G. Plafker (written commun., 1986).

7. Chondrite-normalized rare-earth-element diagram for rocks of late
Oligocene and Miocene age from the Icy Strait belt (dots) and Admiralty
Island volcanic field (circles). Data from D.A. Brew (unpub. data,
1985) and G. Plafker (written commun., 1986).

8. Location map and composition diagrams for volcanic rocks of late
Oligocene and Miocene age from A, the Kuiu-Etolin volcanic-plutonic
belt (N). B, AFM diagram (Irvine and Baragar, 1971); C, Silica-
variation diagram. Data source: Douglass and others (1988).

9. Chondrite-normalized rare-earth-element diagrams for rocks of late
26



FIGURE

FIGURE

FIGURE

FIGURE

FIGURE

Oligocene and Miocene age from the Kuiu-Etolin volcanic-plutonic belt.
A, Basalts and andesites; B, Rhyolites (dots) and granitic rocks
Tb1rc1es) Data source: D.A. Brew (unpub. data, 1985).

10. Location map and composition diagrams for plutonic rocks of late
Oligocene and Miocene age from A, the Kuiu-Etolin volcanic-plutonic
belt (N) and Groundhog Basin area (0). B, AFM diagram (Irvine and
Baragar, 1971); C, Silica-variation dxagram D, general plutonic rock
classification diagram (Streckeisen, 1973): AF, alkali-feldspar
granite; AQ, alkali-feldspar quartz syenite; AS, alkali-feldspar
syenite; DI, diorite; GR, granite; GD, granodiorite; MD, monzodiorite;
MO, monzonite; QD, quartz diorite; Q0, quartz monzodiorite; QM, quartz
monzonite; QS, quartz syenite; SY, syenite; AM, quartz monzonite; QS,
quartz syenite; SY, syenite; T0, tonalite. Data sources: Douglass and
others (1988), and Hunt (1984).

11. Location map and composition diagrams for plutonic rocks of late
O0ligocene and Miocene age from A, the Quartz Hill/Portland Peninsula
area (V). B, AFM diagram (Irvine and Baragar, 1971); C, Silica-
variation dlagram, D, general plutonic rock classification diagram
(Strekeisen, 1973): AF, alkali-feldspar granite; AQ, alkali-feldspar
quartz syenite; AS, alkali-feldspar syenite; DI, diorite; GR, granite;
GD, granodiorite; MD, monzondiorite; MO, monzonite; QD, quartz diorite;
Q0, quartz monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY,
syenite; T0, tonalite. Data sources: Smith and others (1977); Hudson
and others (1979).

12. Location map and composition diagrams for granitic and gabbroic
rocks of Miocene and late Eocene and early Oligocene age from A, the
Glacier Bay region (X) and the Yakobi, Chichagof, and Baranof area (Z).
B, AFM diagram (Irvine and Baragar, 1971) C, Silica-variation diagram;
D, general plutonic rock classification diagram (Streckeisen, 1973):

AF alkali-feldspar granite; AQ, alkali-feldspar quartz syenite; AS,
a]ka11 -feldspar syenite; DI, diorite; GR, granite; GD, granod10r1te,
MD, monzondiorite; MO, monzonite; QD, quartz diorite; MO, quartz
monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY, syenite;
TO, tonalite. Data sources: Himmelberg and Loney (1987), and Brew
(unpub. data) for all but Baranof area; Wanek and Callahan (1969) and
Callahan (1978) for Baranof area.

13. Chondrite-normalized rare-earth-element diagram for rocks of middle
and late Eocene and early 0Oligocene age from the Yakobi Island area.
Data source: Himmelberg and others (1987).

14. Location map and composition diagrams for granitic rocks of early
and middle Eocene age from A, the Haines-Skagway area (AA). B, AFM
diagram (Irvine and Baragar, 1971; C, Silica-variation d1agram D,
general plutonic rock classification diagram (Streckeisen, 1973) AF,
alkali-feldspar granite; AQ, alkali-feldspar quartz syenite; AS,
alkali-feldspar syenite; DI, diorite, GR, granite; GD, granodiorite;
MD, monzondiorite; MO, monzonite; QD, quartz diorite; QO0, quartz
monzodiorite; QM,*quartz monzonite; QS, quartz syenite; SY, syenite;
T0, tonalite; Fe0 indicates total Fe as Fe0. Data source: Barker and
others (1986).
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FIGURE

FIGURE

FIGURE

FIGURE

15. Chondrite-normalized rare-earth-element diagrams for granitic rocks
of early and middle Eocene age. A, Haines-Skagway area; data source:
Barker and others (1986); B, Juneau-Taku River area; data source: D.A.
Brew and A.B. Ford (unpub data, 1985).

16. Location map and composition diagrams for granitic rocks of early
and middle Eocene age from A, the Juneau-Taku River area (BB). B, AFM
diagram (Irvine and Baragar, 1971); C, Silica-variation d1agram Q)
general plutonic rock classification diagram (Streckeisen, 1973): AF,
Alkali-feldspar granite; AQ, alkali-feldspar quartz syenite; AS,
alkali-feldspar syenite; DI, diorite; GR, granite; GD, granodiorite;
MD, monzondiorite; MO, monzonite; QD, quartz diorite; QO0, quartz
monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY, syenite;
T0, ;ona]ite. Data source: D.A. Brew and A.B. Ford (unpub. data,
1985).

