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FOREWORD

This report 1s the result of one of the projects of a cooperative
graduate student geologlc mapping program between the State of Alaska
Division of Mines and Minerals and the University of Alaska College of
Earth Scilences and Mineral Industry. 1In this program, the Division con-
tracted with the Unilversity to finance the expenses of selected graduate
geology students in field work and thesis preparation for advanced degrees.
The Division made the final payment for each project only if the completed
thesls wan acceptable to the College as qualifying the student for the
degree and acceptable to the Division asa contributing new geclogic in-
formation of use and benefit to future searches for and development of
economic mineral deposits. The College authorized the Division to publish
the qualifying theses as Division publications.

We are proud to present this excellent thesis by larry Hanson,

It will be found by technical persons to be a highly worthwhile contri-
bution to the economic geology of the State, and of value Iin future

development of the State's mineral resources.

James A, Williams, Director
Division of Mines and Minerals
November 6, 1963



ERRATA

Page 47 (line 17).....Change: Separated by a major fault (I)...
to: Separated by a major fault (K)...

Table 2 (p. 513 last listed brachiopod).....

Change: Leilorhynchus cf. I.. rockymontanus

(Marcou) F-2

to: Lelorhynchus cf. L. rockymontanus
(Marcou) F-1

Plate 3 (in pocket; index map).....

Change: Fault I
to: Fault K
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ABSTRACT

The Rainbow Mountain area is located along the Richardson Highway
adjacent to and south of the Denall fault, The Paleozolec and Mesozoilc
sedimentary and igneous units of the study area contrast the Birch Creek
gchist which underlies the area immediately north of the fault,

Pre-Mississippian low grade metamorphic rocks (phyllites, green-
schiate and marblés) with included ultramafic dikes and sills occur in
several fault blocks which border the Denall lineament, Rainbow
Mountain 1s for the most part underlain by detrital rocks (''graywackes'),
limestones, andesitic and dacltic pyroclastics and minor andesite flows
of the Mississippilan (?) McCallum Creek and Pennsylvanian Rainbow Moun-
tain sequences, These have been intruded by masslve porphyritic andesite
8ills, hornblende granodiorite and quartz diorite plutonic masses and a
variety of dike rocks, A dunite intrusion and a belt of quartz diorite
gneiss outcrop near the Denali fault,

The paleontologically dated Carboniferous sequences have been
deformed during at least three distinctive cycles of deformation of
probably late Mesozolic to early Tertiary age, Following the Intrusion
6f the andesite aillls, these sequences were folded and locally overtuxrned
and overthrust to the southwest, Intrusion of the hornblende grano-
diorite pluton was succeeded by a cycle of vertical block faulting
which subparallels the trend of the Alaska Range., Subsequent to the
mineralization of the quartz veins and the intrusion of the diabase
swarm, a system of north to northeast striking faults of dominantly

lateral movement were developed, Each cycle of faulting may reflect



movement along the Denall fault, Uplift, tilting and minor vertical
faulting have proceeded since the time of the last major cycle of
faulting,

The three principal types of mineralization which occur are:
(1) copper-lead 1n quartz veins, (2) nickel-copper assoclated with
gerpentinite, (3) disseminated sulfides in andesite '"sills" and units
of the Rainbow Mountain sequence., Although no economically important
deposits were found, further investigation of some occurrences is

reccommended,



INTRODUCTION

Description of the study area

Location

The Rainbow Mountain area 1s located in the east central Alaska
Range just north of Isabel Pass and east of the Delta River, The

location and approximate limits of the study area are shown in figure 7,
Access roads

The main access road, the Richardson Ilighway, is the western
boundary of the area. Three spur roads penetrate the general area from
the highway: (1) ; three mile long private road leaves the highway
approximately one mile south of Miller's Roadhouse, (2) a microwave
station maintenance road follows McCallum Creek upstream for two
miles, (3) a road also leads to the terminal area of Gulkana Glacler

from the highway, at the Richardson Monument,
Physiography

Relief and drainage

Elevatlons within the area range from approximately 2500 feet
élong the Delta River to more than 7000 feet near the eastern bouundary;
greater than 4500 feat relief,

The principle topographic elements are: (1) the north_to north~
west trending ridge of Rainbow Mountain which rises abruptly more than

4200 feet above the valley floor of the Delta River (figs, 2 and 3),






and (2) the high branching ridge trending east and goutheast from the
highest peak of Railnbow Mountain (fig., 4).

The major streams which drain the area include; (1) McCallum and
Phelan Greeks to the gouth and west and (2) the Canwell Glacier system
(MLller Creek) to the north; both systems tributary to the Delta River,

Physiographic form

Quaternary glaclation has produced typical alpine topographic
features, Sharp arftes are characteristic of the high ridges, Many
abandoned cirques occur between 4500 and 5500 feet elevation, Above
55300 feet, cirques and valleys are still occupied by glaciers,
Moraine and outwash materials mantle the valley sides and floors of
most drainages, A complex of modified side glacial channelas eccurs
along the northwest and southwest flanks of Rainbow Mountain,

Structural control of topography:

The ridge of Rainbow Mountain 18 essentially a strike ridge and
much of the western slope approximates a dip slepe (figs., 5 and 39),
Resistant layers in the McCallum Creek and Rainbow Mountain sequences
form small ridges as do some units of the Pre-Mississipplan metamor=-
phic rocks, Many basic and intermed{ate dikes and gills are also
minor ridge formers,

The topography underlain by plutenic rocks is generally more
ﬁerrate than that underlain by sedimentary and wmetamorphic units, The
traces of most major faults coincide with prominent valleys or other
topographic lows (e, g,, the Denali Fault beneath Canwell Valley and
faults G, 0, Q, 5, W, and X, each underlying a linear topegraphic

low (see plate 4),
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Figure 5: The crest of Rainbow Mountain; a view to the north from sector
B-3(WC). The strike ridge form is typical with dip slope to the
west .

erp

Figure 6: The southern area of Rainbow Mountain; a view to the south from sector B-3{WC).
Fault J separates the McCallum Creek seguence(MCS) from the Rainbow Mountain
sequence (RMS) .



T3

- b'_.‘““&'ﬂ_,_”,‘_’.’,‘_'.b.! Mrm. | MRS &
il i S YESvas Oias/ec |

f"*‘j‘ F-

'\yr -'p}a"\u‘ '
J "

Figure 1: The Rainbow Mountain area; an air view from the
south. (Alr photograph by the U. 8. Navy)



Research objectives and Techniques

The following factors influenced the selection of this area for
study:

1., Xnown nickel and copper minerals occur in the northern part
of the area and suggest other possible occurrenced,

2, Fossiliferous stratigraphic sections which are important to a
better understanding of the geology of the Alaska Range are well
exposed over much of the area,.

3, One of the most prominent structurgl featurea in the Range=--
the Denali Fault=-~bounds the area on the north,

4, It is situated adjacent to the Gulkana Glacier area where
related bedrock and physiographic studies are in progress,

5. Relatively easy access to the area {8 posstible,
Research objectives

The Rainbow Mountain study has attempted to:

1. Define the petrology and structure of major bedroeck unite
exclusive of the Tertilary sedimentary rocks,

2, Determine the age of these unita and geologlc history of the
ares,

3, Obtain a general understanding of the stratigraphy of the
Paleozolc sequences,

4, Reiate ralneralization to the various gedloglc factors as a

key to exploration and utilization,



Techniques

Fileld data were collected during the 13 weeks of the gummer field
season in 1962, Operations were staged from a base camp located near
the Richardsen Highway, Four major trail camps were established at
scattered localities near the crest of Rainbow Ridge,

The area was mapped on a scale of 1:20,000, .Aixr,  photographa of

ecale 1:52,000 and 1:40,000 aided in the investigation.

Previous investigations

Mendenhall (1900), in his report of a reconnalssance traverse
across tho Alaska Range at Ysabel Pass, was the firat to geologically
describe parts of the Rainbow Mountain area, He noted the thick
succession of tuffa exposed along the Phelan Creek near thg Delta
River, He also recorded the association of porphyritic rhyolite £lows
with these tuffs, Later, Mendenhall (1905) correlated these tuffa~
ceoud beds with the Chisna formation exposed 25 miles to the east,
which he believed to be of Carboniferous age; this dating was based
on analogous structural and lithologic evidence,

Moffit has done considerable work in the Alaska Range asast of
the Delta River, Two of his reports (1912 and 1942) discuas the
Rainbow Mountailn area in part,

Regarding these rocka, Moffit (1912) notes:

East of Phelan Creek and west of Delte River northward from

Eureka Creek to Canwell Glacler, the high mountains consist of

slates, tuffaceous beds, quartzitic sediments and local lime~

atona beds agsociated with diabase flowe or intrusions and with

light gray or greenish gneisses that probably represent metamor-
phosed diorite intrusions, These beds are much folded and In



places a-schistose structure has been developed,..,The same
rocks [implying all lithologies) extend eastward to the
Chistochina River reglon, where they were named the Chisna
formation by Mendenhall and westward on the north side of
Eureka Creek to at leaat as far as the glacler at the head of
the main fork of Maclaren River,

In his latest report, (1954), which summarizes most of his
work in the eastern Alaska Range, Moffit suggests that the tuffs

along Phelan Creek may be of Permian age,
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GEOLOGIC SETTING

Rock units

Moffit's geologic map (1954) (ee figure 8) indicates the general
dietribution of rock types in the eastern Alaska Range.

Birch Creek schilsts and gnelsses with assoclated plutonic rocks
crop out north of the Rainbow Mountain area and underlie most of the
area along the northern flank of the range, These rocke are separated
from the dominantly Paleozolc-Mesozole rocks of the southern Alaska
Range by the Denali fault,

Unita of Devonian through Triagsic age are probably represented
in the southern fault block, Lithologically these consist primarily
of graywackes, limestones, basic to intermediate volcanics, acidic to
Intermedlate intrusives and rare ultramafics, Low grade metamorphic
rocka are typical of most pre-Devonian units, but medium and high-grade .
metamorphic rocks of unknown age also occur in the general area; among
these are the migmatites, gneisses and schists which underlie much of
the catch basin of Gulkana Glacler (D, M. Ragan, personal communication),
Tertiary conglomerates and sandstones with coal occur at the lower

elevations 1n areas both north and aouth of the Denall fault,

The Denali fault

In the east central area of the Alaska Range, the Denall fault {s
expressed topographically as a well defined lineament, This lineament
18 occupied by megments of some of the largest glaciers in the region

(Sueitna, Black Rapids, Caunwell, .Gulkana and Chistochina Glacilers),
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It can be traced-without major interruption to the southeast along the
Alaska Range into Canada, and is belileved by many to continue aouth
through Chatham Strait in Southeastern Alaska,

The wagnitude and direction of displacement along this ''great
fault” are contreversilal, A right lateral displacement of 150 miles
has been proposed by St, Amand (1957)., This has been sharply contested
by some, who believe that lateral displacement does not exceed 20 miles,
Muller (1958) suggests that the fault is a thrust, at least in the
western Yukon and eastern Alaska, He holds that the southern block has
been overthruet to the north and northeast, Wahrhaftig (1954) believes
that the Denali 1s a reverse fault and that the northern block 1s

upthrown,

Reglonal Geologic History

According to Payne (1951) the area occupied by the present Alaska
Range was the site of a major geosynclinal trough during early
Raleozoic time (Cambrian-~Silurian), This geosyncline was recelving
sediments primarily from volcanic sources to the soutg. The environ-
ment was chiefly eugeosynclinal, The miogeosynclinal portion of the
trough lay to the north, and was accumulating more pelitic sediments
derived from a atable continental mass, which was then located near the
present Arctic Ocean,

Thouesands of feet of graywackes, limestones, tuffs and lava flows
were probably deposited throughout much of the area which is now the
Alaska Range, but these rocks have been eroded and obscured by meta-~

morphism, and there is little direct evidence of their presence, An



orogenic disturbance during early Devounian time folded and recrystallized
these pre-Devonian rocks, Following uplift and erosion, the reactivated
geosyncline continued to migrate northward, enclosing the entire Alaska
Range area in the unstable eugeosynclinal phase, During late Paleozolc
time, thousands of feet of basic volcanics, graywackes, tuffs and
carbonates were depesited, The extruslon of lavas increased in
frequency through Permian time, reaching a maximum during early Mesozolc
tima In the east central Alaska Range (Moffit, 1954),

The single linear geosyncline became less well defined during
Triassic and Juraselc time, and various segments of the Alaska Range
gubaided at different times to form dependent (?7) geosynclines, These
received sediments and basic volcanics from adjoining volcanic island
arca (Payme, 1951),

According to Payne (1955), major deposition ended with the early
Cretaceous (Late Neocomian~Aptian) orogeny, Renewed deposition of
marine sediments followed with the subsidence again in Albian~
Cenowaniaﬁ time, The ensuing Turonian orogeny was followed by erosion
over moat of the Alaska Range, Continental deposition continued in
many areas during Late Cretaceous and Tertiary timea, Several early
Tertiary orogenic pulses resulted in further deformation of the Alaska
kange geosynclinal belt and Nutzotin segment (£fig. 9), Epeirogenic (7)
ﬁplift of the Alaska Range continued throughout Tertiary and Quaternary

periods to the present,



PETROLOGY OF ROCK UNITS

Pre-Missigsippian metamorphic rocks

Fileld Occurrence

This unit includes the phyllites, calc~phyllites, greenachists and
impure marbles which occur in the extreme northwest part of the map
area (8ee sectora C-5 and D-5, plate 1). These rocks occur in three
distinct fault~bounded blocks (see plate 1), which contact to the south
the rocks of the Pennsylvanian Rainbow Mountain ssquence, along one
fault and the quartz diorite gnelss along a second.f&ﬁlt, To the north
outcrops of phyllite and calc-phyllite can be traged to the southern
margin of the Canwall Glacier, where they are coQLred by woraine. The
Pre~Misasissippian metamorphic rocks probably lie in fault contact (the
Denali Fault) with che medium grade crystalline schists of the Birch
Creek complex, which compese the ridge north of the Canwell Glacier,
These possible relationships are, hawever, covered by ice of the
Canwell Glacier,

A number of serpentinized ultramafic dikes have been intruded tnto
the phyllites and greenschiats in the southern fault block (see plate
1), This area is mapped separately; as the Serpentinite complex,

Delicate intercalations of phyllites, calc-phyllites and minor
{mpure marbles and greenschists characterize the rocka of the two north
fault blocks, In contrast, greenachists are major while calc-phyllitesn

are subordinate and impure marbles rare in the south fault block., The
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thicknesses of the interbedded phyllites and greenschist layers vary

between 2 and 10 feet in this part of the section,

Petrography

Phyllites and Calc~phyllites

Mineralogy.=--Quartz, albite, chlorite (clinochlorxe), sericite,
and carbonate are the major constituents in these rocks, Stilpnome-
lane, carxrbonaceous matter, epidote (clinozolsite) and actinolite are
often present as minor or accessory constituents, Magnetite and
leucoxene are common accessory minerals, Quartz and albite are the
most abundant minerals in the phyllites; and carbonate i{s the dominant
mineral in many calec=-phyllites, With an increase in actinolite, epi-
dote, stilpnomelane and chlorite, the phyllites an§ calc~phyllites
grade 1into greenschists and carbonsfe~bearing greenschists.

