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Foreword

This volume ofShort Notes on Alaska Geology 198%he
tenth volume in the series begun by the Alaska Division of
Geological & Geophysical Surveys (DGGS) in 1976. The
Short Noteseries was started as a vehicle in which to sum-
marize significant observations on Alaska geology that oth-
erwise might not find their way into accessible literature.
From the outset an effort has been made to attract the contri-
butions of geologists from the public, private, and academic
sectors of Alaska’s geologic community.

DGGS has a mandate to advance the knowledge of the ge-

STATE OF ALASKA ology of Alaska. Clearly, that task is too large to undertake
Tony Knowles,Governor alone. By working together, much more can be accom-
plished. I would like to reemphasize the inclusive nature of

DEPARTMENT OF this publication. | strongly encourage readers of this issue

NATURAL RESOURCES

: o to become participants in our next volume. In a very real
John T. ShivelyCommissioner

sense, th&Short Notesseries is a publication of Alaska’s

DIVISION OF GEOLOGICAL & entire geologic community.
GEOPHYSICAL SURVEYS ) o
Milton A. Wiltse Authors, as well as readers, benefit from contributions. The
State Geologist and Director publication process is an effective mechanism for clarify-

ing thoughts and eliciting focused comments and pertinent
insight from professional peers. Many of you have interest-
ing geologic stories to tell, and all of us would learn from
reading about your observations and insights. | know that
our colleagues in the private sector are working in areas
that are not on the near-term agendas of any government
agencies. Our colleagues in academia are pursuing specific
Alaska Division of Geological & problems that are outside the charter of either the private

Geophysical Surveys sector or government geologists.
Attn: Geologic Communications Section
794 University Avenue, Suite 200
Fairbanks, Alaska 99709-3645
http://wwwdggs.dnr.state.ak.us

Division of Geological & Geophysical Surveys
publications may be inspected at the following
locations. Address mail orders to the Fairbanks
office.

| believe that all those who have contributed to the present
issue as authors, reviewers, editors, and publication staff

dggspubs@dnr.state.ak.us can take a great deal of pride in the fact that they have in-

deed advanced the state of knowledge of the geology of

Department of Natural Resources Alaska. Those of us who are recipients of their work are in
Public Information Center their debt
3601 C Street, Suite 200 eir aebt.

Anchorage, Alaska 99510
Sincerely,

This publication, released by the Division of Geological . .

& Geophysical Surveys, was produced and printed in m 4 M%@
Fairbanks, Alaska by the University of Alaska Printing

Services, at a cost of $9.00 per copy. Publication is  Milton A. Wiltse

required by Alaska Statute 41, “to determine the poten- State Geologist and Director

tial of Alaskan land for production of metals, minerals,
fuels, and geothermal resources; the location and sup-
plies of groundwater and construction materials; the

potential geologic hazards to buildings, roads, bridges,

and other installations and structures; and shall conduct
such other surveys and investigations as will advance
knowledge of the geology of Alaska.”




Contents

Geochronologic investigations of magmatism and metamorphism within the Kigluaik Mountains
gneiss dome, Seward Peninsula, Alaska
Jeffrey M. Amato and James E. WIIGNT .......oooiiiiiiee e e e s e e s se e e e e s e snn e e e e enenee s 1

Composite standard correlation of the Mississippian-Pennsylvanian (Carboniferous) Lisburne Group
from Prudhoe Bay to the eastern Arctic National Wildlife Refuge, North Slope, Alaska
John F. Baesemann, Paul L. Brenckle, and Paul D. GruzIOViC ...........cceeiiiieiiiie e s ceemcmmeeoaes 23

Enigmatic source of oil from Chukchi Sea, northwestern Alaska
Arthur C. Banet and Thomas C. MOWALL .........eoiiiiiiiiiiie ittt sbb e e et e+ s 37

Emsian (late Early Devonian) fossils indicate a Siberian origin for the Farewell Terrane
(0] o= A =1 To [ =« SRR 53

Growth-position petrified trees overlying thick Nanushuk Group coal, Lili Creek,
Lookout Ridge Quadrangle, North Slope, Alaska
Paul L. Decker, Gregory C. Wilson, Arthur B. Watts, and David WOrK...........ccccevieeieiicien e e 63.

