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PRELIMINARY REPORT ON KIKIKTAT MOUNTAIN: A KLIPPE OF BASALTS, CHERTS, AND
CALCAREOUS ARKOSIC SEDIMENTS IN THE NORTHERN BROOKS RANGE, ALASKA

By 1
Diana Nelson Solie

INTRODUCTION

Kikiktat and West Kikiktat Mounrains, collectively known as Kikiktat
Mountain, on the west side of the Killik River on the north flank of the
Brooks Range, are an isolated pair of basalt-capped mountains in the Killik
River quadrangle. Interlayered shales and calcareous arkosic sandstone
together form an allochthonous klippe. This klippe is the uppermost of the
imbricated thrust sheets of the Brooks Range.

The tholeiitic basalts consist of plagioclase, clinopyroxene, opaques,
and alteration minerals, and are silica saturated to oversaturated. The
interlayered cherts are generally greyish and recrystallized. Correlation of
these basalts with ultramafic and mafic ophiolitic complexes elsewhere in the
Brooks Range Is tempting, but inconclusive based on available data. The
underlying sedimentary section contains interbedded shales and sandstones.
The sandstones are very calcareous and contain clagtic grains of quartz and
feldspar. Plant stem fragmentssand invertebrate microfossils are common in
the sandstones, and suggest a Paleozoic age for the sediments.

REGIONAL SETTING

Of the many thrust sheets that comprige the Brooks Range, the
scructurally uppermost tectonic package consists of an ophiolitic sequence of
ultramafics, cumulate gabbros, bagsalts and cherts. This sequence is thought
to have obducted from the south In Juro-Cretaceous times, over a minimum
distance of 120 km (Roeder and Mull, 1978). Two discrete terranes, one of
gabbro and dunite, the other of basalt, were stacked in inverse order during
obduction (Mull, 1982). The mafic volcanics and gabbros of the Angayucham
terrane Iin the southern Brooks Range, and several ophiolitic klippen (for
example, Siniktanneyak Mountain, Misheguk Mountain, and Avan Hills) in the
western Brooks Range, as well as the Christlan Complex in the eastern Brooks
Range, and the Innoko and Tozitna terranes and Rampart Group of the southern
Yukon and Koyukuk basinz have all been attributed to this obducted thrust
package (Dillon, 1985; Roeder and Mull, 1978). On the basis of stratigraphic
and structural setting, and composition of basalt and chert, it may be
possible to correlate the rocks of Kikiktat Mountain with the basaltic
portion of this ophiolitic thruat sheet. However, little data is available
with which to make definitive correlations.

FIELD OBSERVATIONS

Of the nearly 2,000 vertical ft of topographic relief of Kikiktat
Mountain, approximately 1,500 ft is comprised of basalt with scattered leuses
and discontinuous layers of chert. The basalt is dark green, locally
magnecic, has brownish-reddish weathered surfaces, is unfoliated and blocky,
1DGGS, 794 University Ave., Basement, Fairbanks, Alaska 99709.
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with extensive britrle fraccturing. In general, deformation has made
Individual flows indiscernible, though forms suggestive of pillows are not
uncommon. A well-exposed but inaccessible layer with columnar jointing is
visible on the eastern cliffs of West Kikiktat. There is an overall layered
pattern to the basalts, and intervals of chert indicate cthat the Kikiktat
basalts, and intervals of chert indicate that the Kikiktat basalts occurred
at least in part as oceanlc flows, No gabbros or ultramafics were seen in
the anit. The overall sense of layering in the mountain is in the form of a
synclinal warp.

One to 2 mm round bluish-greenish milky blebs occur in basalts locally,
especlally near chert horizons. These are interpreted as alteration
resulcing from flulds driven from the cherts upon eruption of the basalts.
Secondary minerals in fractures and veins are common; these include clear
euhedral quartz crystals up to 2 cm long, and pale green prehnite crystals in
aggregates 1 to 2 cm thick, and calcite. 1In several areas, maroon, black,
and green shaley horizons occur, with assoclated turquoise-blue cherty zones.
Rare tiny feldspar crystals and lithic fragments resembling lapilli suggest
that these are rtuffaceous layers between the basalt flows.