Repregentative equilibrium metamorphic mineral assemblages from
the phyllites and calc~phyllitea are listed beloy:

(sericite-chlorite-albite-quartz

(
phyllites (stilpnomelane-chlorite-quartz~albite

( .

(sericite-chlorite-calcite-albite-~quartz

(chlorite-carbonate-albite~quartz
calc~phyllites (
(stilpnomelane-sericite-carbonate~albite-quartz

Fabric,~~The grain size in the phyllites and cale=-phyllites ranges
from ,05 to ,2 mm, Porphyroblasts are generally rare, However, on the
north margin of the north fault blocks (near Canwell Glacler), the

units exhibit megascopic albite-oligoclase porphyroblasts, The

11
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anorthite content of these porphyroblasts is high for a true low grade
phyllite, and these rocks may represent transitions between phyllites
and medium grade schists,

Two and commonly three s~surfaces are present in the fabric of
these rocks, Compositional layering (sl), ig probably bedding inherited
from the parent sediments; s,, & crystallization foliation, defived by
the preferred orientation of platy minerals, usually parallels compo§i-

tional layering; and s, is an incipient axial plane foliation defined

3
by platy and prismatic minerals (quartz and feldspar) in some areas,
gy and 8, are tightly folded and 84 typically transectsa these at the
fold axes (fig, 10),

Greenschlsts

Mineralogy.~--The major mineral constituents of the greenschists
include actinolite, chlorite (pennine and clinochlore) and albite,
Quartz, carbonate and epldote (clinozolsite) and stilpnomelane are
usually present and are only major constituents in some greenschists,
Magnetite, leucoxene and pyrite occur as accessories,

Only a few greenachists were examined petrographically; this was
insufficient to establish the modal variation of these rocks, Equili-
brium metamorphic mineral assemblages of prabably representative

greenschists are listed below:

(ohlorite-calcite-albite-actinolite

(
greenschists (clinozoisite~quartz-albite-ghlorite-actinolite

(

(stilpnomelane-actinolite-calcite~clinozoisite~chlorite



Fabric,~~The greenschists exhibit a range in average grain size
simllar to that of the phyllites, Some layers, however, contain large
subhedral plagloclase porphyroclasts which appear to be relicts from
the fabrics of igneous parent rocks, These ﬁarticular layers are more
homogeﬁeous than the more typical greenschist units which are composed
of laminations of greenachist and chlorite phyllite.

The greenschlst fabrics also contain sy, 8y, and sj surfaces as
previously described in the phyllites and cale-~phyllites., The 8, and
83 surfaces of the greenschists are defined by the preferred orienta-
tion of actinolite, chlorite and stilpromelane and similarly represent

two stages of penetrative movement with 8, being tightly crumpled,

2
Marbles

Mineralogy,.,~=Minerals found in most marbles include carbonate
(calcite), albite and albite=-oligoclase, quartz, carbonaceous material,
sericite, magnesian chlorite, clinochlore, sphene and magnetite, The
purer marbles characteristic of the northern occurrence of the unit
contain accessory albite and sericite., The ilmpure marbles which are
more typical of the rocks of the southern fault blocks have carbonate,
albite, quartz and generally clinochlore as major constituents, Other
chlorited, sericite and carbonaceous materials are usually minor with
ephene and magnetite as accessoriles, Marbles gradational to calec-

phyllitea are common, Sericite and usually clinochlore are major

constituents of these rocks,

13
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Examples of marbles which appear typical are;

(carbonaceous-chlorite~sericite~quartz~-albite~calcite

(

marbles (sericite~quartz-chlorite~albite-calcite

(

(quartz-~albite-calcite

Fabric,=-The marble units in both north and south fault blocks
display essentially complete recrystallization and the development of
a crystallization folilation in the ilmpure varieties (fig. 11),

Grain size generally ranges from ,05 mm to .2 mm} similar to
other rocka of the sequence, The mean size of carbonate grains,
however, 1is commonly larger (,2 mm to ,4 mm) than other constituents
in many marbles, Porphyroblasts (,2 mm to ,5 mm) of albite and
albite~oligoclase in some of the extreme northern occurrences are
common, Albite twinning of the albite-oligoclase porphyroblasts is
displayed in these rocks along the northera limit of the sequence.

Fabric surface 8y, 8,, and s3 are well developed in the impure
marbles as they are in the phyllites and greenschists, Surfaces
8y and sy are defined by the preferred orientation of sericite,

carbonaceous material and the chlorites (fig, 11),
An anomalous carbonate occurrence

A restricted occurrence of imcompletely recrystallized and
brecciated limestone which 1s associated with quartz diorite gneiss
and phyllites and greenschists of the pre-Mississippian rocks outcrop

along the crest of the ridge in sector D-5(C). This unit can be



traced across the canyon to the east, sector D~5(EC), where it topo-
graphically overlies the phyllites and greenschists with apparent
structural conformity, The Incomplete recrystallization of this
carbonate unit as compared to the phyllites and greenschists 1s not
understood,

These carbonates are in part dolomitie, Thin lenses and layers
of chert and quartzo-feldspathic aggregates (a few millimeters in
thickness) occur as impurities, TFossil fragments (?7) and clastic
carbonate (intraclasts) (?) embedded in a fine grain clastic matrix
are typical constituents,

The primary sedimentary structures and textures aée generally
obscured by the fine degree of brecctation which is characteristic of
these rocks, Brecclation appears to be a result of local shearing,
The fragmented particles are coated with ferriec oxide which imparts a

rust color to the outcrops,

Petrogenesis

The Pre=-Mississippian metamorphic rocks are composed of low grade
crystalline schists derived from a succession of interbedded argilla-
ceous, calc-argillaceous and impure carbonate rocka, The delicate
compositional layering and high carbonate content of many greenschist
layers implies a sedimentary rather than igneous parentage., The
magsive greenschists contailning relict phenocrysts were derived from

basic igneous rocks,

15



The metamorphic mincral assemblage from representative crystalline
schists are typical of the low grade zone of synklnematlc metamorphism,
There appears te be, however, a slight increase in grailn size of these
rocks to the north, from phyllites to phyllitic schists, This suggests
a possible corresponding increase in metamorphic grade, The average
grain size of sericite increases, although coarse grained muscovite
does not occur; and the phyllitic calc-schists end impure marbles which
occur near the southern margin of Canwell Clacier exhibit coarse,
twinned albite-~oligoclase grains, These, however, may not be porphyro~
blasts but relicts, instead, from parent sedimentary rocks
(porphyroclasts),

The relationships between the crystalline schists and parent

rocks are shown in the table below:

argillaceous sediments > phyllites

calc-argillaceous sediments > calc-phyllites
calc-magnesian argillaceous sediments — ——3»—  greenschists

basic igneous rocks >— greenschists

impure carbonates

Y

marbles (lmpure)

Serpentinite complex

Field occurrcnce

A network of serpentinized periodotite and serpentinite dikes and
sills, intrude the phyllites and greenschists of the Pre-Mississippian

metamorphiec rocks,

16
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The complex 1s confined in outcrop to a prominent north-south trend-
ing ridge located In sector D-5(EC) (see plate 1). It occuples a one=
quarter square mile area of the southern fault block of the Pre-Missise-
sipplan metamorphic rocks

The ultramafic dikes and sills average from 5 to 10 feet in
thickness, Some bodies are as thin as a few inches and several others
appear to be more than several hundred feet wide. The layers of
phyllite and greenschist which separate individual intrusions consist
of narrow (a few feet), discontinuous lenses which are minor in the
unit volume,

The majorlty of the dikes and sille are parallel to subparallel
and strike in a northwest to westerly direction; however, a few
strike to the west to southwest, Dips vary from a low of 20% to 25°
to the more common 70° to 90°, The foliation of the serpentinites
generally parallels these attitudea although sharp deviations in

strike of as much &s 90° in a few inches are common,
Petrography

Limited microascopic analyses of these rocks indicate that
dominantly serpentinized peridotite compose the dikes and sills,
Serpentinites, however, probably represzent a major portion of this
network, Olivine (Fo70), enstatite (En90-95) and antigorite are the
ma jor mineral constituents, Minor comstituents of some rocks include
chrysotile, "iddingsite," magnetite and clinopyroxene (diopsidie?),
Carbonate, chlorite, chromite and phlogopitic mica (?) occur as

accessories,



Modal analyses of two specimens of serpentinized peridotite showed:

Minexal Per cent

(1) (2)
olivine 25 32
enstatite 15 22
antigorite 41 28
chrysaotile 13 22
opaques (mainly magnetite) 3 7
"{ddingsite" - 5
clinopyroxene 2 2
accessories 1 1

Olivine graine are subhedral and average one to two millimeters in
size, Orthopyroxene occurs interstitial to olivine as large
(2 mm to 4 mm) anhedral graina,

Secondary deformation textures are cataclastic in origin, Primary
olivine grains have been granulated and alteration has concentrated
along the fractures,

A foliation has been developed 1n some phases of the dikes and
gills, The origin and microacopic chacacteristica of this structure
bave not been determined,

The petrography of the phyllites and greenachists discussed in
reference to seuth fault block oceurrence of the Pre~Missiseipptian
metamorphic sequence applies equally well to the corresponding rock

types of the Serpentinite complex,
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Petrogenesis

On the basis of the partial examination, two equally likely events
can explain these rocks:

1, intrusion into non-metamorphic succession with serpentinization
occurring during metamorphism,

2, weserpentinization occurring during emplacement,

The McCallum Creek and Ralnbow Mountain sequences

The Mississippian (?) McCallum Creek sequence and the Pennsylvanian
Rainbow Mountain sequence are lithologically very similar, The dia-
tinction between these is based primarily on fossil content (different
agee indicated) and the succession of atrata., The two units are

gseparated by a fault (J) (see plate 1),

In the following sections, the field occurrence of each of these
units is discusaed separately, A combined study of hoth McCallum Creek
and Rainbew Mountain lithologies (Petrography) then followa, The
succeeding chapter deals with the stratigraphy and paleontology of

these unita,

Field Occurrence

McCallum Creek sequence

The McCallum Creek sequence includes the altered Mississippian (?)
sedimentary and pyroclastic rocke which occupy the extreme southern

portion of the area and are well exposed in the canyon of lower McCallum
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Creek, The geologic map (pl. 1) illustrates the areal distribution,
contact relationships and general lithologic character of the sequence,

Field studies of Gerard Bond in 1963 (personal communication) indi-
cate that this unit extends for at least three miles southeast from
McCallum Creek beyond this study area, The possible distribution of
the sequence to the northwest beyond Phelan Creek was not investigated,
To the northeast the McCallum Creek sequence contacts the Rainbow
Mountain sequence along a major fault, A porphyritic andesite wmass
bounds the McCallum Creek segquence to the asouthwest (a fault contact
(7)) in the Rainbow Mountain area,

Several other sill-like bodies of porphyritic andesite intrude
the sequence., One of these andesite layers (southeast corner of sector
C=2) may be a flow; this relationship, however, is not established,

Rainbow Mountain sequence

The Pennsylvanian sedimentary and volcanic rocks of the Railnbow
Mountain sequence occur north of the McCallum Creek sequence and
underlie most of the main ridge of Rainbow Mountain, The distribution
of the major lithologies and contact relationships are shown om the
geologic map, plate 1,

The Carboniferous (?) rocks exposed west of Phelan Creek have
pot been definitely assigned to this unit., Granodiorite and quartz
diorite plutonic rocks bound the sequence to the east and northeast,
Both intrusive (sector A~3 (WC)9)' and fault contact (sectors B-3(SE) and
B-4(8W)) relationships with these intrusives are mapped, The south=-

eastern limlt of the mequence 13 not defined with this study,
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Petrography

For discusslon purposes, the rocks of the McCallum and Rainbow
Mountailn sequences are divided into three groups which are:
(1) detrital sedimentary rocks (Ygraywackes'), (2) limestones, and
(3) volcanics,

Detrital sedimentary rocks (''graywackes')

According to Folk (1954) there are five fimportant variables in the
description of sedimentary rocks, These are: (1) grain hize,
(2) cementing material, (3) textural maturity, (4) miscellaneous
trangported constituents, and (5) clan designation, A rock described
using this system might bes fine sandstone; siliceous, submature,
gleuconitic orthoquartzite, The system of Folk.outlimed above 4ds:used
in this report for all variables except the restricted clan designation,

Thexe 1s no classification scheme which adequately defines most of
the clastic detrital rocks encountered in the study area, The rocks
are of graywacke~like occurrence, but they are not graywackes (or
arkoses) intended in such classification schemes as Pettijohn (1957),
Krynine (1948), Polk (1954), or Hubert (1960), Therefore, the term
fGraywacke“ is used only in a broad sense to apply to all volcanic
derived rocks, and there 18 no specific mineral compesition implied
as in other clasaifications, 1In addition, the variations in minaral
composition are presented iIn tabular form and the reader may interpret
thesa data in any way he chooses,

The granular fraction of breccilas, finer grained clastice and

pebble conglomerates of the Carboniferous sequence are as follows;



Breccias and finer grained clastics

Grains=-detrital particles larger than ,03 mm

1.