Paleotopographic control on deposition of the lower Kayak Shale, northern Franklin Mountains,
Brooks Range, Alaska
(D= Yo B I =T o PP RRUUPPOTPRTN 71

Cooling history of the Okpilak batholith, northeastern Brooks Range, as determined from
potassium-feldspar thermochronometry
Julie S. Paegle, Paul W. Layer, and ANAreWw W. WESL ........cccoiiiiiie i et e e e e s me e e nenes 87

First occurrence of a hadrosaur (Dinosauria) from the Matanuska Formation (Turonian) in the
Talkeetna Mountains of south-central Alaska
ANNe D. PasCh and KEVIN C. IMAY ......ccciiiiiiieiiiiiiie e it e s sttt e sttt e e st ee e e s et ee e e s e nes e s s 21t 99

Petrography of the Tingmerkpuk Sandstone (Neocomian), northwestern Brooks Range, Alaska:
A preliminary study
Rocky R. Reifenstuhl, Michael D. Wilson, and Charles G. MUll.............cccoooieeiiicee s e e 111

Lower to Middle Devonian (latest Emsian to earliest Eifelian) conodonts from the Alexander
Terrane, southeastern Alaska
Norman M. Savage and ConStanCe M. SOJA ......c.uueviiiiuiireeiiiieiee s i e e s ssee e e e s e e e s st e e e s snre e e e enneeeeeennnens 125

Preliminary petrography and provenance of six Lower Cretaceous sandstones, northwestern
Brooks Range, Alaska
Marwan A. Wartes and Rocky R. Reifenstuhl .............cceviiiiiii e e e L3

Previous Editions of Short Notes on Alaska GEOIOQY .......cc.ueeveiiuiriieiiiiee e s mmemmmm——— 141






GEOCHRONOLOGIC INVESTIGATIONS OF MAGMATISM AND
METAMORPHISM WITHIN THE KIGLUAIK MOUNTAINS
GNEISS DOME, SEWARD PENINSULA, ALASKA

by
Jeffrey M. Amato! and James E. Wright?2

ABSTRACT

Geologic mapping and detailed U-Pb geochronologic investigations with monazite and zircon have shown
that metamorphism and magmatism are spatially and temporally related in the Kigluaik gneiss dome,
exposed in the Kigluaik Mountains, Seward Peninsula, Alaska. Protolith ages from this high-grade
metamorphic culmination range from Late Proterozoic through Devonian based on existing fossil data and
new U-Pb zircon dates of 678 + 4 Ma and 555 + 15 Ma from orthogneiss within the metasedimentary
section. A pre-120 Ma blueschist-facies metamorphism that likely affected the entire crustal section was
followed by a thermal overprint that increased in metamorphic grade with structural depth from
subgreenschist facies to granulite facies. Limited magmatism occurred at ~110-105 Ma based on U-Pb
zircon dates from minor orthogneiss bodies, and these highly strained rocks indicate that significant
deformation was associated with the thermal overprint. The high-temperature overprint has a minimum
age of 91 Ma, based on U-Pb analyses of monazite from orthogneiss and metapelite and from pegmatite
derived from partial melting of metasedimentary rocks. Monazite dates of 94-98 Ma may reflect incomplete
resetting at 91 Ma. Extensive detailed U-Pb dating of zircon from the mafic root of the Kigluaik pluton
using conventional and step-wise HF dissolution techniques yielded a 90 + 1 Ma intrusive age, suggesting
that mantle-derived magmatism was the heat source for high-temperature metamorphism. Diabase dikes
cut the pluton, and similar dikes in the country rock intruded at B3a, based ofPAr/3°Ar dating of

biotite and hornblende.

INTRODUCTION

An integral part of the analysis of deformed highdetermine the spatial relationships between the pluton
grade gneiss terranes is understanding the tempamatl metamorphic rocks, and on U-Pb dating of zircon
relationships between magmatism and metamorphistm.determine the pluton emplacement ages. Because of
In the upper and upper middle crust, peak metamorphie high grade of metamorphism, we used U-Pb
temperatures are often low enough th%&r/3°Ar  techniques on monazite, an igneous and metamorphic
geochronologic techniques can accurately constrain tinéneral with a high closure temperature, to attempt to
timing of metamorphism and associated deformati@onstrain the peak metamorphic age. Tectonic models
(Foster and others, 1992). However, in the middle aadd a petrogenetic investigation of the Kigluaik pluton
lower crust, metamorphic temperatures can greatgn be found in Amato and others (1994), Amato (1995),
exceed the Ar closure temperatures for commamd Amato and Wright (1997).
metamorphic minerals such as mica or amphibole, and This paper summarizes U-Pb dating of Precambrian-
40Ar/3%Ar dates will give only a minimum age for peakCambrian orthogneisses, U-Pb dating of Cretaceous
metamorphism. Such is the case in the Kigluaik gneigsetamorphism in the gneiss dome, and a detailed step-
dome, a high-grade metamorphic culmination in theise HF dissolution U-Pb experiment on zircon from
Kigluaik Mountains, located on the Seward Peninsuthe Kigluaik pluton, which we conducted after the
of Alaska (fig. 1). This gneiss dome is cored by publication of our initial U-Pb results (Amato and others,
compositionally diverse granitoid pluton that may havé994). This experiment successfully yielded ages of
provided the heat necessary for upper-amphibolite fac@ystallization for a pluton that presented several
to granulite facies metamorphism, possibly above 750&@alytical difficulties because of the characteristics of
in this region (Lieberman, 1988). To test the hypothesis zircon population. We also includ@Ar/3°Ar data
that plutonism may have been a driving force fdrom the youngest magmatic event in the Kigluaik
metamorphism, we have relied on geologic mapping kdountains, the intrusion of a diabase dike swarm.