The cherts within the basalt unit are typilcally black to grey, but
green-grey, blue-grey, maroon, and turquoise-blue cherts are also present.
All tend to have a white-weathered surface. No chert horizon was seen to
extend uninterrupted for more than about 30 to 50 meters. This is probably
due to deformation within the unit during obduction. Broken nodules and
blocks of chert surrounded by basalt may be a result of disruption during
emplacement of the basalt flows. Elsewhere, folding of chert lenses and
intense shearing in surrounding basalt suggests that the cherts have been
structurally broken and deformed after the basalts cooled,

Deformation 18 predominantly brittle on Kikiktat Mountain. Intense
brittle fracture is prevalent in the basalts, with and without secondary
mineral infi{lling., Shear bands within basalts and cherts are thin (,5-2 mm),
with i1rregular crosscutting orientations. Mineral fibers across fractures
are bent, but not deformed, indicating growth in a changing stress field.
Some fault planes are filled with non-foliated cataclasite and reaction
minerals Iindicating fluid flux along the fault zone.

Below the basalts and cherts of Kikiktat and West Kikiktat Mountains is
a unit of shales and calcareous arkosic sandstone, which was measured to be
at leaat 30 meters thick. There 13 no evidence for faulting along the
contact between this unit and the overlying basalt. The uppermost sandstone
becomes silicified and grades into a chert at the contact; there is an
increase in iron oxide at the contact in both chert and basalt, and a dark
homogeneous margin in the basalt is probably an altered chill zone. A small
(1 ecm) clast of calc-sandstone was seen incorporated within the lower basalt,
probably plucked up when the basalt flowed over the sediments. Figure 3 is a
measured section of this unit, exposed in 'Dutweiller Canyon' on the western
slide of Kikiktat Mountain. The sandstones are grey, calcareous, fine- to
coarse- grained, with clasts of quartz and feldspar. Shaley rip-ups are
common, Upper surfaces of some beds are undulatory; plane and ripple
laminations, laminated cross-beds, starved ripples and burrows are all
features of the sandstone beds.



The shales are grey, fissile, and phyllitic near the structural bottom
of the unlt. Some shales are calcarecus; sandstone lenses and limestone
nodules are common. Abundant plant fragments occur in some sandstone beds.
Only plant stems of indecerminate age were found. Invertebrate fossils are
abundant in the calcareous sandstone layers.

Deformation of the calc-sandstone unit is characterized by small-scale
kink folding in the shales (wavelength about | cm), slip along bedding
planes - which is perhaps responsible for disruption of thin lensoild sand-
stones In the shaley layers, and by later brittle normal slip faults. De-
formation seems to increase toward the lower part of the unit, and though not
exposed, the lower contact of the sandstone-shale unit with underlying
basalts is probably a fault. Structurally beneath the sedimentary package
are more basalts and cherts. This lower section of basalt appears to be only
a few flows thick with well-developed slickensides between many of the
layers, suggesting structural repetition. Wherever exposed, the lower con-
tact of the lowermost basalt {3 faulted, supporting the interpretation of
Kikiktat Mountain as a thrust klippe. The klippe overlies Paleozolc sedi-
mentary rocks which are familiar from the loecal stratigraphy, including
interbedded black chert and limestone, and blue-grey chert. On West
Kikiktat, dark green conglomerate and sandstone with clasts of black and blue
chert occur between basalt layers. This layer is similar in appearance to
nearby Cretaceous conglomerates/ and 13 interpreted as a fault sliver within
the basalt sheet, though contact relations are not clear.

PETROGRAPHY AND ANALYTICAL DATA
Basalt

The Kikiktat basalts are modally quite uniform throughout the map area.
They consist primarily of plagioclase, clinopyroxene and opaques. Secondary
green micaceous alteration minerals (celadonite?) and titanite, some in
euhedral forms, suggest pseudomorphing of primary olivine. Other alteration
minerals include iron oxide, chlorite, biotite, calcite, sericite, epildote,
and opaque, The degree of alteration varies, with the freshest samples
having S1 percent secondary minerals, and the least fresh being nearly all
alteration minerals. No glass is recognizable in thin section. Results of
point counts of six thin sections (400 counts each) are shown in table 1, and
plotted in filgure 4. Average modal percentages are : 53 percent plagloclase
(predominantly labradorite), 37 percent augite, 0.05 percent opaques
(including magnetite, ilmenite(?), and pyrrhotite), and 0.05 percent possible
olivine pseudomorpha. The basalcs are aphanitic to fipne-grained, some with
phenocrysts of clinopyroxene and/or plagioclase up to about 5 mm. There is
no foliation; textures are generally intersertal. Major oxide analyses of
nine representative basalts from Kikiktat Mountain and two similar basalts
from a knob east of the Killik River are shown in Table 2, with accompanying
CIPW norm calculations for each sample. Four of the 1l samples are quartz
normative, cthe other seven are olivine normative; none are nepheline
normative. According to Yoder and Tilley's (1962) classification scheme, the
samples are tholeiites and olivine tholeiites. A variation diagram plotting
Na.O + K,0 versus S10. shows a spread in alkalies over a small range in 5102.
Us%ng the Macdonald and Katsura (1964) classification the samples span the
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tholeiite to alkali basalt fields. On a trilangular AFM diagram (fig 6), the
samples show a high relacive proportion of iron, typical of the tholeiitic
suite. Microprobe analyses of clinopyroxenes shows them to be typilcal
augltes, When pyroxene compositions are plotted on the discriminant diagrams
of Nisbet and Pearce (1977), chey fall within both the ocean floor basalt
field and the flelds representing pyroxemes from all tectonic settings,
making tectonic interpretation based on pyroxene composition ambiguous. The
possibility of alkali mobility in these basalts cannot be discounted due to
the presence of at least small amounts of alteration in all of the basalt
thin sections,