Volcanic rock fragments

andesitic-porphyritic andamygdaloidal porphyritic
dacitic

basaltic (minor)

Plagioclase-=-0ligoclase and andesine

Quartz

Limestone fragments in some zones or interbeds
Minor conatituents

amphibole

pyroxene (rare)

chlorite

epidote

magnetite

leucoxene

Matrix~-detrital particles less than ,03 mm

plagloclase
quartz
chlorite
epldote
gericite

clay minerals

generally siliceous

calcareous common to rocks assvcilated with limestone

22
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Pebble conglomerates
Grains
1, chert
2, siltstone ('graywacke' composition)
3, tuff fragments
The remaining material is the same as that in the breccias and
finer grained clastics,

The mineral composition of the sandstones and coarser rocks in the
study area is such that there are complete tranaitions from rocks
having the composition listed above to both limestones on the one hand
and tuffs on the other, and at any place on the continuum, either rock
fragments or feldspar may be volumetrically prominent, Tuffaceous
rocks are locally abundant and are usually massively bedded, Highly
calcareous rocks are commonly interbedded with limestones. Rocks
intermediate between these are typified by graded bedding and appear te
be "classic graywackes,"

The detrital clastic rocks of the study area typically are dense
and siliceous, Secondary alteration of the mafic constituents
(mainly rock fragment components) to chlorite, and the common epido=~
tization of the feldepar fraction have:.caused a characteristic green-gray
color (magascopic), Alteration to epldote hag generally been concen~
trated In layers of the fine clastics (siltstones and fine sandestones),
The resultant pale yellow-green color of these atrata contrasts with
the epidote~poor darker green of the coarse clastic layera. This

contrast produces a striking stratification,
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Most silicate constituents are angular to subrounded in form,
Carbonate and other soft mineral grains are round to subround, Medium
to coarse clastics are poorly sorted as indicated by the high matrix
content (4% to 20% in most layers) and a correspondingly low cement
content,

Most ''graywacke' units are well bedded In layers which generally
vary from a few inches to 3 feet in thickness., Graded bedding is
common; each layer exhibits a gradation from coarse sandstone oy
pebble breccla~conglomerate to siltstone or fine sandstones, Other
layers are more masaive or thickly bedded, Laminated (non-graded)
units are also common (fig, 14).

Examples of the more typical lithologles encountered in the
study area are listed in table 1,

Limestones

The most abundant 1imestones in the study area are composed of a
poorly sorted mixture of fossll fragments and rounded grains of clastic
limestone (intraclasts) set in a matrix of microcrystalline ooze
(chemically precipitated calcite analogous to matrix in a detrital
rock)., PFeldspar, quartz, and velcanic rock fragments are major impuri-
ties in most limeatones, and magnetite, chlorite, clay, hematite, and
pyrite are minor impurities,

811ty autechthonous (entirely chemically precipitated) limestone
i8 a major lithology in unit ¥ of the Rainbow Mountain sequence

(fig, 26). These rocks contain abundant hematite which imparts a



TABLE 1,--Typical detrital rocks ("gravwackes")

of the McCallum Creek and Rainbow Mountain sequences.

Miscellaneous Structure Modal Analysis (%)
Specimen Textural . Textural Transported and [
Number Class Cement Maturity Constituents Alteration vE \ P F* Q 0 M
8-17-1 coarse siltstone siliceous immature - graded bedding 8 63 2 10 17
medium sandstone sausseritized
7-24-31 fine-very fine siliceous - - graded bedding 36 38 1 i3 10
sandstone sausseritized .
g8-2-15 fine-coarse siliceous immature- - lawminated 72 ! ? 15 2 3 8
_ sandstone submature graded bedding
7-17-1 pebbly coarse calcareous immature tuffaceous stratified 13 2 12 18 18 39 10
sandstone siliceous fossiliferous epidotized |
B8-17-2 sandy pebble siliceous immature- tuffaceous graded bedding 53 8 6 8 15
conglomerate submature chloritized |
§-15-4 silty, fine-coarse | siliceous immature tuffaceous laminated 2 41 26 11 20
sandstone chloritized |
6-11-7 coarse sandstone calcareous immature- fossiliferous massive 8 46 - 31 i5
siliceous submature tuffaceous silicified
6~3-26=2 siley coarse calcarecus immature fossiliferous massive 43 7 7 9 3 21 12
sandstone siliceous tuffaceous silicified
8-16-14 pebble siliceous immature - massive 7 7 ? 2 1 10 10
conglomerate epidotized ;
6-21-18 very coarse siliceous immature=- glass stratified 29 50 6 7 8
sandstone calcareous submature ]
ferruginous |
9-4=2 sandy fine pebble siliceous immature tuffaceous nassive 76 7 - 8 g
conglomerate gilicified ‘

*includes secondary alteration products

V. = volcanic flow rock fragments
>-combined where indistinguishable

= oL
naoanowod

pyroclastic rock fragments

feldspar grains

quartz grains

other, (includes carbonate, chert and other granular constiruents)

matrix and cement, (cement constitutes no more than 3 per cent of amy of these rocks)




maroon color, In other unlts autochthonous limestoneg are minor and
are usually Intercalcated with allochthonous (clastic) limestones and
transitional varieties,

The allochthonous (clastic) limestones consist of fossil fragments
and intraclasts cemented by sparry clacite, This variety also exhibits
impurities of volecanic origin (e. g., plagioclase and volcanic rock
fragments),

A discussion of the aspects of paleontology related to the
dating of the units is contalned in the following chapter, 1In general,
however, the fauna contributing the fossil fragments common to most
limestones are principally: (1) crinoids, (2) brachiopoda, (3) bryozoans,
(4) corals,and (5) foraminifers, Some layers particularly in unit f,
are crinoidal limestones, Brachiopod-bryozoan~crinoid coquinas are
confined to thin (less than 2 feet) layers in limestones of the Rainbow
Mountailn sequence,

The clastic grains composing mast limestones range between ,1 mm
and 2 mm in eize, Intraclasts are rounded, Silicate impurities are
aﬁbrounded to subangular,

The limestones of the McCallum Creek sequence are apparently more
sllicified than most carbonates of the Rainbow Mountain sequence., A few
gxceptiona are noted, however, and this silicification probably relates
more to lithologlec association (e, g,, silica source in the voalcanics)
than to structural position and age differences, Most limestones are
alightly silicified although non-silicified types and those in which

only allochems are silicified are coumon,
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The ratio of transported chemical fragments to cement variles

greatly within any one major limestone unilt, Layers composed almost
totally of transported chemical fragments contrast with adjacent layeres

of predominantly chemically precipitated ooze., Stratification (thin

bedded to laminated) 1is defined in part by this variation of the
allochem=orthochem ratio,

Some of the more common limestone lithologies of the McCallum

Creek and Rainbow Mountain sequences are listed below in approximate

order of decreasing abundance:
Rock name

Intramicrudite~intramicrite*

volcanic detritus bearing, fossiliferous.
(fossiliferous, eandy calcarenite-calcirudite),

intramicerite-intramicrudite*

fosailiferous (fossiliferous calcirudite-calcarenite),

biomicrite~biomicrudite*

intraclaat bearing (highly fossiliferous calcarenite~
calcirudite with some coquina),

intraparudite~intrasparite*

volcanic detritus bearing, fossiliferous,

(fossiliferous, sandy calcarenite~calcirudite),
micrite%*

fosailiferous,

(fossiliferous lithographic limestone)
micrited

(lithographic limestone)

*Clagaified according to Folk (1939).
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Volcanics

Various pyroclastic rocks comprise a major part of the Carboniferous
sequences, Andesite flows also occur in assoclation with some pyro-~
clastic units but are wminor in the sequence in general,

Pyroclastics,=-Pyroclastlcs of two major compositions occur in

both the McCallum Creek and Rainbow Mountain sequences, These are:
(1) dacite and (2) andesite,

Dacite tuffs:--There appears to be little mineralogical variation
within the thick beds of these pyroclastics, They are primarily crystal
tuffe and crystal lapilli tuffs, ©Lithic lapilll tuffs are minon,

The most common varlety of tuffs include approximately equal
quantlties of coarse graimed quartz and plagloclase with minor mafic
minerals and rock fragments, These are embedded in a fine~grained
sericite and chlorite~rich quartzo~feldspathic maérix (fig, 18).

Alteration of aome constituents 1s locally severe, Plagloclase
grains have been decalcified (An30_35};with the development of altera=~
tion sericite, epldote, carbonate and clay minerals (?), The primary
mafic constituents (hornblende?) have been altered to chlorite,

Lithic fragments of porphyritic dacite are major constituents in the
coarser phases (dacite lapilli tuffa), These fragments are highly
altered to aggregates of chlorite, sericite, epidote, and minor
éarbonate,

The matrix is composed of predominantly fine grained (< 0,1 mm)
quartz, plagloclase, sericite and chlorite, Epldote, :carbonate,
magnetite, leucoxene, sphene, clay minerals (?7) and volcanic glass

fragments are minor,



All gradations in particle sizes from ash to lapilli are common to
these dacitic pyroclastics, Blocks and bombs are constituents {in some
layers,

Quartz grains occur as euhedral to subhedral dipyramidal forms
with embayed surfaces, Straining and fracturing 18 characteristic of
most of these grains; separation along these fractures is rare, however,
Myrmekitic intergrowths are present but uncommon,

The coarse plagloclase grains are generally subhedral, Polysyn-
thetic albite and pericline twinning is common,

Bericite and chlorite aggregates display a subparallel preferred
orientation which in part defines a planar structure characteristic of
these racks., This structure in some areas represents a primary
depositional feature-~a bedding, Elsewhere it 1s the result of post«
alteration shearing, In these layers, aggregateé of alteration chlorite
and sericite (derived from lithic fragments) have been ''smeared out'
coincident with bedding plane slip,

In outcrop, the rock is friable and has a gross appearance of
weathered gnelssic granitic rock, The volcanic~clastic fabrics
(microscopically visible) and the Interbedded relationships of these
rocks with "graywackes'' and impure limestones indficate the origin,

Andesite tuffs,~--Pyroclastic beds of andesite lithic tuffs and
lapilli tuffs occur as massive and stratified layers associlated with
dacitic tuffs and as isolated pyroclastic successions in mainly the

unite of the McCallum Creek sequence,

29



30

Andesite lithic fragments, most of which are amygdaloidal,
predominate over plagloclase grains as the major constituents, Coum-
bined with minor pyroxene and other altered mafic grains (hornblende?),
these constituents are set In in fine grained matrix of devitrified
glase fragments and plagloclase along with minor quartz, Abundant
pennine chlorite, sericite, and epidote are principally alteration
producta of the primary lithic, mafic, and plagioclase (oligoclase-
andegine) fraction,

The lithic fragments are subangular to rounded and flattened
masses which are usually orilented parallel to bedding as are the con-
tained digcoild aggregates of chlorite., These features probably repre-
gent, at least in part, a post=depositional flattening of the particles,

Flows,~-The recognized flows consist dominantly of andesites,
mostly porphyritic and amygdaloldal, These rocks appear similar in
texture and mineralogy to the massive andesitic "s1lls'" described in
the following section,

One flow of basalt (labradorite, augite and minor olivine) was
found associated with the andesiltic volcanics (sector D~4(NC)), Basic
flows may be more prevalent than implied in the discussion since frag-
ments of these are common in many ''graywackes,® No dacitlc flows were
noted even though dacite pyroclastics are abundant in both sequences,

The typilcal andesite flow rocks centain altered plagloclase (Anss)
and subordinate hormblende phenocrysts (20% to 35%) embedded in an
aphanitic and partly vitric groundmass of plagioclase, hormblende,

glass, and magnetite, These primary constituents have been partially
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altered to sericite, epldote, clay (?7) (from plagioclase), and pennine,
epldote and magnetite (from mafic constituents), Augitic pyroxene is
a minor conetituent of some flows as is quartz in others,

Amygdules compose less than 20% of these flow rocks and contain
chlorite and commonly calcite and silica as fillings,

Atyplcal flows and flow phases are non-porphyritic and amygdule-
free but otherwdse 8imilar in mineralogy and fabric,

Phenocrysts of porphyritic flows grade from .5 mm to 2 mm (an
average maximum), These gralns are typically euhedral to subhedral
with plagioclase (decalcified andesine) displaying polysynthetic
twinning as well as normal zoning (defined in part by magnetite in-
clusion patterns (fig. 20).