1Department of Geological and Environmental Sciences, Stanford University. Now at Department of Geology and Geophysitg,dfiniversi
Wisconsin, Madison, Wisconsin 53706.
2Department of Geology and Geophysics, Rice University, Houston, Texas 77001.
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Figure 1.Regional map showing the boundaries of the Late Cretaceous magmatic belt in the Russian Far East, Seward
Peninsula, and interior Alaska. Also shown are the major physiographic elements of northern Alaska. SP= Seward Peninsula,
YKB= Yukon-Koyukuk basin, RG= Ruby geanticline, YT= Yukon-Tanana upland.

GEOLOGIC BACKGROUND minerals found in the Nome Group provide evidence
for this high-pressure metamorphic event that likely
The Kigluaik Mountains gneiss dome is affected both the Nome and Kigluaik Groups. The first
metamorphic and structural culmination of uppemdetailed analysis of the age of the blueschist-facies event
amphibolite to granulite-facies paragneisses amdhs by Armstrong and others (1986), who used Rb-Sr
orthogneisses referred to as the Kigluaik Group (fig. Bochron and K-Ar ages of whole rock and white mica
(Moffit, 1913). The gneiss dome is cored by the Kigluailkkom Nome Group schists to conclude that the
pluton and flanked by the structurally higher (but lowefmaximum” of the high-pressure event was pre-160 Ma,
grade) Nome Group, which consists of quartzose aadd that the rocks reequilibrated during the time span
pelitic schist, marble, metabasite, and rare felsi60 to 100 Ma.
orthogneiss (Moffit, 1913; Till and Dumoulin, 1994).
Previous studies of the geology of the Kigluaik
Mountains include USGS reconnaissance mapping
(Brooks and others, 1901; Moffit, 1913; Hummel, 196Zigure 2.Simplified geologic and sample locality map of the
Sainsbury and others, 1972; Till and others, 1986), Kigluaik Mountains, after Amato (1995). Structural data
investigations of metamorphic conditions in the core of are omitted for clarity. The range forms a doubly plunging
the gneiss dome (Lieberman, 1988; Patrick and antiform or dome, with the dominant axis trending east-
Lieberman, 1988; Todd and Evans, 1993), and structural west. The Kigluaik pluton is exposed. primarily in the west
and geochronologic studies (Miller and others, 1992; Nalfof the dome. The Nome Group-Kigluaik Group contact
Amato and others, 1994 Amato, 1995). is at the biotite-in isograd. Key for U-Pb zircon geo-
R ’ ! chronology samples (see table 1 for exact location of all
Both the Kigluaik and Nome Groups have Late geqchronology samples, including U-Pb monazite
Proterozoic to Paleozoic protolith ages (Tilland Dumou- samples): 1 = 92.5A-139, 2 = 92.4A-120, 3 = 92.4A-119,
lin, 1994) and were metamorphosed to blueschist and 4 = 87AH-58, 5 = 90P12-5, 6 = SP90-6, 7 = 86SB69-1,
lower greenschist facies. Relict blueschist-facies 8 = 87SB65-5.
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A reevaluation of the age of blueschist-faciesnderlain by older, unfossiliferous metasedimentary
metamorphism in the Nome Group was reported mocks that may be Precambrian. Similarly, it was
Hannula (1993) and Hannula and McWilliams (1995assumed that the lack of fossils in the underlying
They extensively sampled Nome Group schists atkigluaik Group indicated Precambrian protoliths for the
variety of structural levels, including schists fronhigh-grade paragneisses. Till and others (1986)
localities reported in Armstrong and others (1986), arsimmarized fossil evidence that indicated that Cambrian
they used high-precisiofPAr/3°Ar techniques to date to Devonian carbonate rocks were present in the Nome
white mica. Samples from the upper part of the structu@toup on the western Seward Peninsula. Rb-Sr model
section yielded plateau ages of 116-125 Ma, which thdgtes from the Nome Group, where an inf#farfeSr
interpreted as the minimum age for high-pressufer the rocks is assumed and an age is calculated, fall
metamorphism. White mica from rocks at deepevithin the range 464 Ma to 538 Ma (Armstrong and
structural levels that were affected by Cretaceous higithers, 1986). Patrick and McClelland (1995) reported
temperature metamorphism vyielded disturbed spectiaPb zircon ages of 676 + 15 Ma and 681 + 3 Ma from
that ranged from 123 Ma to 334 Ma. Hannula artavo felsic orthogneiss bodies that intrude the Nome
McWilliams (1995) interpreted these old dates as tii&roup.
result of the incorporation of exceSar. The protoliths of the Kigluaik Group are thought to