Calc-arkosic Sandstones

Thin sections of sandstone layers from the unit directly beneath the
basalts reveal clasts of quartz, alkall feldspar, plagioclase, opaque, up to
45 percent modal carbonate, and trace amounts of zircon, *biotite, twhite
mica, *chlorite, *titanite, and hematite, Small altered volcanic rock
fragments occur in some layers. Alkall feldspar grains include microcline
and perthite, subrounded, up to 3 mm diameter. Quartz is highly strained,
with extensive subgrain developmernt and recrystallization of some grains.
Plagioclase 1s present in variable amounts, and tends to be smaller than the
alkali feldspar grains. There 18 no metamorphic foliation evident in the
samples. Most sandy layers ceprftain invertebrate fossil fragments. These
include foraminifera, bryozoa, brachiocpods, trilobites, ostracods, and
pelmatozoan debris. Micritic f1lling withio bryozoa fragments indicates that
at least some of these fossils have been reworked.

DISCUSSION

The fossil assemblage present 1in the calc-arkosic sandstone unit
strongly suggests a late Paleozoic age for these sedimentsg, This 1s:
permissive evidence, though obviously not definitive, for correlation with
the Carboniferous Nuka Formation further west in the Brooks Range. The
similar-looking Nuka Formation, at its type locality at Nuka Ridge, consists
of quartz, alkali feldspar, calcite, opagques, *blotite, thornblende, *zircon,
*fossils. Source rocks for the clastic grains of the Nuka Formation and the
Kikiktat sediments are granites; the Kikiktat source was apparently a
subsolvus granice, probably containing biotite tmuscovite. The type Nuka
rocks appear to be derived from a hypersolvus granite (no calcic
plagloclase), containing blotite thornblende. Microcline from the latter
rocks has been dated by K-Ar at 1.2 - 1.8 Ba., (Tailleur, 1985).

The Kikiktat sediments were deposited in a Paleozoic marine setting,
probably continental shelf, perhaps continental slope. The overlying basalts
and cherts were also formed in a marine environment, although the occurrence
of columnar jointing suggests local subaerial cooling. The age of crystal-
lization of the Kikiktat basalts remains uncertain., Cretaceous K-Ar ages of
a similar allochthonous mafic complex to the west have been reported by Boak
and others (1985). Similar ages for corresponding metamorphic contact
aureoles lead the authors to the Interpretation that the K-Ar ages of the
Misheguk sequence gabbros and diorites represent resetting due to
post-igneous thermal metsamorphism. It seems clear at Kikiktat that the
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bagalts flowed over the arkosic sandstone and shales---the existence and
duration of any time hiatus is unknown.

The allochthonous nature of the sandstonershale and basalt:chert package
on Kikiktat Mountain 1s Indicated by faulted contacts of the lowermost
layers, The overall structural style is brittle deformation, with locally
extengive shear zones. The oceanic character of the basalts is evident by
the interlayering with chert. Whether these rocks are part of an ophiolite
sequence is not definitive, based on the limited assemblage present, but they
could conceivably be part of a dismembered ophiolite. Trace element data are
forthcoming with which to further characterize the Kikiktat Mountain basalts.
Correlation with other mafic bodies in the Brooks Range must await more
detailed structural, petrologic and chemical data of the various occurrences.
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Shale:Grey, locally orauge-wxing, calcarvous,
thin{lcm) fine-gr. calc ss lenses w/ripple
ard plane laminations. Dk. grey is nodules
scattered, up to Z0cm across., Striogers of
structureless light tan-wxing ls,

s:Calcareous, brown-wxing, med-grailned,Plant

'G;S?ggﬁgig!Non—calcareous, fisslile.
-JCale sandstone:Fine to med.-grained, fissile,
med—grey wxing, variable thickneas, Vertical

are calcareous, brown-wxiag w/plane parallel

§s beds digcontinucus along strike. Locally

phylittlc, con-calcaresus.
Grey fissile shale:5cill phyllltic as below.