Flow satructure, defined by the preferred oriemtation of lath shaped
phenocrysts and slight compositional variations, is characterisfiic of
gzones of some flows, Columnar jointing 1s weakly defined with most
flows, Other structural features (if present) and contact zones of
flowa are difficult to recognize in the field owning to the intense

alteration, fracturing, and weathering of most velcanic layers,
Petrogenesis

The history of post depositional modifications of these units is
éomplex. The determinations of origin and sequence of the diagenetic
events which have brought about the many changes in the mineralogy and
fabric of these rocks requires elaborate petrographic and stratigraphic
studies beyond this astudy., In general the processes of silicification,

chloritization, pyritization and other mineralization and replacement
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have been noted as being effective in modifying primary lithologies,
Whether these changes represent one or more cycles of deuteric, hydro-

thermal or regional metasomatic processes has not been determined,

Hypabyssal rocks

Many hypabyssal masses have intruded the metamorphic, plutomnic,
and Palasozoic sedimentary rock units in the area, Five separate occur-
rences are defined, Each of these display distinctive mineral composi=
tions,and petrogeneses, Those included can be classified as: (1) porphy~
ritic andesite, (2) porphyritic rhyolite, (3) basalt-gabbro, (4) alkall
gabbro, and (5) porphyritic dacite, Several other dike varieties
apparently unrelated to these five types have been recognized; however,
the fileld relationships of these as groups have not been adequately

determined,

Porphyritic andesite

Field occurrencs

This unit 1s volumetrically the most Important hypabyssal occurrence
in the area, These andesites are confined as sill~Iike intrusions into
rocks of the McCallum Creek and Ralnbow Mountain sequences, Although
these bodies have sill-like form when examined on a large mcale, each
mass exhibits local discordancies and small dike offshoots (fig. 28).
Several major "e8ills" (thicknesses varying to more than 1000 square feet)
and many minor "sills" (less than 200 feet thick) have been mapped (see

plate 1),
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It is possible that some of the thin, poorly defimed layers of
andesite indicated as being of hypabyssal origin are effusive instead,
All the major andesite bodies, however, display xenolithic layers and
dike like offshoots along both contact surfaces which indicate thelir
hypabyssal emplacement,

Petrography

Several alight variations in mineralogy and texture are noted among
the prophyritic andesites, The more typical andesite exhibits both
plagioclase (1 mm to 2 mm) and subordinate hornblende (1 mm to 3 mm),
as phenocrysts (modal 25% to 30%) set In an aphanitic groundmass of
primary plagieclase and mafic minerale (hornblende? and others) with
abundant secondary sericite, epidote, carbonate, and chlortte (fig, 21),
Quartz is minor or absent altogether.

The less typlcal andesite variations common to some "gills" ahow
differences in (1) the volume of phenocrysts, (2) the ratio of hornblende
to plagioclase in the phenocrysts, (3) the size of phenocrysts, and
(4) the occurrence of amygdules.

In the McCallum Creek sequence (sectors B-2(SW) and C-2(SE)) an
amygdaloidal andesite variety containing characteristically abundant
(modal 45%) large (to 4 mm) plagloclase phenocrysts, crops out with a
hornblende phenocrystal type as lithologies in a large, in part dis-
cordant, intrusion,

Several megascopic textural variations occur within the extensive
andesite occurrences which underlie much of the high ridge in the
eastern part of the area (sector A-3), Both phenocryst-rich

(plagloclase) and phenocryst-poor rocks are common, This highly



altered andesite probably composes more than one layer; several of
these may be flows, The intrusion of the granodiorite pluton hasa
statically metamorphosed a zone several hundred feet wide within
this andesite complex, The andesites have been recrystallized to
actinolite-epidote~-chlorite~albite rocks (greenstones), Igneous
textures are preserved,

The intensity of alteration varies within this general andesite
unit, The contact zones of individual bodies show generally the
greatest effects, The alteration assemblage of chlorite, epidote,
serfcite, and hematite causes a characteristic purplish green color
in hand specimens, Toward the interior of these intrusions less
intense alteration 1is apparent from the pale green color of these
rocks,

A broad transition zone of aundesite, rich in xenoliths (in
varying degrees of digestion), marks the contact zones of most of the
thicker ''8ills" (greater than 100 feet wlde), These 2ones average
10 to 20 feet in thickness in most "sills", and some are more than

200 feet wide,

Porphyritic rhyolite

Field occurrence

Parts of two ridges in sectors C-5 and D=5 are underlain by
porphyritic rhyolite (Bee plate 1), These occurrences, separated by

a coverad valley, are probably related, This dike=-like intrusion

pinches out to the west after attaining a maximum thickness of 500 feet,
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The intrusion(s) crosscuts rocks of the Rainbow Mountain sequence and
appears to be intruded by porphyritic andesite of the unit just
described,
Petrography

These rhyolites are characteristically porphyritic, Euhedral to
subhedral, quartz, and altered potassium feldspar phenocrysta (varying
1l e to 5 mm In size) are contained in a matrix of aphanitic to fine-
grain phaneritic potassium feldspar, quartz, some plagioclase, and
alteration sericite, epidote, carbonate, and clay minerals, Abundant
fine grain chlorite (from the alteration of pre-existing mafic comsti-

tuents) colors these rhyolites an anomalous dark green,

Basalt~gabbro

Field occurrence

Two occurrences of basalt-gabbro (diabase primarily) are dis-
tinguished, One consists of a single swarm of near vertical dikes
which cross cut all pre-Tertiary conglomerate rock units, Many of the
thickest of these (greater than 5 feet) are shdwn on the geologic map
(pl. 1). The dikes of the swarm which are subparallel in orientation
trend eastwest in the eastern part of the area and swing to & north-
western trend in the northern part of the area, Individual dikes are
relatively uniform in thicknesa and can be traced for several miles,
Most dikes are less than 10 feet wide.; however, several of thicknesses
greater than 100 feet were mapped,

The second and most unusual occurrence of diabase intrusives

cross cuts rocks of the McCallum Creek sequence in the southern part

a5
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of the area (see plate 1), In map view this occurrence consists of a
serles of small, approximately circular bodies with diameters varying
from 100 to 300 feet, These plug-like intrusions display more
intensely altered mineral assemblages than do the dikes of the swarm
but otherwise appear compositionally related to them,

No structural connection between these occurrences, hewever, was
established,
Petrography

The mineral compositions of these basalt~gabbro intrusives vary
slightly between bodies, A clinopyroxene and labradorite assemblage
is characteristic of most dikes. Augilte (commonly titaniferous) 1s
the common pyroxene, Pigeonite 18 locally a major constituent,
Another varlety of dike, a gabbro, contains hornblende and decalcified
andesine~labradorite as wmajor conatituents, All mafic constituents are
at leasat partially altered to chlorite, and feldspars are moderately
gsausseritized and weathered to clay minerals, An uncommon amphibole

(pale green hornblende) is altered to actinolite as well as chlorite.
Alkall Gabbro

Field occurrence

A few alkall gabbro dikes (less than 25 feet in thicknesas) intwsude
the Pre~Mississippian metamorphic rocks, These dikes are further
cross cut by the diabase dike swarm,

A compositionally similar but possibly unrelated dike intrudes a
porphyritic andesite hypabyssal (?7) body in the Bouthern part of the

area and crops out along lower McCallum Creek (sector B-1(NE)).
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Petrography

Thege dikes are distinguished in outcrop by a relatively high
specific gravity, a dark green color, and fine grained equigranular
texture,

Hornblende and subordinent (?) diopeidic pyroxene predominate over
plagloclase and interstitial potasaium feldspar and quartz a8 the major
mineral constituents, Biotite is 4 significant mineral in the dike
rocks of the northwestern occurrence, The mafic conatituents have been
chloritized, Feldspars are altersd to sericite, Plagioclase shows
additional alteration epldotb #nd carbonate, Grains of primary con-

stituents range up to 7 millimeters in slze,
Dacite

Field occurrence

Several small, isolated but apparently related, lensesg of por-
phyritic dacite crop out along major fault traces (faults "E," "F,"
and '"¥") 1in sectors B-3(8W and WC) (see plate 1), Thia relationship
suggests that these bodies were intruded along the zones of structural
weakness,
. Petrography

Plagioclase (An36+) and minor quartz occur as coarse (5 mm maxirmum)
subhedral phenocryste in a fine dark green groﬁndmaaa of primarily
feldspar, quartz, and chlorite, Locally potassium feldspar i1s included
ag a major phenocrysatal and groundmass constituent, Rocks of these

latter phases are best classified as rhyodacites,



The minor primary mafics, confined to the matrix, have been
thoroughly chloritized, Epidote (from plagioclase) and sericite (from
potassium feldspar) are additional alteration products of minor

abundance,
Other hypabyssal vrocks

Several thin (1l ft to 4 ft) dikes of light colored porphyritic
andesite cross cut the Ralnbow Mountain sequence and most of the
assoclated hypabyssal units, These bodies which appear to be randomly
oriented are unrelated to the major porphyritic andesite "sille" which
were lnjected earlier,

Other light colored dikes contain abundant altered potassium
feldspar in addition to major plagioclase and quartz as phenocrysts in
a comparable groundmass, These thin scattered intfusions appear to be

quartz latites,
Petrogenesis

These rocks were intruded following the deposition of the
Carboniferous sediments, The porphyritic andesite "gilla" were em=-
placed prior to the Mesozolc (?) orogeny which caused the major folding
of these sedimentary units, The principle dike units were injected con=~
;urrently with or following this orogeny, The intrusion of the
porphyritic rhyolite and porphyrite dacite dikes preceded that of the
diabage dike swarm. The rhyolites and/or dacites may be related to the

hornblende granodiorite pluton which appears to have been intruded
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during a correspounding geologlc perlod (Cretaceous), The relationships
of the alkall gabbro dikes to the orogenies folleowing the 'sill"
intrusion are unknown,

The leucocratic dikes (porphyritic andesite and quartz latites)
are among the latest of intrusions,

The summary of the geologic history (table 4) relates some of

these intrusions to other geologic events,

Plutonic rocks

General statement

Several granitic bodies representing one or more plutonic intrusions
are recognlzed within the Rainbow Mountain-Gulkana Glacler area:
(1) a mass of medium grained relatively fresh quartz diorite (the
Gulkana phase) underlies much of the floor of Gulkana Glacler,
(2) quartz diorite also crops out along the south side of Canwell
Glacier in sectors B-4, C-4, and C-5 (pl, 1), (3) north of the Denald
lineament and principally west of the Delta River another granitic
mass has been intruded, (4) a distinctive, highly altered quartz
diorite gnelss of probable plutonic origin crops out chiefly in a
linear pattern near the northern limlt of the map area in sectors C-5
and D-5, and (5) a granodiorite mass occuples muchlof the area just
east of the ridge of Rainbow Mountain,

No areal limits of any of these bodies have been examined in

detall nor are the relationships between them known, The quartz diorite



gneiss and the granodiorite mass are located in part within the study

area and are discussed In the following sections.

Quartz diorite gneiss

Field occurrence

Quartz diorite gnelss occurs in a northwest trending fault block
or wedge in sector C-5 and D-5 (see plate 1), Another faulted (?)
segment crops out in the canyon wall (sector D-5(C and NC)) for a
distance of one-half mile south of fault U (pla, 1 and 4), In the
latter occurrence the mass is partially capped (fault or unconformity)
by Pre~Mississippian metamorphic rocks,
Petrography

Andesine, quartz, hornblende, pennine chlorite, and clay (?)
minerals are major constituents in most of these gneilsases,

For the most part, the composition of the gneiss 1s narrowly quartz
dioritiec, Quartz poor (dioritic) phases occur locally, Plagioclase (in

slightly decalcified grains, An30_35) ls altered to epildote

(clinozolsite) carbonate and sericite, and highly weathered to clay (?)
minerals, Alteratlon and weathering products commonly constitute more
than 50 per cent of original plagloclase volume, Grains are inequi-
granular (1 mm to 3 mm), anhedral, and slightly elongate, Albite
twinning 18 preserved in many grains, Quartz has a similar habit and
grain slze variation, Leucocratlc constituents in many gnelsses are
distinectly serrated in form, The mafic minerals agsociated with the

dark components of the gneiss are alteration or retrograde products
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from the conversion of hornblende, These minerals include pennine
chlorite, pistacite, and minor actinolite, In some phases very little
primary hornblende is relict; elsewhere it is abundant, Apatite and
magnetite are common accessories, No potassium feldspar was observed
in this gneiss,

The following shows the variation in the mode of constituents for

five specimens,

mineral specimen number

(D (2) (3 (4) (%)

plagioclase 18 33 42 32 39
quartz 12 37 3 15 4
hornblende 20 - 2 1 5
epldote (pilstacite) 11 3 14 13 12
chlorite (pennine) 18 5 15 4 22
carbonate 3 3 2 5 6
sericite 11 4 4 8 7
clay (7)) mlnerals 6 14 17 10 4
accessories 1 1 1 2 1

The gneiss exhibits an equigranular xenoblastic texture, Follation
18 defined by the coarse ta fine, subparallel minerals which occur as
elongate anhedral (amoebold-like) grains (fig. 25). All mineral con-
gtituents have been affected by the cataclasls and partial recrystalli-
zation which have been responsible for the gneissic fabric, Composi-
tional layering (parallel to foliation) 18 pronounced in some gneisses,

In most phases, however, the gneiss is masaive,
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Petrogenesis

The narrow compositional limits over a fairly large area suggest
that the quartz diorite gneiss was derived from a preexisting igneous
mass,

Of a number of possible origina, two seem most likely;

1. A marginal portion of one of the Mesozoic quartz diorites
(e.g., Canwell phase, see figure 24) was deformed during or after
intrusion, Foliation banding, recrystallization and cataclasis would
then be products of this event, The apparent transition from direction-
less Canwell quartz dlorite to gneiss with just a few apparently small
displacements supports thls view (R. B. Forbes, personal communication),
as does the mineralogic simllarity of these bodies,

2, The quartz diorite intrusion and its metamorphism were both
pre-Mississippian events, perhaps related to the metamorphism of the
pre~Mississippian sediments., 7This view 1s supported by the observation
that: (1) there is an absence of deformed and schistose post-
Mississipplan sediments and igneous rocks in the area and (2) the
occurrence of quartz diorite gneiss of virtually identical composition
to the quartz diorite gneiss in question has been recognized in a
definitely pre-Mississippilan higher grade schist~gnelss-migmatite
complex located 4cwmiles farther to the east (D, M, Ragan, personal

‘communication),
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Hornblende granodiorite

Field occurrence

The granodiorite mass is intruded Into sediments, flows and spme
hypabyssal rocks of the Rainbow Mountain sequence,

The occurreuce 1s separated into two linear belts, R, B, Forbes
(personal communication) has mapped hornblende granodiorite in a
narrow belt along the southern margin of Canwell Glacier, (see pi, 1),
sectors B=9, B~5, and C-5, This belt is separated from the main occur-
rence of the granodiorite, sectors A3, B-3, and Be4, by a mass of
quartz diorite and dunite also mapped by Forbes,

To the west, the pluton has been faulted into contact with the
Rainbow Mountain sequence (along faults G and Y (pl, 4)). Intrusive
contacts are noted along the southeastern margin of the granodiorite,

The eastward limit of the granodiorite body has not been con-
clusively determined,

The granodiorite body forms fresh, sharp, light colored outcrops
and ylelds coarse blocky talus as a result of the uniform well developed
joint sets, Reddish 1iron oxidation ataining darkens the joint surfaces
of the rocks in zones adjacent to major faults,

Petrography

Only minor variations in mineralogy and texture oecur throughout
the mass of hornblende granodiorite, The major primary mineral conati~
tuents include andesine and quartz, Hornblende and potassium feldspar

are minor with zircon and magnetite as common accesgories,



A representative modal analysis shows:

plagloclase~andesine (decalcified An,,) with
alteration products (epidote, carbonate,
sericite and clay minerals) . . v & v o o o 5 « o o o 547
QUATEZ . & o 4w s o 5 s s s o e 5 e 8 8 s 6w s e e 4 b e s 34%
potassium feldspar-oxthoclase (7) with
gericite and clay minerals as
alteratlon ., o ¢ 4 4 s o s 4 0 o 4 0 s e 0 e 0 a6 4 . 6%
anphibole~hormblende, plus alteration chlorite,

epidote and blotite . , . & . & v 4« o s 4 o s . s 5%

accesgorles~zircon and magnetite

D ® 4 6 o 4 o & D 6 » o o 1.70

Andesine occurs in subhedral to anhedral grains which are
moderately to highly altered primarily to epldote and clay minerals and
minor carbonate and sericite, Grailns vary 1in size to a maximum of 5 mm,
Albite twinning is common and normally zoned plagioclase grains are
typlcal of some granodioriﬁe phases,

Most quartz grailns are uniquely coarse and equidimensional in form
but show irregular margins which identify the interstitial habit,

Other graing are small and amoeboid in form (fig, 23).