Following the blueschist metamorphism, uppeibe about the same age as (or possibly older than) those
amphibolite-facies to granulite-facies metamorphisof the Nome Group based on lithologic similarities.
associated with the development of the gneiss domenker and others (1979) reported a Rb-Sr whole-rock
achieved peak conditions of 800-850°C and 8-10 kbi@ochron age of 735 Ma from a Kigluaik Group
(Moffit, 1913; Throckmorton and Hummel, 1979 paragneiss, which they interpreted to be the age of high-
Lieberman, 1988) and caused thermal overprinting tfmperature metamorphism. Armstrong and others
blueschist-facies rocks. Closely spaced Barrovian-ty(E986) reinterpreted this as a depositional age for the
isograds separating the Nome Group from the underlyikggluaik Group protoliths, but cautioned that Rb and Sr
Kigluaik Group indicate a high metamorphic fieldnobility during metamorphism likely introduced
gradient, which was originally interpreted as the resugdignificant uncertainty. A Rb-Sr whole-rock isochron
of a static, high-temperature overprint associated witlate of 335 Ma from orthogneisses within both the Nome
the relaxation of isotherms following blueschist-facieGroup and Kigluaik Group was interpreted as the result
metamorphism (Lieberman, 1988; Patrick and Evarsf partial resetting of Precambrian ages during
1989). Other workers, however, have suggested tl@etaceous metamorphism (Bunker and others, 1979).
extensional deformation associated with unroofing of
the gneiss dome was responsible in part for telescopEW U-PB ZIRCON DATA FROM

the crustal section and collapsing the isograds (Mi”WRECAMBRIAN-PALEOZO|C
and others, 1992). The dominant foliation and |ayerir@RTHOGNEISSES

within the Kigluaik Group defines an east-west-trending;,

doubly plunging arch that is cored by the Kigluaik pluton To obtain a minimum age of the protoliths of the
in the western half of the range and cut by a swarmbme Group and the Kigluaik Group, we dated an
northeast-striking diabase dikes (fig. 2). Amato ansithogneiss from each. In the Nome Group we dated
others (1994) proposed that mafic magmatism, reptiree fractions of zircon from a felsic orthogneiss that
sented by gabbro and diorite in the root of the Kigluad¢ops out near Salmon Lake (sample 87SB65-5; tables
pluton, was the heat source for Late Cretaceous 2; figs. 2, 3). Two of the fractions are highly

metamorphism. discordant, and the third fraction, which was leached in
HF, is nearly concordant. Together, the three fractions
PROTOLITH AGES FOR define a highly linear array with an upper concordia
METAMORPHIC ROCKS intercept of 678 + 4 Ma and a lower concordia intercept
of 92 + 6 Ma. We interpret the upper intercept as the age
PREVIOUS WORK

of the protolith of the orthogneiss. This age is analytically
The protoliths for the Nome Group and Kigluaikndistinguishable from the ~680 Ma ages obtained by
Group initially were thought to be Precambrian, basdthtrick and McClelland (1995), and is further evidence
on the degree of metamorphism and the lack of fosdits the presence of Precambrian rocks within the Nome
(Moffit, 1913). Later maps used the notatiofisroup. The lower intercept is evidence of disturbance
“Paleozoic(?)” (Hummel, 1962), but Sainsbury (1969juring Cretaceous metamorphism.
noted that Early Ordovician fossiliferous limestones in The Kigluaik Group contains larger and more
the Nome Group of western Seward Peninsula weremerous orthogneiss bodies than does the Nome
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Table 1.Geochronology sample locations

AGE OF HIGH-TEMPERATURE
METAMORPHISM

Sample Latitude (N) Longitude (W)

87AH-58 64° 56' 00" 165° 44' 15"  PREVIOUS WORK

87SB65-5 64° 54' 27" 165° 06' 24"