Grey shale:Phylliitic. Calc.sandstone tenses up
to 1x2m, look tectonized. Folds in shale are
tight w/small wavelength.

sgive beds. H]
G?%&kFTEéQTS'gﬂnfe:%hin :s stringers, 1-3cm thlck,

lamipations, eome appear Lo be starved ripples.l

b

1

- asalC:Pyricic at vontact,

Chert:itirades Lo chert from layer below. Grey,

§s + Shale:5-1%m thick beds, more limey at Lop.

"] 5s:Convelutely laminated in 2 beds. Upper 30 cm bed

more trough cross-bedded, Med.-gr.,calcarevus,
browm-wxing, Thiuly laminated interval belween
beds.

Interbedded Shate & Ss:laminated crossbeds in ss,

may be starved crossbeds w/laminar flow above.
Burrows in 55 lamioatiom,lcem deep,wfeircular and

V cross-secliuns., Scattered ls nodules, Discoat Inuwe-
calc~ss beds up to 20 cm Lhick.

Ss:¥flne-gr.,laminated, calcareous, cross-bhoedded
S5:Mod.-scorfed, wed, to coarse-gr.,calcareous, minur

black shale, laminated, undulatory upper contact.

Shale:;Rubbley, grey.
ss:Abundanrt rip-ups. Pebbley channels. Bouma

~dSEQUENCES
Sﬁa+d55?ﬂgout equal amounts.2-}0cm beds.Calcareous.
Cross-bedded lamlnatlees, Crey, brown-wxing.

Ss:Graded from granele to med.-gr. clasts of g1z,
chert, feldspar. Slaley rip-ups. Massive beds.

: S§s:10cm, fine-gr., laminated, vodulatory tops
Shalefcalc ss: L-% cm beds,

NG5V, coarse to granule, fetid, med.grey, fairly
:ji-sorted.

Figure 3. Measured section of sedimentary section underlying Kikiktat Mountain basalts.
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Figure 4. Basalt modal point count data, plotted in terms of plutonic
claggification scheme (Streckeisen, 1973).
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Table 1. Point counts of 5 Kikiktat basalcs and 1| basalt (#166) from east of
K111ik River., 400 points counted per sample,

POINT COUNTS--KIKIKTAT BASALTS

Sample# 151 108 166 142 119 161
PLAG. 47 .23 58.5 49.25 54.25 568.25 52
CPX. 41.75 30.5 38.75 36.75 34 a8
OPAQUE 6 4.75 6.5 6.5 3.75 7
OLIVINE? 8 6.25 8.5 2.5 8 3
TOTAL % 100 100 100 100 100 100
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Table 3. Pyroxene analyses, Kikiktat Mountain basalts, XKillik River Quadrangle, Alaska. Electron
mlcroprobe, Va. Tech, amalyzed by D.N. Solie.

PYAGXENE AMALYSES

L RN B bhag BSrat g et jdy LY L YIT B0 b F PPy 5rf
502 51.23 53.22 52.15 5337 50.1¢% 51.87 52.12
floz 0.98 o.49 b7t 059 0 94 o.64 5]
A2035 1.¥% 2.04 355 2 34 1. 43 3,47 2.52
FEQ td 0} 7.61 4 090 4 64 9.68% 7.12 T.25
HRE 0.%4%3 a9.26 0.26 Q.22 9.21 a4, 22 0 21
HGa 14.72 18 94 17.23 ir.16 15.94 16 .54 16 .87
CAD i3.75 138.00 19.11% 18.30 -~ 17.51 19. 36 0 04
BAD 0.99 0.04 Q.44 0.as k.09 9.0 0.04
HAZG B.23 0.1% .22 a.23 8.24 0.24% D .22
X20 .02 €.01 g.01 0.0} 0.0l a.01 D.01
F 0.01 .02 .05 D.0? 1.04 1.0 b.0&
CL 4.0 .o 4.0 0.0 0.0 0.0 a.0
SUM 101.28 100.6é6 101,08 101,53 98.59 99.85% 99 .5%
-0= F+CL 0.0 a4 0.0 0.0 0.0 [N ) a.0
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Table 4. Plagioclase analyses, Kikiktat Mountain basalts, Killik River Quad-

rangle, Alaska.
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