Potassium feldspars form anhedral to euhedral graius; the former
are interstitial, These grains have been highly sericitized,

The primary mafic constituents have been altered to chlorite,
epldote, end blotite in part., Relict hornblende grains are scattered
in subhedral aggregates, Accessory magnetite is primarily an

alteration product,
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Glomeroporphyritic masses of mafic mineral~rich aggregates are
typically ascattered throughout the intrusion, Many exhibit a diameter
of as much as 10 cm to 20 cm; however, most vary from 1 cm to 3 cam,
Xenolitha of andesitic and sedimentary rock composition derived from
the country rock are abundant along some intrusive contacts,

The granodiorite is readily distinguilshed in;the field from other
plutonic varileties by the nature of the coarse grained texture of

quartz and the relatively low color index (5-10),

Petrogenesls

A normal sequence of crystallization of the constituent minerals
18 indicated, The early crystallization of plagloclase was accompanied
in part by the development of the mafic constituents, More calcic
plagloclase grains crystallized inittally and were compounded by the
addition of progressively more albitic rims, Potassium feldspar
partially crystallized later to form fine euhedral-subhedral grains,
Quartz formed during the last stages of cryatallization as interstitial
masses, A late magmatic or pneumatolytic origin of some of the irre-
gular interstitiasl potassium feldepar 1s likely, A similar origin for
the albite rima of the andesine grains 1s possible, The post-magmatic
alteration of these rocks (probably deuteric, possibly hydrothermal) has
accounted for the development of the secondary wminerale, pennine chlorite,
sericite, epidote, carbonate, and clay (?) minerals,

The physical relationships of the hornblende granodiorite mass with
the Canwell phase or Gulkana phase of the quartz diorite have not been

established, The fabric and mineralogy within each of these bopdies
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varies little; no gradation from one to the other has been noted,
Although the apparent gimilaritles in gross chemlcal composition
suggest that these masses represent individual phases of one major
pluton, fleld evideuce supports the postulation that two separate and
distinct plutons exist,

It is probable that the granodiorite intrusion is middle to late
Cretaceous in age, This dating {8 based on: (1) correlation with
a slmilar granodiorite pluton occurring to the east which has been
dated as 105 million years (lead-alpha mechod), (2) relative age
with reapect to the local sequence of deformation, and (3) correlation

with regional orogenic movements,



STRATIGRAPHY AND PALLEONTOLOGY

Stratigraphy

Description

This section 1s confined to a discussion of the McCallum Creek an&
Rainbow Mountain sequences, The varlations in gross lithology and areal
distribution of these units are shown on plate 1,

Plate 3 {llustrates stratigraphic sections and general lithologic
descriptions of the McCallum Creek and Ralnbow Mountain sequences which
were complled from the geologlc map and atructﬁre gectiona, No detailed
sections were measured in the field and, therefore, all stratigraphic
thicknesses are approximate,

The McCallum Creek and Rainbow Mountaln sequences are similar in
terms of general lithology and structural style, There are, however,
differences in the sequence of strata and certaln structural aspects
and faunal content which give cause for the separation of units,

McCallum Creek sequence

The McCallum Creek sequence {8 separated by a major fault (I) into
two principle fault blocks (pl, 3), The lithologic and general amtrati=
graphic similarity of the lower 1000 feet of section from the southern
fault block, and the upper 1000 feet of the northern fault block suggests
the possible correlation of these intervals, If thia correlation is
correct, which seems likely, then the sequence displays a minimum

stratigraphic thickness of approximately 5600 feet (pl, 3),
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Rainbow Mountajin scquence

The Rainbow Mountain sequence {s transected by two major fault
sets (D-E-F and W=M) into three principle fault blocks, The strati-
graphy Iin each block has been determined, Correlation of the sections
between these blocks, however, has not been accomplished, Generaliged

stratigraphic columns for each block are shown in plate 3,
Paleotectonic setting

Payne (1951) indicates that much of southern Alaska, including the
present Alaska Range, was the site of the magmatic (eugeosynclinal)
portion of a major geosynclinal belt during late Paleozoic time, This
interpretation may or may not be supported by the present study of the
Rainbow Mountain area, Since the study area is relatively small and
extensive, regional correlations of units have not been made, an
interpretation of the major tectonic setting 18 reserved,

The thick sectiona of volcanic hgraywackee,“ tuffs, and flows that
characterize both the Rairnbow Mountain and the McCallum Creek sequences
indicate deposition in an active tectonic environment, It is also

evident that volcanic activity provided the chief source of materials,

The physical successton of rock types exposed in this area
appears to reflect cyclical tectonic and volcanic activity; represented
in the following stages:

1, wvolcanism with the extrusion of andesitic and dacitic flows and
accumulation of pyroclastig sediments,

2. erosion and partial rediastribution by currents and wave action

of volcanic debris to form thin bedded to massive 'graywackag,™
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3. recurrcent uplifts that resulted in slumping of sediments end
further redistribution of clastic matcrials, Deposition from turbidity
currents produced thick scquences of graded “graywackes,"

4, wolecanic quiescence and relative stability, during which thin
limestones accumulated,

A completed cycle usually shows 150 to 300 feet (average) of
deposits, Cycles of much thicker accumulation, howcver, do occur,

The sequence of the cycle was complicated by numercus local factors,
and interruptions and reversals of stages have been recognized locally,
It 18 clear that topography, proximity to volcanlc source, and depth of
water are among the factors that affected the areal distribution,
thickness, and vertical succession of deposits,

Well developed graded bedding suggests that much of the section was
deposited from turbidity currents, Oscillation ripple marks, mudecracks,
cross bedding, and similar sedimentary structures usually indicative of
shallow water are in genmeral absent, lowever, many layers are character-
ized by small scale deformational features such as slump and flowage
structures that apparently were formed penecontemporaneously,

Most tuffs and volcanic flows are interbedded with limestones and
appear to be of marine origin, but the posdibility of subareal accumu=-
lation of some of these deposits 18 recognized., WNo clear evidence that
would resolve this problem has been obtained,

A comprchenalve study of the scdimentary structures and physical

facles relations of rocks in the Rainbow Mountain area 1s needed for a



detalled {interpretation of the palecotectonlc setting, Combined with
bilostratigraphilc study, these data would ultimately permit reconstruc=

tion of the paleogeography of this part of Alaska,
Palecontology

Fossils were collected from 12 localitiles in the Rainbow Mountain
sequence and in the McCallum Creek sequence, Tossil localitles are

shown by plate 3, 1Identified fossils from each locality are listed

in table 2,
Age

Fossils indicate that rocks of both Mississippian (?) and Pennsyl-
vanian age are present in the Rainbow Mountain area, The designation
McCallum Creek sequence (Mississippian ?) and Rainbow Mountain sequence
(Pennsylvanian) 1s based primarily upon paleontologlical differences of
the two sequences,

A preliminary study of the fossdl invertebrates has heen made by
C. L, Rowett, paleontologist at the Unilmersity of Alaska, Rowett
noteg the- following:

A Pennaylvanian age is indicated fox the exposures at localitiles

P-1 and 3 through 9, The rocks at localitles F-1D and 11l are

pre~Pemnsylvanian and probably Mississippian 1in age,

In particular, the presence of Psecudoparalegoceras n, sp, and
Spirifer cf, S, rockymontanum at locality F-1 suggests that these
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strata are lower Pennsylvanian (pre-Desmoinesian) in age, Similarly,

the occurrence of the fuaillinids Wedekindellina? and Pusulinella?
at locality F-3 requires a post-Moryow, pre-Missouri age for these
strata, An unidentilfied Neolcoceratidian cephalopod and fusiform




TABLE 2., Fos53ils from McCallum Creek and Rainbow Mountaln sequences

Fauna Locality, F=-

1| 2] 3] 4)|5]|6 |7

Foraminifera:

Wedekindellina? sp, X
Yusulinella? sp. X

fusiform fusilinids, gcnus undet, X

Anthozoa

Aulophyllid coral, genus undet, X

Lithostrotionellid coral, genud undet, X | X

Bothrophyllum n, sap,

Cyathopsld coral, genus undet, X X | x
Amplexlzaphrentis n, s8p, X
Michelinia cf, M, referta Moore and Jeffords X
Cladochonus c£, C, texasengis Moore and Jeffords X
Brachiopoda
Schizophoria sp, X

Leptaecna ¢f, L, analoga (Phillips)

Schuchertella sp,

Composita sp. X
dietyoclostid brachiopod X
Linoproductus (sensu stricto) sp. X

Baxtonla sp,

Echinoconchus 8p. X

Buachythyris cf, B, subcardiformis (Hail)

Spirifer cf. S. rockymontanus Marcou X
Spirifer spp,. X X
Letorhynchusg cf, L, rockymontanus (Marcou) X
Gasatropoda: - '
Pleurotomariacian gastropod, genus undet, . X
Pclecypoda:
Aviculopecten sp, X

Cephalopoda:

Pseudoparalegoceras n, ap, X

Neoicoceratidian cephalopod, genus undet,

Trilobita:

Phillipsid trilobite, genus undet, X
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fusilinids from locality F-9 likewise suggest a lower Pennsylvanian
(post=Morrow) age, The overall aspect of the fauna corresponds
most nearly to Atokan faunas elsewhere,

It is notable that the fossil assemblage from locality F=-1 has no
counterpart at any other locality; this may be due to a slight
difference in age, or more probably, a lateral difference in the
environment of deposition,

The exposures at locality F-10 and 11 are pre=-Pennsylvanian in age,
Numerous specimens of Leptaena were collected at these localitiea,
These appear to be referable to L, analoga (Phillips) which 18 a
Migsissippian form. In addition, a single apecimen of Brachythyris
was collected at locality F-11 that appears to correspond strati-
graphically to the strata at locality F-10, This scanty evidence,
plus the absence of definitive Devonian forms, supports a tentative
assignment to the Mississipplan System,

Regarding the collection of fusilinids from localities F-3 and F=9,
H. E, Wheeler mtatest

Among these, only the fusilines appear to be diagnostiec, Only the
sub=family, Fusulininea appears to be represented; some appear
asgignable to Wedekingllina and some possibly to Fusulinella, The
abundance of these in the pre-Missourian Pennsylvanian, together
with the absence of more advanced forms strongly suggests that

the strata are either Des Moineslan or earlier Pennsylvanian,

Wheeler also infers a post-Morrowan age for these fauna in his discussion,

The fusiform fusilinids collected from locality F=2 are simflar in
external form to those from localitles F-3 and 9, However, only a few
poorly preserved Bpecimens were obt#ined. The distinctive "maroon"
limestone rubble at locality F-2 is believed to represent a landslide
maga derived from unit £ of the Rainbow Mountain sequence (fig, 36),
which 1s of similar lithology, On this baais, unit £ is tentatively
dated as Pennsylvanian, A Pennsylvanian age is also assigned, tenta=-
tively, to the remaining succession in this fault block on evidence of
the apparent conformity of the section with respect to unit £ and the

general similarities between these units in faunal aspect,
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Figure 10: Crumpled phyllite
from the Pre-Mississippian meta-
morphic rocks (specimen SCF/v/5).
Delicate intercalations of quart-
zo-feldspathic layers (qf) and
carbonaceous chlorite phyllite
show s-surfaces (s), s and s3j).
Plain light, X40.

Figure 12: Intrasparite from
the Rainbow Mountain sequence
(specimen 9-5-6). Poorly sorted
intraclasts (1) are cemented by

sparxy calcite. Crossed nicols,
X40.

3 S S

Figure 11: Finely layered im-
pure marble from the Pre-Miss-
issippian metamorphic rocks
(specimen 8CF/v/1-2). Alter-
nating quartz-albite-calcite
(¢) and carbonaceous chlorite-
sericite-quartz-albite (£)-
calcite layers define s3] with
foliation (52) subparallel.
Plain light, X40.

Figure 13: Feldspathic biomi~-
crite from the McCallum Creek
seguence (specimen 8-2-17).
Dominantly fossil fragments
(f) and other clastic grains
(plagioclase (f) and siltstone
(s)) are embedded in microcry-
stalline ooze (fine-grained,
dark). Plain light, X40.
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Figure 14: Typical stratified
giltstone and lithic sandstone
("graywacke") from McCallum

Creek sequence {specimen 8-2-15).