89SB69-1 64° 56' 49" 165° 15' 26" Although Bunker and others (1979) interpreted the
89SLMC-42 64° 56' 36" 166° 05' 23" 735 Ma isochron from Kigluaik Group paragneiss as
89SLMC-51 64° 51' 59" 166° 00' 16"  the age of high-temperature metamorphism, it is now
89SMC-27 64° 55’ 25" 166° 05" 16"  gpparent that this event occurred during the Cretaceous.
90P12-5 64° 55 42" 165°31'59"  K-Ar dates of biotite and hornblende from paragneiss,
90P8-4c 64° 5? OZ 165° 29 3% orthogneiss, and amphibolite reported by Turner and
90P8-9 64° 54' 29 165° 27' 35

91G-42 64° 59' 30" 165° 43' 47" Swanson (1981) range from 2_31 +2 Mato .87 + 3 Ma.
92 1A-9b 65° 01" 36" 165° 36' 21" K-Ar analyses of “mafic gneiss” by Sturnick (1984)
92.2A-26b 64° 53' 41" 165° 35' 03  Yielded 84-85 Ma dates. Calvert (1992) dated hornblende
92.2A-38 64° 53' 45" 165° 37' 45* from an amphibolite within the Kigluaik Group using
92.2A-39c 64° 53' 55" 165° 37' 29"  4Ar/3°Ar techniques. He obtained a plateau date of
92.2A-40 64° 55' 00" 165°37'19" 86 + 1 Ma (Calvert, 1992). Because the closure
92.2A-57 64° 54’ 33" 165° 33' 57" temperature of hornblende to Ar diffusion is thought to
gg-iﬁ'ﬁi gj: gg jﬁ:: 122 gg: gg:: be 550°C and the peak metamorphic temperatures were
97 4A-119 64° 57" 14" 165° 46' 26" about 700—890 C, this date must be a minimum for peak
92.4A-120 64° 56' 09" 165° 4g 05»  Metamorphism.

oo i3 S o 1S 2232 NEW U-PB MONAZITE DATA FROM

92.5A-139 65° 00' 26" 165° 54' 44°  ORTHOGNEISS, METAPELITE, AND

92.NA-106 65° 00' 30" 164° 49' 55"  PEGMATITE

92.SP-4 64° 56' 43" 166° 08' 39"

92.SP-5 64° 56' 28" 166° 08' 12" To more tightly constrain the age of peak

metamorphism, we collected numerous samples of
orthogneiss, metapelite, and pegmatite for U-Pb dating
of monazite. Monazite is a common accessory mineral
in metamorphic rocks of staurolite grade or higher, and

Group; the largest of these is the Thompson Crei& closure temperature for the diffusion of Pb is about
orthogneiss (Till, 1980), which is compositionally725 £ 25°C (Parrish, 1990). Samples from staurolite-
variable and highly strained. Crosscutting relationshigsade rocks, which reached maximum temperatures of
indicate that it was originally an intrusive body. We600°C, should therefore record the age of peak
obtained five U-Pb zircon dates from two rocks withimetamorphism. Unfortunately, all the staurolite-grade
this unit, all of which are highly discordant (table 2samples were barren of monazite. Of the 20 metapelitic
fig. 4). A chord through three analyses of zircon fromocks collected from levels deeper than the staurolite-in
sample 87SB69-1 has an upper intercept of 555 + B®grad, only six contained monazite. All four of the
Ma and a poorly defined lower intercept of Cretaceopegmatite separates yielded abundant monazite, and it
age. Two analyses from a separate locality within teas found in seven splits from orthogneiss bodies in
main orthogneiss body also lie on this chord. It ithe core of the range. Because the rocks that contained
interesting that all three orthogneisses from the Nom@nazite may have been heated to ~700°C or higher
Group are ~680 Ma, and that the orthogneiss within tflseberman, 1988), the possibility remains that the U-
Kigluaik Group, which underwent both the low and higPb dates obtained may reflect cooling from peak
temperature metamorphic events, yields a younger atgmperatures that were attained at an earlier time. All
This raises the possibility of a multistage lead-logbe monazite data are reversely discordant on a U-Pb
history, which might lower the age of the high-gradeoncordia plot (fig. 5), most likely as the result of the
Thompson Creek orthogneiss. However, given that @licorporation of?23°Th during crystallization (e.g.,
five analyses from both samples lie on a well-defingsichéarer, 1984; Parrish, 1990).

chord, we interpret the upper intercept of 555 + 15 Ma Ten analyses of monazite were obtained from seven
as the intrusive age of this body. Regardless of the acts@inples of granitic orthogneiss (table 3, fig. 5). Sample
protolith age, these data indicate that this orthogne®2.5A-139, from a small, highly deformed granitic
body is not representative of the earlier Cretaceoaghogneiss from the northern part of the range, is
magmatic history in the Kigluaik Mountains. compositionally and texturally similar to the Thompson
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Creek orthogneiss; it yielded?¥Pb23°U date of 96
Ma. Three of the samples (90P8-4c, 92.2A-38,
92.2A-39c) were taken from the main body of the
Thompson Creek orthogneiss, in the southern part
of the range. Thes®Pb23%U dates range from
98 Ma to 94 Ma. The other three samples (91G-42,
92.4A-132a, 92.4A-132b) were taken from the
northern limb of the gneiss dome and may be from
the same intrusion as the Thompson Creek
orthogneiss (fig. 2). Three of the analyses cluster
around 91 Ma, but another analysis (92.4A-132a)
from the same outcrop as 92.4A-132b yields a
207Pp 235y date of 94 Ma.