17. Location map and composition diagrams for granitic rocks of early
and middle Eocene age from A, the Sumdum (CC) and Petersburg (DD)
areas. B, AFM diagram (Irv1ne and Baragar, 1971); C, Silica-variation
diagram; D, general plutonic rock classification diagram (Streckeisen,
1973): AF, alkali-feldspar granite; AQ, alkali-feldspar quartz syenite;
AS, alka11 -feldspar syenite; DI, diorite; GR, granite; GD,

granodiorite; MD, monzondiorite; MO, monzonite; QD, quartz diorite; QO,
quartz monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY,
syenite; TO, tonalite. Data sources: D.A. Brew and A.B. Ford (unpub.
data, 1985) for Sumdum; Douglass and others (1988) for Petersburg.

18. Chondrite-normalized rare-earth element diagram for granitic rocks
of early and middle Eocene age from the Petersburg area. Data source:
D.A. Brew (unpub. data 1985).

19. Location map and composition diagrams for granitic rocks of early
and middle Eocene age from A, Bradfield Canal (EE) and Ketchikan (FF)
areas. B, AFM diagram (Irv1ne and Baragar, 1971); C, Silica-variation
diagram; D general plutonic rock classification d1agram (Streckeisen,
1973): AF, alkali-feldspar granite; AQ, alkali-feldspar quartz syenite;
AS, alka11 -feldspar syenite; DI, diorite; GR, granite; GD,

granodiorite; MD, monzondiorite; MO, monzonite; QD, quartz diorite; QO,
quartz monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY,
syenite; TO, Tonalite. Data sources: Webster (1984) and Smith (1977)
for Bradfield Canal area; Smith (1977) for Ketchikan-Prince Rupert
area.

20. Location map and composition diagrams for granitic rocks of
Paleocene age from A, the Juneau-Skagway area (GG). B, AFM diagram
(Irvine and Baragar (1971) C, Silica-variation d1agram D, general
plutonic rock classification diagram (Streckeisen, 1973): AF alkali-
feldspar granite; AQ, alkali-feldspar quartz syenite; AS, alkall-
feldspar syenite; DI, diorite; GR, granite; GD, granodiorite; MD,
monzondiorite; MO, monzonite; QD, quartz diorite; Q0, quartz
monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY, syenite;
T0, gonalite. Data source: D.A. Brew and A.B. Ford (unpub. data,
1985).
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FIGURE 21. Location map and composition diagrams for granitic rocks of latest
Cretaceous age from A, the Haines-Skagway (HH) and Juneau-Taku River
(I1) areas. B, AFM diagram (Irvine and Baragar, 1971); C, Silica-
variation diagram; D, general plutonic rock classification diagram
(Streckeisen, 1973): AF, alkali-feldspar granite; AQ, alkali-feldspar
quartz syenite; AS, alkali-feldspar syenite; DI, diorite; GR, granite,
GD, granodiorite; MD, monzondiorite; MO, monzonite; QD, quartz diorite;
Q0, quartz monzodiorite; QM, quartz monzonite; QS, quartz d=syenite;
SY, syenite; TO, tonalite. Data sources: D.A. Brew and A.B. Ford
(unpub. data, 1985) and Barker and others (1986).

FIGURE 22. Chondrite-normalized rare-earth element diagrams for granitic rocks
of latest Cretaceous age. A, Haines-Skagway area (data from Barker and
others, 1986); B, Petersburg area (D.A. Brew, unpub. data, 1985).

FIGURE 23. Location map and composition diagrams from granitic rocks of latest
Cretaceous age from A, the Sumdum (JJ), Petersburg (KK), and Ketchikan-
Prince Rupert (MM) areas. B, AFM diagram (Irvine and Baragar, 1971);
C, Silica-variation diagram; D, general plutonic rock classification
diagram (Streckeisen, 1973): AF, alkali-feldspar granite; AQ, alkali-
feldspar quartz syenite; AS, alkali-feldspar quartz syenite; AS,
alkali-feldspar syenite; DI, diorite; GR, granite; GD, granodiorite;
MD, monzondiorite; MO, monzonite; QD, quartz diorite; Q0, quartz
monzodiorite; QM, quartz monzonite; QS, quartz syenite; SY, syenite;
TO, tonalite. Data sources: D.A. Brew and A.B. Ford (unpub. data,
1985) and Brew and Grybeck (1984) for Sumdum; Douglass and others
(1988) for Petersburg; and Smith (1977) for Ketchikan-Prince Rupert.

FIGURE 24. Time space diagram summarizing latest Mesozoic and Cenozoic
magmatism in southeastern Alaska.

TABLES

TABLE 1. Major latest Mesozoic and Cenozoic magmatic belts and areas of
southeastern Alaska.

TABLE 2. Description of latest Mesozoic and Cenozoic magmatic rocks of
southeastern Alaska. See text for discussion.
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