Volcanic rock fragments (v) pre-
dominate over plagioclase (f) in
poorly sorted sandstone layers,
Plain light, X40.

Figure 15: Feldspathiec sand-
stone ("graywacke") from Rain-
bow Mountain sequence (specimen
6-21-18). Poorly sorted sub-
angular (subhedral) plagioclase
(£f), gquartz (q) and sub rounded
volcanic rock fragments (v) are
volcanic derivatives. Crossed
nicols, X40.

Figure 16;
(lim@stone-volcanic "graywacke")
sandstone from the Rainbow Moun-

tain sequence (specimen 6~8-26-2).
Volcanic rock fragments (v), lime-

stone fragments, plagioclase and
quartz dominate the assemblage.
Plain light, X40.

A common transitional

Figure 17: As Figure 16;
plagioclase (£f), limestone
fragments (c) and quartz (q)
are indicated. Crossed nicols,
X40.



Figure 18: Dacite crystal tuff
from the Rainbow Mountain se-

quence (specimen 5-31-2). Eu-
hedral gquartz (q) and andesine

(f) are embedded in a fine chlor-

ite-rich ash matrix displaying
flow structure.

X40.

t " A
Typical amygdaloidal
(a) porphyritic andesite flow
rock from Rainbow Mountain se-
quence (specimen 8-14-1). Note
magnetite inclusion patterns in
zoned plagioclase. Plain light,
X40,

Crossed nicols,

Figure 19: Andesine liihic
tuff from McCallum Creek se-
quence (specimen 8-4-7). Flat-
tened amygdalocidal andesites
(v) occur with andesine (f)

in glass-rich matrix (g).

Plain light, X40.

Figure 21:

Typical porphyritic
andesite from "sill" in Rainbow
Mountain sequence (specimen 8-

8-1). Inclusion-rich andesine
(£) and minor hornblende (h)
phenocrysts are highly altered.
Plain light, X40.



Figure 22: Serpentinized ensta-
tite (e), olivine (o) peridotite
from dike in serpentinite com-

plex (specimen 6-22-10).
tine minerals (antigorite and

chrysotile) (s) are products from

primarily olivine alteration.
Plain light, X40.

Figure 24:
variation of quartz diorite
(Canwell phase) (specimen SCF 8-1).
Mode and texture of quartz (q)
and altered plagioclase (f) and
hornblende (h) appear similar to
those relict in the gneiss

Typical ccarse grain

(Fig. 25). Plain light, X40.

Serpen-

Figure 23: Typilcal texture
and mineralogy of hornblende
granodiorite from pluton
(specimen 7-26-12). Sauss-
uritized plagioclase (£f) and
chloritized (c) hornblende (h)
occur with interstitial quartz
and potassium feldspar. Plain
light, X40.

Figure 25:
diorite gneiss (specimen GDNS).
Foliation is weakly defined by
elongate plagioclase (f) and

Typical quartz

amoeboid quartz. Intense
weathering and alteration of
plagioclase is common. Plain
light, X40.



Future study

The need for further careful biostratigraphic study of this area
is apparent, Only a féw fossiliferous horizons have been collected,
and it 1s on this basis that much of the section in the Rainbow
Mountain area 18 tentatiyvely dated, Further collecting from the
McCallum Creek sequence as well ag atudy of the stratigraphy are also
required,

Most limestone beds within these units are fossiliferous to some
degree and, although the recovery of fossils is difficylt from silici=

fied zones, these layers should be examined in greater detall,
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Figure 26: Laminated to thinly bedded,
"maroon” (dark), silty limestone underlying
massive "graywacke" conglomerate; wunit f
of Rainbow Mountailn sequence.

P » T

lith-rich porphyritic andesite "sill" (right)
into "graywacke" siltstones-sandstones of
Rainbow Mountain sequence.

* ¥ k L~ Q':I** r

Figure 27: Highly fossiliferous clastic
limestone of Rainbow Mountain sequence
showing typical weathering and thick
bedded character,

-
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Figure 29: Massive "graywacke" pebble-
cobble conglomerate of the Rainbow Mountain

seguence near western margin of glacier
(sector B-3(WC)).



STRUCTURE

In this discussion continual reference 18 made to the structure
map, plate 4 (a foldout at the end of this chapter) and structure

sections, plate 2 (in pocket),

Folding

Pre~Mississippian metamorphic rocks

Units of the Pre~Mississipplan metamorphic rocks show a varlety of
megascopic and mlcroscopic structures, The microscople features have
been previously discussed in conjunction with the petrology of the
unit,

The Pre-Mississippiran metamorphic rocks are found in ‘three fault
blocks in the northwestern part of the area, These blocks are
geparated by two major vertical faults (T and U), both of which have
been active in post~metamophic times (see plate 4), The southernmost
fault block of the three blocka displays structures which are slightly
different from those of the two northern blocks,

Northern fault blocks

Deformation of the rocks in the northexrn fault blocks has been
more intense, Folds are isoclinal to sub~igoclinal and are upright to
alightly overturned to the north, TFold axes trend approximately
280 degrees (subparallel to the general trend of this segment of the
Alaska Rarge), Fold axes plunge steeply (30° to 70°) toward the

southwest to northweat,
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Folded sy (bedding) and subparallel follation 8, are cut at the
hinges of the folds by an axlal plane foliation (s3). Minor folds
(and corresponding follatlon 845) are well developed on the limbs of
the major folds,

A detalled examination of the geometry and size of the major
metamorphic structures of these rocks as well as those of the southern
fault block was not attempted largely because of the limilted exposures,
Several major folds, however, are believed to occur in the one~quarter
mile wide outcrop belt,

At several localities wurth to northeast trending lineation was
noted,

Southern fault blocks

Rock units of the southern fault blocks are more variable in
structure, Folds are generally open to subilsoclinal and are upright,
They trend approximately due north and plunge in this direction (30° or
less),

Compositional layering (sl) and subparallel foliation (52) gtrike
from 315 to 30 degrees, These surfaces have been folded, and
locally axial plane foliation 5q i3 developed Qhere shear fold diasloca=
tions have formed an incipient axilal plane schistosity, S typically

transects 92 and 83.

Metamorphic rocks of the Gulkana Glacier area
Schists, gneisses and magmatites crop out in the upper basin of

Gulkana Glacier (to the cast)(D, M, Ragan, personal communication),

There 18 no lithologic similarity between thecae rocks and those of the
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pre~Mississippian unit of the map area and the structural -relationships
between them are not known. TFoldas of the gneilsses trend 270 degrees
and show very little plunge, A prominent lineation parallels the trend

of fold axes,
Carboniferous sequences

The folding in the McCallum Creek and Rainbow Mountain sequence 1is
similar in general style and orlentation but differs slightly in certain
detailed aspects, Both units consilst of a series of dominantly north=
west trending subisoclinal to open anticlines and synclines (see plates
2 and 4), Folds in the McCallum Creek sequence, however, are typilcally
more tightly appressed and more numerous than are those in the Rainbow
Mountain sequence to the northwest, Subisoclinal folds are common in
the McCallum Creek sequence, These are generally averturned to the
southwest (pl, 2 and fig, 33),

Details of the McCallum Creek segquence

The McCallum Creek sequence, exposed in the southern part of the
area, consists structurally of five major subparallel folds which trend
310 degrees northwest, The traces of the axial planes are shown on
plate 4, Thess folde constitute a synclinorivm in which the central
fold (syncline III) is flanked to the northeast and southwest by
gyncline-anticline pairs (I-II and IV-V), Only syncline IIL can be
traced across the areaj the mmaller folds on the flanks of this syncline
aye discontinuous, The flanking folds are symmetrical and open as
exposed along McCallum Creek, Tracing northwest each pair becomes a

monocline before the flexure dies out completely (pl, 2), Along several
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segments, syncline-anticline T and II are subisoclinal and slightly
overturned to the southwest, Axial planes of all folds are commonly
vertical to inclined 70 degrees to the north,

Traced from southeast to northwest, syncline I1I varies from a
symmetyical subisoclinal to slightly asymmetric relatively open fold,

Although not examined in detail, slight culminations and depres=-
slons of several of these folds are apparent, In general plunges to
the southeast (less than 35°) are common, and plunges to the northwest
are less common and do not exceed 10 degrees,

Details of the Rainbow Mountain gequence

A number of major folds occur in the Rainbow Mountaln sequence,
but none can be correlated across several high angle faults which
cut the unit into three principle blocks, These blocks are referred
to as: (1) the south, (2) the north, and (3) the northwest blocks,
and are separated by fault sets D-E~F, and M-W, respectively (pl. 4).

The south fault block,-=Rocks in the lower plate of thrust

fault D~F are the most intensely deformed part of the unit, Here two
small anticlines (one-quarter mile apart) with an intarvening synclime
can be traced across the area from sector B-2(NC) toward the northwest
(shown on plate 4~-no symbol). These folde are open and upright to
slightly overturned with axial planes dipping northward (700). On the
limbs of these folds, several small, sharply crested folds are
developed (fig, 88). All of these folds die out along the strike, The
geametry of the northermmost anticline in the vicinity of fault 1

suggests superimposed drag folding,



The north fault block,--The rocks above thrust fault D-E are

monoclinal along much of the central Rainbow Bidge area, These south-
weat dipping beds appear to be the east limb of a major syncline (VX),
the trough of which {8 covered along the lower western flank of the
central ridge area,

In the northem Rainbow Ridge area the treough ia exposed in tinace
from sector C~4(C) to D=5(SE), The syncline here is open and symmetiri~
cal, PFurther.north the fold becomes asymmetric (axiusl plane dipping
as lew as 60° west) and plunge steepens from 5 to 45 degrees
(320° to 315° direction), Correspondingly, the syncline: broadena until

at the northern limit of the trace, sector D-5(SE), the fold is all but

completely flattened (fig, 40},

o T e L VERTeAL JEAK =
NORTUWERT By [t =l S e NOMILONTAL Bean

Cofagin ' )
€ (Town C~9

FAULTS H, N sno P ROT SHOWN

Fig, 40,--Geometry of major fold of Ralnbow Mountaln sequenca,
in northern fault block,
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The castern limb of the syncline (the monocline in part) contains
nuncrous minor folds subparallel to syneline VI (320°) and is discon-
tinuous, The most prominent exawples are located near the high peak
of Rainbow Mountain (sector C-4(SE)),

The northwest fault block,=~The structure of the northwestern

fault block (bounded by faults W and X) contrasts somewhat with the
style displayed in the other two fault blocks,

No major fold is believed to be present (see plate 2), Instead
the thick succession of units forms a dominantly high angle subparallel
trendiog structure which varies only In dip in the following manner,
Along the southern margins of the fault block in the wmapped area the
units are upright, strike 270 degrees and dip 35 degrees north (sector
D~4(SE)), Northward, the dip steepens to 90 degrees and strike swings
to 315 degrees, Still further north, the units are overturned (dipa
44° southwest), The only complication of this general structure occurs
in sector D~4(SE), where several smail sharp crested folds are developed-~

an anticline and syncline,

Faulting

The major faults which cyoss cut the map arca are shown in plate
4, structure map, The characteristics of these are summarized in
table 3,

The relationships of individual faults with: (1) other faulting,
(2) folding, (3) plutonic intrusion, and (4) hypabyssal intrusion,

indicate chat the faults of the area are grouped into systems which
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TABLE 3--Contimred

Classification Symbol

Approximate Attitude
Strike, Dip

Separation or Slip

__Remarks

H

Near vertical,
dip separation
faulrs (slip K

faults?)

3289, vertical (%)

306°, vertical (&)
3029, vertical ()

298%, vertical (%)

dip separation 20'~50",

north block dovn

dip separatiom 300’'-
400', north block down

dip separation unknown
north block down (?)

dip separation
(greater than 400")
probably, north block
down

minoer strike slip possible

only minor strike slip possible
major strike slip highly
unlikely

dominantly vertical but may

possibly have moderate strike
separation

Dip separation

L 3450, vertical (f) separation unknown evidence weak for dip slip
(less than 100'?),
south block down (7)
M 345° t, 70%F100 W, vertical separatiom major strike separation possible
unknown but not likely,
only apparent
Xormal separationm
faults (slip N 2989, vertical to
faults?) 80° s, dip separation 100'(H) only minor strike slip possible
0 659, 65° W, dip slip 25°

a minor strike slip is noted

(<5
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demonstrate relative age and tectonic setting, The sequence of tectonic
events 1n relatlon to other geologic events is outlined in the

following chapter (Geologic history).
Thrust faults

The earliest recognized Mesozalc (?) development consists of thoae
faults that are associated with the major cycle of folding, These
faults (A, B, C, D, E, and F) are thrust dip (?) faults,

A, B, and C are faults of minor displacement (less than 300 ft
thrust slip). Each is assoclated with the lower limb of a subisoclinal
to isoclinal fold overthrust to the southwest and can be related to an
anticline which has been overturned to the southwest (see plate 2).