Taken together, the orthogneiss data are complex
and difficult to interpret unambiguously. Where two
size fractions were analyzed from the same sample,
the finer grained fraction yielded the younger date.
None of the®"Pb23%U dates are younger than 91 Ma,
indicating that 91 Ma is the age of cooling of the
complex through the closure temperature of ~725°C.
The older dates from monazite in the orthogneiss

Figure 3.U-Pb concordia plot showing three analyses of zircormay reflect incomplete resetting of accessory

from an orthogneiss in the Nome Group near Salmon Lakenonazite from the Precambrian-Cambrian igneous
We interpret the upper intercept of 678 + 4 Ma as the intrusiv rotolith. The monazite dates of 91 Ma are all from

age for this body. MSWD = mean standard weighte

deviation.
0074 1 I i [ I I i l I l 1 [ 1 l i
- 206Pb  Zircon
238y 440
0.070 —

Intercepts  at

|_ 555 £ 15 and41 + 32 Ma
(MSWD=1.7)

Using data from

898B69-1 only
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207Ppy23s
| I I
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J 90P12-5 | |

0.40

0.44

0.48

0.52

0.56

Figure 4.U-Pb concordia plot showing five analyses of zirco
from the Thompson Creek orthogneiss. The upper interc
is about 555 + 15 Ma, and the lower intercept is poorly

he orthogneiss in the northern part of the range;
moreover, they are also closest to the Kigluaik pluton.
The monazite from the biotite-rich 92.4A-132a
sample that yielded the only older (94 Ma) date in
the northern part of the range may have a slightly
different composition. Further work needs to be done
to determine the relationship between monazite age,
composition, and structural position.

The monazite analyses from metapelitic rocks are
generally more concordant than those from the
orthogneiss (fig. 5). Seven of the fractions from five
rocks collected from throughout the range yield dates
between 89 Ma and 92 Ma, overlapping with the
207pp 235 dates from the some of the younger dates
from the orthogneiss. Two fractions of monazite from
metapelite collected from the deepest structural levels
yielded dates of 95 Ma and 96 Ma. Again, finer
grained fractions yielded younger dates.

The pegmatite dikes and lenses found within the
Kigluaik Group were derived from partial melting
of metapelite during high-temperature meta-
morphism, an interpretation based on Nd and Sr
isotopic data (Amato and Wright, in press). Four of
the five fractions of pegmatite yieldéd’Pb23U
dates of 90-91 Ma, whereas the finest fraction

gp<t75 pum) is 86 Ma (fig. 5; table 3).

We believe that because the pegmatite formed

defined. The chord shown was drawn by using the data frfifing peak metamorphism, the clustering of
89SB69-1 only. If all five points are used, the upper intercepionazite dates from pegmatite at 90-91 Ma makes
remains 555 + 15 Ma, with a MSWD of 0.56.

the strongest case for peak metamorphism at or
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Figure 5.U-Pb concordia plot showing analyses of monazite from orthogneiss, metapelite, and pegmatite. Clustering of dates
around 91 Ma indicates cooling through monazite closure temperature of ~725 °C. Older dates are interpreted as incomplete
resetting of detrital and igneous monazite from metapelite and orthogneiss.

slightly older than 91 Ma. The clustering of ages froms their age was critical in determining the relationship
monazite from all three rock types at or near 91 Ma aafimagmatism to metamorphism.

the scarcity of ages younger than 90 Ma further

strengthens this interpretation. The older dates fradRETACEOUS ORTHOGNEISSES

orthogneiss and metapelite may related to inheritance,

or possibly they are an indication of a slightly earlidPREvious WoRrk

high-temperature metamorphic history of the gneiss In addition to the many older orthogneisses in the
dome, as might be suggested by the ~105-110 Ma alfégiuaik Mountains, there are at least two of Cretaceous
from orthogneiss. We interpret the age of 91 Ma a&ge. One is a garnet-bearing granitic orthogneiss that was
approximating the attainment of peak temperaturesiirierpreted as being derived from partial melting of

the range. metasedimentary rocks (Amato and others, 1994). Three
zircon fractions were analyzed and all are significantly
AGE OF MAGMATISM discordant. The data collectively lie on a chord with a lower

concordia intercept of 105 + 3 Ma and a poorly defined Late
The Cretaceous igneous rocks of the Kigluaik gneigsoterozoic upper concordia intercept (Amato and others,
dome can be divided into three groups: (a) orthogneiss&894). This unit is fully involved in the deformation and
(b) the undeformed Kigluaik pluton and related dikesissociated metamorphism and corroborates field evidence
and (c) a diabase dike swarm. The emphasis of this stilagt much of the high-temperature metamorphic fabric in
was dating the undeformed Cretaceous intrusive rockd gneiss dome formed after intrusion of this orthogneiss.
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New DaTa with the lowest magnetic susceptibility from each
The other known Cretaceous orthogneiss is a higldgmple. As expected, in all four fractions the uranium
strained metasyenite. This unusual intrusion forms thimncentration was lower than that in the zircon from the
layers near the base of the gneiss dome and has kgramitic cap, ranging from ~900-1400 ppm (table 3),
dated at 110 + 5 Ma (table 4, fig. 6). This age, obtainédt discordance between U-Pb and Pb-Pb dates indicated
by W. McClelland of University of California, Santathat Pb loss remained a problem. Conventional U-Pb
Barbara, was based on a step-wise dissolutianalysis thus did not conclusively provide a crystalliza-
experiment similar to that described in the next sectidion age for the pluton.
The age and composition of this unit are remarkably In an attempt to reduce the effects of post-
similar to unmetamorphosed potassic plutons within tleeystallization Pb loss, we used a technique developed
Yukon-Koyukuk basin and should probably be includeiditially by Krough and Davis (1975), in which zircon
in the diffuse belt of alkaline plutonic rocks that stretchdeactions are subjected to a mild HF leach to remove
from the Yukon-Koyukuk basin to the Darby Mountaindgnternal metamict domains. After leaching, both the
St. Lawrence Island, and Cape Dezhnev, in northeastachate (dissolved zircon) and the residue (refractory

Russia (T.P. Miller, 1972). parts of the grain unaffected by leaching) are analyzed.
Mattinson (1984, 1990, 1994) expanded this technique
KIGLUAIK PLUTON and developed “step-wise dissolution,” in which zircons

are subjected to a series of progressively longer leaches,

The undeformed Kigluaik pluton is exposed ovewith leachate being analyzed after each successive step.
an area of 100 kfin the western part of the gneissAfter a given number of leaching steps (usually from
dome (fig. 2). The intrusion consists of a biotite-grani@ne to 10), the remaining residue is analyzed. This
“felsic cap” overlying a gabbro-diorite “mafic root” of process has been shown to be successful in “mining out”
unknown volume and extent, along with associatedetamict zones within a zircon with high uranium con-
granodioritic rocks. The recognition of mafic rockgentrates, and thus generally gives a more meaningful
within the deeper levels of the gneiss dome raised thge. The results of our first leach experiment yielded an
possibility that the high-temperature metamorphism wage of 92 + 2 Ma (Amato and others, 1994). However,
caused by this mantle-derived magmatism (Amato attds procedure was based on only one leach step.
others, 1994). Our latest leach experiment, reported here, followed

The zircon population from the granitic cap includethe procedure of Mattinson (1994) and provides a useful
both opaque dark-brown and opaque white grains, ashstraint on the age of Late Cretaceous magmatism in
both are likely metamict. Initial analyses of dhe Kigluaik Mountains. We used the 75-150 pm fraction
representative fraction from each of these grain typtsem each of the two granodiorites, and leached them in
(sample 87AH-58) revealed relatively high Warallel for times ranging from one day to as long as
concentrations ranging from 5400-7600 ppm (table 3ne month (table 5). The results are displayed in a Tera-
The 29PpP38U and 2°7PbR38U dates from each of the Wasserburg plot (fig. 7§38 release spectra similar to
two fractions are “concordant” at 83 Ma, but the high those commonly used to preséfar/*°Ar data show
concentration and visible alteration (metamictizatiorihe trend in both thé*U-29%b and?0’Pb#°%b ages
of the zircon grains suggest that Pb loss has likehjth progressive leaching; they also show the relative
occurred and that 83 Ma would be a minimum age famounts of3 released in each step (fig. 8).
the pluton. In each sample, the leachate from “early” steps with