Thrust faults E and F join to form thrust D to the west, Over-

thrusting of this set 1s probably toward the southwest with a combined

sepavation of most likely more than 7400 feet,
High angle faults

High angle faults can be subdivided into three groups based on
orientatlion and relative movement, These are: (1) dip slip (?)
faults of northwest strike, (2) strike slip (?) faults of dominantly
0 to 25 degrees strike, and (3) others,

Dip slip (2) faults of northwest strike

This group, consisting of dominantly dip slip faults, strikes
between 290 degrees and 320 degreea, Included in this group are faults
G, H, I, J, N, and probably ¥ and 2, Most of these faults are nearly

vertical, Faults H, I, J, and K belong to an en échelon ;group with the



64

northern blocks of each downthrown, laults G and Y are post-grano=-
diorite intrusion in age and probably represent one continuous fault
(mostly covered), All faults in this set cut folds of the earlier
deformation, This fault system is further cut or lantruded by: (1)
most hypabyssal units including at least the diabase dilke swarm and
the porphyritic dacite lenses and (2) the high angle faults of the
system striking O to 25 degrees,

Strike slip (2) fauits

The high angle (near vertical) faults of trend O to 25 deprees
digplay a prominent lateral componant of displacement and are believed
to be primarily strike slip faults, The similarity of trend and strike
movement on these faults (P, Q, R, and S§) auggests a single period of
movement, Faults R and S are probably scgments of the same fault,

Both left and right lateral slip (?) faults are represented in
this system, These faults offset folds and faults of the northwest
trending systems described previously and also offset dikes of the
diabase swarm,

Others

Fault T may belong to the strike glip system (above) since 1t
truncates dikes and several major faults of a north-northwest strike
(M, W, and probably L and X) and also subparallel faults P-5,
Furthermore, fault T 1s probably older than system P-S since T is
truncated by fault V which is also cut by U which is similarly offset
by fault R, Each of thecse could be primarily strike alip but only glip

of P=S is known,
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Several other faults (M, W, L, and X) do not readily relate to the
systems described above since the displacement is not known, These
faults occur in pairs M-W and L-¥, both of which are subparallel in
strike (approximately 345°), Only the fault planes of M and L are
exposed, They are high angle with a suggestion of vertical separation,
The structural discontinuity across fault W suggests a major displace-
ment for thig fault, The existence of fault W has not been conclusively
indicated,

Faults M and probably X are truncated by fault T which dates this
pair as pre-faulting (P, Q, R, and S§), "The relationship of faults
M and X to the dike swarm 18 not clear although the continuity of dikes

across the faulgé appears real, If this relationship ia true, then
faults M and W and perhaps L and X correlate with the dip slip (?)
faults of the northweat trend (H, I, J, etc,). Faults M-W and L-X
may also represent a separate system,

Manf faﬁlte of relatively small displacement (i,e,, less than
50 ft) occur in the area, These can usually be related to one of the
major fault systems described above in terms of styike and/or slip,
Only a few of these are shown on the geologlc map, One (fault 0) is
shoum on the structure map, The fault zone aand fault drag fold aspects
of this fault in outcrop are typical of those of most minor faulta
(fig, 37).

The Denali fault

The Denali fault underlies the prominent lineament defined by

Canwell Glacier along tlie northern margin of the map area, No observationa



were made that would directly indicate the direction or magnitude of
movement of this fault,

The sequence of fault movements of the Rainbow Mountain area,
however, suggest that a similar history of movement may relate to the
genesis of the Denall fault, 7Two secquential events are suggested:

1. The Denali fault subparallels the northwest dip slip (?)
fault system, This suggests that there may have been similar movement
(dip slip) on the Denali when these smaller faults were active,

2, Lateral slip faulting recognized in the Railnbow Mountain area
may indicate lateral slip (7) on the Denall fault, Several of the
north to northwest trending strike slip faults approximate the position
and movement of one of the possible second order wrench fault systems
of Moody and Hill (1959) which ideally develop secondary to a primary
wrench fault (the Denall fault in this case), Although right lateral
movcment is implied, much more work 1is required to confirm this since
there are anomalous movements indicated on some of these "secondary"
faults, In general, however, the fault patterns in the Rainbow
Mountaln area are not incompatible with right lateral slip movement

postulated by many for the Derali fault,
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Figure 30: Topography
and major unit contacts
of northwestern part of
map area; a view to the
west from sector C-5(NW).
SC=Serpentine complex,
QDG=Quartz diorite gneiss,
PMMR=Pre-Mississippian
metamorphic rocks.

————————————————

Figure 31: Outcrop of
Pre-Mississippian meta-
morphic rocks in canyon
wall near highway (sec-
tor D-5(EC)). Interlay-
ered phyllites (p) and
greenschists (g) are cut
by several serpentinite
dikes (s) .-

Figure 32: Crumpled
phyllites of the Pre-
Misslissippian metamor-
phic sequence.,




Figure 33: guzxacciinal folding (over-
turned to 457) in McCallum Creek sequence,
(sector B-2(NC & NW)): a view to the east.
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Figure 35: Typical outcrop form of porphyr-—
itic andesite "sills"; defined by well
developed joint sets.

Figure 34:

Creek seguence (sector B-2(NW));: a
view to the west.

Inrust fault B in McCallum

- -l
- ’f"" _
Figure 36: Major slump block and character-
istic topography of the Rainbow Mountain se-
gquence of "northwestern fault block" (west of
fault W); a view west from sector C-4(SC}.



Figure 38: Sharp synclinal flexure in
"graywackes" of the Rainbow Mountain
sequence near fault O (Fig. 37).

Scale

Figure 37: Fault O separating rocks
of the Rainbow Mountain seguence (sec-
tor B-2(NW)). The approximate vertical
separation is shown.

Figure 39: Uniformly dipping beds of "gray-
wackes" (foreground} and limestones (high peak)
along prominent strike ridge of Rainbow Moun-
tain seguence at headwall of cirgue in sector
B-3(sC).
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MINERALIZATION

Previously known deposits

Sulfide mineralization In the Rainbow Mountain area has been
known since the avrival of the earliest prospectors, The presence
of much of this mineralization is evident from the heavy residual of
{ron oxide stain which covers large surface areas of "Rainbow"
Mountain, Mining interests, concerned with copper mineralization, have
investigated many of these deposits,

Three different modes of mineralizatiAn have previously been
recognized -within the area, These are: (1) nickel-copper, aseocilated
with ultramafic intrusions, (2) quartz velns with copper, :lead, silver
end gold, and (3) disseminated sulfides (chiefly pyrite) in
sllicified volcanics and sedimentary rockasa,

Nickel and copper mineralization in ussociation with ultramafic
dikes was first dimcovered by Mr, Rollie Emerick of Delta Junetion,
Alaska, within the Serpentinite complex (sector D=5(EC)) .in the early
1950'a, Chalcopyrite~galena bearing quartz veins with values in gold
and silver have been previously known to outcrop in the canyon walls
(sector D=5(EC and SE)), These veins ecross cut pyroclaaticas,
"graywackes,' and limestones of the Rainbow Mountain sequence,

Deposits'of disseminated pyrite and other aulfides of posaibla
economic Importance occur in many areas of Ralnbow Mountain, Boma of
the most prominent of these are shown in sactora Ce4(C), C-4(WC),

B-3(SW), and B-3(SE), plate S,
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Many of the previously known mineral deposits have been studied
by geologists and mining engineers of the Alaska State Division of
Mines and Minerals, and the U. S, Burcau of Mines, This information
is readily available to the public from these agencies,

Minexal deposits representing significant discoveries made during

this investigatlion are discussed In the following section,

New discoveriles

These deposits can be subdivided on a basis of lithology-mineralogy
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(genesis inferred) into: (1) quartz veins, (2) mineralized conglomerate,

(3) silicified diorite~serpentinized peridotite, (4) silicified grano-
diorite, (5) mineralized greenstone and (6) dunite, The nature of

these is discussed below.
Quartz veins

Sulfide-bearing quartz velns have been discovered at 13 localities,
gshown on plate 5, The characteristies of these are listed in table 5,

The following assays for copper, lead, gold and silver were run by
Mr. I. W, Mitchell, Alaska State, Division of Mines and Minerals, on
speclmens collected from most of these veins (table 6),

Most of these vyeins strike from 325 to 360 degrees with a few
orientations in other directions, This strike approximates that of the
velns discovered earller by others in sector p-S, The common atrike
subparallels the major fault-jolnt set in the area, In addition, many
other barren veins of similar attitude cgt the Reinbow Mountain

sequence,
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TABLE §.--Llocation, distribution, and mineralogy of sulfide bearing quartz

velns,

Local~ Location Principal Ore

ity {(sector) minerxals Altitude
1 D-5(EC) Chalcopyrite 3559, 45° E,
galena
2 D~5(SE) Chalcopyrite 270°, 659 8,
3 D~4(NC) Ghalcopyrite irregular,
galena, pyrite, low~high
dunite angle
4 P-4 (WC) Chalcopyrite irregular,
pyrite near verti-
cal
5 C-4(SW) Chalcopyrite 355°
galena 70°-80° W,
6 C-3(EC) Chalcopyrite 330°, 55° &,
7 B-3(SW) Chalcopyrite N,~S.,
pyrite vertical
8 B-3(SW) Chalcopyrite 355°, 83° W.
galena, pyrite
9 B~3(SW) Pyrite 326%, verti-
chalcopyrite cal=-70%s, W,
10 B-2(NC) Chalcopyrite 20°, vert,
galena
11 B~2(EC) Chalcopyrite var, 343°-
459, near
vertical
12 B~3(SE) Chalcopyrite 270°9-340°,
pyrite, galena vertical
13 B-3(SE) Chalcopyrite 60°, 40° s,
pyrite

Remarks

several 2"~3" yeins in small
swarm

1.5' replacement zone border=
ing vein,

thin (< 6'"), discontinuous,
scatterad mineralization,

small veins, random orlenta=
tion, area of patchy azurite-
malachite stain,

6" velns with a few smaller
in subparallel set,

a swarm of subparallel veins
0.2'=1' in thickness, 10 in
number, mineralization in
some only, scattered in these

swarm 1n daclte intrusives
along thrust 1'-8' velns,
mineralization scattered,

two velna 2' in thickness,
geveral smaller, truncated by
fault to north,

mostly quartz veins (2') with
a caleite vein (3' to 6'),

along fault, several small
irregular velns, scattered min=-
eralization in these

a few 0.5'-1' veins near fault,
patchy mineralization,

an area of scattered concentra=-
tions of small veins,

Several 6" and wany smaller {r-
regular veins, Scattered
chalcopyrite and galena,



TABLE 6_.-~Assays of samples from quartz veins,

Percentage of Ounces per Ton

Lacality Copper Lead Gold Silver
1 1.6 = 1,7 2,0 -~ 2,1 Trace 2.4

3 0.2 - 0.3 0,4 ~ 0,5 Trace Trace
4 9.9 ~ 10,0 0.4 - 0,5 Trace Nil

5 3.99 Not analyzed 0,02 1,40

6 0.7 - 0.8 0,3 Trace Trace

8 0.3 = 0.4 0.5 ~ 0.6 Trace Trace
10 0.3 ~ 0.4 2,5 ~ 2,6 Trace 1.4
12 0.4 - 0,5 0.4 -~ 0,5 Trace Nil

South of fault J (In the McCallum Creek sequence) no mineralized
velns have been found nor are barren quartz veins common, Immediately
north of this fault and in most areas underlain by the Rainbow Mountain
sequence, veins (many mineralized) are common, The concentration of
quartz veins near the thrust set D, E, F, and a similar relationship
of veins to major fault W suggests that these faults may represent
the principle avenues of minerallzing solutions. It is possible also
that faults D and W are segments of the same fault,

Brecciated carbonate veina of simillar orientation and mineraliza-
tlon have been noted by R, B, Forhes in sectors B-4, C-5, and D=5,
Carbonate velns also occur at widely scattered localities along
Rainbow Ridge proper, Some of these have been found in association

with quartz veins,



Assays indicate that frec gold is contained in most velus

although it was not detected mecgascopically,

The following summary cites the discoverics and economlc obscerva=
tions made by R, B, Forbes and D, M, Ragan during recounalssance of the
Rainbow Mountain area in the vicinity of Canwell Glacler during parts
of the 1962 and 1963 field seasons, Several different associations of

mineralizativn were recognized,

Mlneralized conglomerate

One occurrence of mineralized graywacke~type conglomerate was
discovered near the base of an abrupt cauyon in sector D-5(SE) (see
plate 5)., This rock type of the Rainbow Mountain sequence is exposed
along sevexal hundred yards of this canyon; however, mineralization is
limited to a small body a few hundred square feet in area, Pyrite and
minor chalcopyrite are the Important sulfices, The typical oxidation
stain from the weathering of pyrite defines these mineralized bodies,
An assay of the mineralized conglomerate showed gold (0,12 ounces per

ton) and no silver,

Silicified diorite cut by ultramafic dikes

Two nickel-copper deposits (discovered by R, B, Forbes in 1962)
occur along a northwest trending fault controlled draw, one-quarter
mile south of Canwell Glacler (sector C-5(¢), pl, 5)., In the largest

showing, nickeliferous pyrrhotite and perhaps other complex nickel
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sulfide mineralization occurs in and 1s associated with a network of
serpentinized peridotite dikes, These cut silicified diorite in @
shear zone which is largely covered but can be roughly defined by a
mineralized zone measuring approximately 25 feet long and a& maximum of
three feet wide.

The second occurrence consists of lenses of pyrrhotite which are
expoged In a amall area 50 feet southwest of the largest showing,
The percentage of sulfide in each showing varies from approximately 20
per cent to greater than 50 per cent; these sulfides are disseminated
in massive aggregates closely assoclated with quartz, The following
assays by Mr, I, W, Mitchell, Alaska State, Division of Mines and

Minerals, were run on samples from these showings:

Parcentage of Ounces/Ton
Location Copper Nickel Gold
600 lul 0.4
northeast occurrence 1.9 1.5 Trace
2,0 1,2 Trace
southwest occurrence 1.1 6,6 0,04

Silicified granodiorite

Pyrite and minor arsenopyrite bearing, silicified granodiorite
oceurs in 1solated zones in the granodiorite pluton (sector B=4(EC))
(pl, 5)., These zones are marked by iron oxide stain derived from the
weathering of pyrite. Assays of the sulfide bearing granodiorite from

this location showed a trace of gold,
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This occurrence and otliers ol disseminated pyrite and in one
instance chalcopyrite in granodicrite (sector B~3(EC)) indicare that

sulfide deposits may be associated with the granodiorite intrusion,

Chalcopyrite and pyrite bearing grcenstone, (float)

Creenstone float containing chalcopyrite and pyrite is common in
the medial and east latcral moraines of the glacier located in sector
A4 (NC), An unsuccessful attempt to locate the source of this float
was made in the spring of 1963, The source 1s belleved to lie near the
graitodiorite~greenstone contact at the head of the cirque in the area

of sectar A-3(NC and W),
Danite

A bedy of dunite crops out in a one-half mile wide linear pattern
near and parallel to the Canwell Glacier (sectors B-4, B-5, and C-5
(see geologic map, pl, 1), Thilis mass is only slightly serpentinized,
Near the northern margin, however, small veinlets of cross fiber
chrysotile are common, No commercial occurrence of asbestos has been

"found, The dunite contains a trace of chromite, Samples submitted
for chemical and spectroscopic analysis by Bruce Thomas of the U. S.
Bureau of Mines, showed traces of nickel and cobalt,

A small basic igneous body (diorite-~gabbro?) crops out along the’
northern margin of the dunite, Much of this basic intrusion 1s covered,
and its relationships wirh the dunite are not clear, It containg
disseminated pyrrhotite at several localities and deserves further

Investipation,



Summary and recommendations

Mineralized quartz veins are found along Rainbow Mountain (in the
Rainbow Mountain sequence) for a distance of 7 miles south of the area
in which similar minerallzation has been previously recorded, Many
of these areas, such as those near faults D-E-~F, W and Y, merit
further examination,

The occurrence of disseminated pyrite, chalcopyrite and trace

gold in one conglomerate unit of the Rainbow Mountain sequence suggests

that similar values may be present in the other sulfide dissemination
deposits in this unit, These are exposed in many areas along Rainbow
Mountain, Many porphyritic andesite "si1lls' are also pyritized and
may reflect other more Important sulfides mineralization, These
deposits deserve further examination,

The nickel and copper mineralization associated with ultramafic
dikes and silicified diorite near Canwell Glacler may persist at depth
to the northwest under valley fill, These deposits also warrant
detailed investigation,

Some evidence suggests that sulfide mineralization may be at
least In part associated with the hornblende granodiorite Intrusion,
The contact zones of this pliton are probably worthy of further

prospecting.
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GEOLOGIC HISTORY

The sequence of events recorded in the Rainbow Mountain area can
be arranged in relative order as shown in table 4, The paleontologic
dating of several of these events 1is supplemented by regional correlation
to permit dating of the entire sequence,

The record of early Paleozoic as well as possible Pre-Cambrian
sedimentation and tectonlsm in the entire Alaska Range 18 not clear,

No rocks of Cambrian, Ordoviclan or Silurian age are recognlzed in the
eastern part of the range (Moffit, 1954). From the scarcity of lower
Devonian rocks in Alaska, Smith (1938) suggests that this was a time of
a major orogeny, Also, since middlé and upper Devonilan rocks are only
locally schistose and distinctly less metamorphosed than the earlier
rocks mapped in the eastern Alaska Range the postulation of a lower
Devonian orogeny ls supported,

From this evidence, the PrqrMisgissippian me tamorphic rocks probably
represent sediments deposited in pre-Devonian time and the deformation
may be dated as lower Devonian since the degree of deformation of this
unit does not compare with the rocks belleved metamorphosed during pre-
Devonian orogenies,

No definite ages are assigned to the cycles of deformation during
which the Carboniferous sequences were deformed, None of the 1lntrusions
which accompanied the tectonism in this area have been positively dated,
Ages of the movements, including the intrusions can, however, be postu=~

lated from correlation with known tectonic activity in the Alaska Range,

These correlatlons are based on the intensity, style and sequence of

movements,
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Moffit (1954) suggests in regard to the eastern Alaska Range that
"'Permian beds were folded and at least in places raised above the
sea,,,.followed by resubmergence in late Triassic time,”

Payne (1955) records instead that the first Mesozoic orogeny in-
volving the Alaska Range geosyncline, including the Nutzotin segment
to the east (fig. 9), occurred during late Jurassic time, He dates
the orogeny of the most intense Mesozolc folding and thrusting as mid-
Cretaceous (late Neocomlan-Aptian), The three major orogenies that
followed are dated as: (1) Turonian, (2) post~Paleocene, and (3)
post-Eocene,

Moffit (1954) postulates that the granitic plutons which intrude
the area of the eastern Alaska Range range in age from earlier than
late Upper Jurassic to Post~Eocene, One of these, a granodiorite, lies
approximately 50 miles east of the Rainbow Mountain area in the
Kuskuldana River area, This mass has been dated at 105 million years
(Matzko ct al,, 1958)., The simillarity in composition and structural
position between this mass and the granodiorite of the Rainbow Mountain
area suggests that the latter may also be of similar age, If this is
true then the hornblende granodlorite intrusion would correlate with
the Turonian orogeny, Thils is supported by field evidence,

In table 4, the episodes of deposition, orogeny, and intrusion in
the Rainbow Mountain area are correlated with the sequence of events

as recorded by Payne (1955) and others as noted above,



TABLL 6,--Cvologic higcory of Rainbow Mountaln arca,

Sequenca v
of
Evanes Event Age Remacks

17 Contloucd up) (ft] durlag glacial snd intorglacfdl |Quaternmary At Yeast throo mojor glaclations recorded in thiw aren, (Pewé 1953 and 1961},
otagea,

16 Uplife, titting and minor verctical bloek fsulring. |Poat=Eocene Tertiary medpmencs faulred (7) into contact with pre-Terciary units;
Tertyary deforwmation evident from minor fault{ng withio unit end common
norcheaat dip of 15°-20° (o Rainbow Hountailn area, In Culkana Glacler
area, a bxoad anticllne exists| a promineat fault ecprrates unf(c from
pre~Tertiary,

15 A continental deposirion of sands and gravel and Tertlary Dated from plant fossfle ap Eocena (Wohrhaftig, 1958) in central Alaska

organies (Tertiary conglomrrate ovnlt), (Eocena or Miocane?) | Range; may be ae young ag Mlocena according to some,

14 Intermittent high angle fauleing of dominantly Rarly Tertfaryw (7) - Meny faults related to probably the samn or consecutive orogenies; only a
lataral movamant. Cofncident latoral movement Quaternary (7) few ghow direction or movement (domlnantly latexal). All (7) offset or
along Donati fault pospible, truncacar (1) dinbnse dikes, (2) high angle, dominantly vertical norehwest

etriking syestem, and (3) fold etructurea of ovent ¥7, Orlentation aof fault
eyetem favovable in parr ag macondary wrench fault group (Moody and Hill,
1956) relaccd ro rheorotical right iateral movement on Denali foulr,
1) Intruaion of diabaso dike Bwarm. Late Cretaceous- Dikes cut or inrrude; (1) mlnoxalized quartz veins, (2) duclte lenvens,
esrly Terciary* (1) {3) high angle northwest striking faults, {4) hornbiende granodiorite,
(5) thrust faults and nseoclated folda, and (6) all major bedrock unite
in the orea.

12 Principle quart: vetn davelopment and mineralf~ Upper Crecaceous¥ (?) [ Mosc veina FLl) Fracturea parallol to major morthwest fault sygtem. Ome
eatlon, veln swarm cuto dacite lena along thrust (ault E,

11 Intrueion of dacita dikes. ' Upper Crotaceons Intrusion altong wajor £svlee ing ()) high angle northwest striking aet

(Tureniany* (1) and (2) rhrust eyscams D, E, and F,

10 Block faulttong} dominantly vertical movemant, Uppor Cretxceoua Faulls cur mafor folds in Carboniferous sequences, Granodioxire faulted

Similar movomene stong Damalil fault possible, {Turontan) (1) into contact with Carboniferons dcquecce along fault(s) subparallel ¢o
ayatrm, Movoment continues on suveral of those faulta fallowing dactte
i{ntnfon of f1l.

9 Intrusion of hornblende granodiorite pluton. Port-Aptisn and Pluton cutn fofded belt of fold-thrust arogany| poseibly late orogenic

pra~Turoniant (1) {of ovent 8) (later than pcak of foldlng).

8 Deformation, major foiding and thraat faulring; Mid~ocarly Cretacaous | FlraL recognizable daformation alnce depssitfen of Pennsylvanian sedi-
overturning and overthrugting of Carboniforgue (late Neocomlan- mears and andesice {ntrusion{ northesst-southwest tampreasfon; averturning
rocks, early Aptian}¥ (?) of folds and overthrueting toward the southwast; probably correlates

regionally with major conpressionnl (fold-thrust) orogeny of the Alaska
Range¥,

7 Intrusion of porphyriric andcaire “mtlls" (in Past-Missipsipp{an "8111s" fotrude only Cacbonifarous unfts, Pre-orogenic age indicated by
rocks of McCellum Creek and Rainhow Mountaln and pre-Cretaceoue pattern of hypabysgal layar (nvejvement in folding, aleo foldlng of #7
BaquUCnCEn. OIORENy moat Lntense whers andesices ave mlesing and none of the 1118 have been

controlled by structural wesknessea sa a vesule of #7. Lichologte
similariky of “sills" ro Penngylvanian volcanlcs suggests that sille may
ba Pennsylvanian alao.

[ Accumularion of mediments and volcanica (HeCallum | Mlesiseipplan (?) Doted from fossilg; HcCallum Creek passibly Pennsylvanian in park;

Creck and Rainbow Hountain mequences), and Penngylvanian Misalesipplan (7) sectlon tentsclve from fozsa{la; eequences aecparated by
foult; may be scrarigraphically conformable, however.

3 Synkinemac{c mecamorphism of eadiments and vol= Early Devonian (1) Dared pre-Carbontiferous because of non-metamorphic character of Carboni~
canfca (?) (Pre-Misalsalppian metamorphic ecquencel) feraua unf{te, Rarly Devonian believed to be time of mejor oropeny (Smith,
Algo cataclasle and partia} reeryaralllzacion of 1938); thie cvenr probably correlatlve; may be older ox concelvably
quartz dilorite of pluton (development of gnelss), later Devonian,

4 latruslon of uttramafic dikez and siils Lnto unite | Pre-Devontan (1) Gnefsa pooslbly formed jnartend durlng a loter orogeny from the deformation
of tha Pro-HM{assimsippian metomerphic rocka, of quartz diorite (Canwell phasze),

3 Intrusion of quarre diorite pluron (latar, guartz TreDevontian (1) Pea~wetamorphiem (cataclas{s) of unit and probably intruslon Lnto
diorite gnates). sedimencary unit of ‘evont #L,

2 Aceumulacion of sedimenta and volcanice (?) ProvDevonfan (1) Probably younger thaua pedimente of Birch Creck achist origin but may bo
(latex, Pre-Mtspiysipplan mecomorphic rocks), equivelent co theae or concelvably older,

1 One or more periods of metamovphiom; the develop- | Precambrian (1) May (nclude metnmorphigm of Pre-Hlsalesipplan mecamorphic racls--Bireh

ment of the: (1) Birch Greck schist (north of
Canwel) Glacler) and (2) schistm-gneisaes-
migmatites (Culkana Glacler cateh basin),

Creelt schfst~~dominantly quartz-mecovite schiat (Just north of glactier),
May be Paleozoic ia aga, ar poasibly Mesozolc: schista-gueipees-migmacicea
most likely Precawbriag,

Macing based {n pare on Payne (1955),




CONCLUSIONS

The Paleozoic~Mesozoic igneous and sedimentary rock units which
dominate the Rainbow Mountain area (south of the Denali fault) contrast
the Precambrian (?) Birch Creek schist which underlies much of the area
north of the fault,

The following major rock units occur within the study area:

1, Pre-Mississippian metamorphic rocks (low grade) include
phyllites, greenschists and marbles and occupy several fault blocks
marginal to the Denall fault, A concentration of ultramafic sills and
dikes definea the associated Serpentinite complex.

2, Mississippian (7) McCallum Creek and Pennsylvanian Rainbow
Mountain sequences are composed of graywacke-like detrital rocks,
andesitic and dacitic tuffs and volcanic breccigs, a few andesite flows
and subordinate fosglliferous limestomes, These have been dated from
paleontologic evidence. These sequences demonstrate a minimum total
thickness of 5600 feet and 8000 feet yespectively,

3., Separate systems of dikes and sills composed of: (1) andesite,
(2) rhyolite, (3) basalt-gabbro, (4) dacite, (5) alkali gabbro, and
geveral others cut most sedimentary and metamorphic rock unirs,

4, A pluton of hornblende granodiorite intrudes the Carboniferous
sedimentary rocks and andesites and may be related to the quartz diorite
(Canwell phase) mass which outcrops beyond the study area, A dunite
intrusion separates two occurrences of these granigic rocks,

5, Quartz diorite gnelss representing a sheared and partially
recrystallized pluton (?) 1is found in association with the Pre-

Missigsippian metamorphic rocks,
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At least four major and distinctive cycles of deformation are
recorded in the area:

1, The early or middle Paleozolc (?) synkinematic metamorphism of
the Pre-Mississippian metamorphic rocks has produced generally subiso=-
clinal to isoclinal folds of north to northwest trend and low grade
equilibrium mineral assemblages,

2, The first major deformation of strong intensity following
Pennsylvanian deposition and andesite sill inf§jrusion caused open to
subisoclinal folding and local overturning and overthrusting to the
southwest (structural trends northwest),

3, Vertical block faulting along subparallel faults trending
northwest followed the intrusion of the hornblende granodiorite plutonic
rocks,

4, High angle north to northwest trending system of lateral
slip (?7) faults succeeded the intrusion of the diabase dike swarm
and major quartz veln mineralization,

These last three cycles are probably late Mesozoic to early
Tertiary in age and may reflect corresponding movement on the Denali
fault, No further evidence was collected that might suggest the
direction or magnitude of movement on ‘‘the great fault,"

Sulfide mineralization, although sparse throughout the area, does
occur 1n several concentrations which warrant further investigation,
These are primarily nickel-copper deposits assoclated with ultramafic
dikes, Other deposits of possible economic importance are: (1) the
north to northwest trending copper-lead bearing quartz veins which cut

principally the Railnbow Mountain sequence and (2) disseminated sulfides
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in principally the rocks of the Rainbow Mountain sequence and assoctated

andesite 8i1lls and the granitic plutonic rocks,
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