This initial attempt led us to direct our effortdeach times less than one week g&/@bFPb dates
toward dating rocks from the mafic root, which wawith extremely large errors, resulting from the relatively
shown by Amato and others (1994) to be coeval witarge amounts 0f®Pb (common lead) extracted from
the granitic cap. These rocks would likely contain zircdhe easily dissolved parts of the zircon or along fractures.
with a lower uranium concentration and thus be leB&ick-scattered-electron imaging of zircon from sample
affected by metamictization and Pb-loss. The tw@2.4A-120 reveals a core of quartz and feldspar around
samples we analyzed were from the upper part of thich is a euhedral zircon (fig. 9). The feldspar is likely
mafic root, in a mingling zone between granitic anthe source for the excessive amounts®b, and the
granodioritic compositions (Amato and Wright, 1997)1F leaching would have removed all traces of feldspar
These samples, 92.4A-119 and 92.4A-120, aby the second leach, thus decreasing the error in the
hornblende biotite granodiorite with ~60% Si@nd °Pb#°%b ratio in subsequent steps.
abundant zircon with a range of euhedral shapes from The leachate from the third and fourth steps in each
short and stubby to elongate needles. All grains wesample had the younge&tPbP3®U date, and the
translucent and hondyown to pink. We analyzed two 2°Pb?3%U dates increased progressively in both samples
size fractions (150-200 um and 75-150 pum) of graigdter the fourth step. This pattern is consistent with the
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207 pp /206 pp

207 pp /206 pp

C L2-1

207 Pb /206 Pb
0.0480 0.0l482 0.0484

238 /206 Pb

Figure 6 U-Pb Tera-Wasserburg plots of (a) conventional and (b, c) partial dissolution data from metasyenite.
Error ellipses are plotted at 95% confidence level and labeled according to analysis as listed in table
1. The zircon systematics suggest that this unit suffers from the effects of both Pb-loss and the presence
of inherited components. The inferred crystallization age for this sample is 110 + 5 Ma, based on the
residue results from partial dissolution experiment 2.



13

GEOCHRONOLOGICINVESTIGATIONS OF MAGMATISM AND METAMORPHISM WITHIN THE KIGLUAIK MOUNTAINS

‘SY9aM ¢ = / dals ‘syeam g = 9 dals oam T = G dais ‘shep € = 7 dais
ay yg = ¢ dais Uy ¢ = g dais 4y T =T dais :uoneinp yoeayoGeBEN Ul parodal Jeyl pamol|o} 8inpadold ‘anpisal syl Si 4, pue ‘quawiadxa uonnjossip ayl ul dais isiy ayl st TIPS,
"UODIIZ SUYM pUB UMOI] Yiep ale M, pue qp,,
'9'GT = Udyp7Ud;gPue 9'8T = Ud,pimEgipsodwod aidojost ayi Buisn Agq qd uowiwod 104 pajIa.I0d ‘qd dlusholpel sa10usds
‘sgjowourU se pauodal sajdwes payoes| woly uonenuadsuod ‘wdd se pauodal ssjdwes payoesjun wolj UOEAIUSIUODy,
‘alnpadsoud [eanAfeue ay Jo s|relap Joj (886T) IBLARPRIESSHITA UeYyeH pue 1ybBLUA\ 93S D,08 IN0ge Je Jayeaq Uola) © Ul JH 9%0S Ul 1y #7Z 10} payoes| Sem Jeyl uondel) uodliz ajeyoes|
ayl 0] sJ1ajal |, Joreledas onaubew ziueld e Uo paleuondel) aggpmsdipeapaubew-1ses| ay) Jo PAISISUOD SUORIR)) U0DUIZ pazAjeue ||y "9zIS YSaWw Ul SUORJeI) 3zIS 0] Jayal 18 ‘002> ‘00T<s
(286T UOSuUIE) UOIDB1I0D d UOWWOD
a1 J0} pasn oneladyld) 740 Aurensoun pawnsse ue pue A1awo.0ads SSeW Ul S3IURLISOUN PaUIqUIOD a1 WOJ) pale|ndfed a1am sabe «Odgy,/«x0d,g Ul sanurensoun ewbis-om
3UL "%G"0 UIYNIM 3 0} palewIss s ‘uoleiqiied axids ul sanurensoun Buipnjoul ‘sslep Mg@iiaa,fpe.N0dy "suonoel) uodlIZ prepuels, oMl Jo sisAfeue sjeoljdal ay) uo paseq %g 0 01 2°0 INoge
8Je SOl Ngez/xUdgbt SUOISINRIC "88'LET = Ngez/MNgezAI9AN0SASBIIA OT-2G2TSS T PUB 44 0T-3G818'6 = NggzPUBARAGHILISUOD ABD3P sjueisuod Buimol|os sy Buisn Ag pare|nofes sabyy
‘(oxpmouppanipow Ansiwayd abueydxa uol pue uonn|ossip ajdwes "9%TT 0 JO UOITeUONd.I) SSeW J0) Pa1da1I0d suolisodwod 21dojoS},

m <

68
68
[40)"
SOT
86
99
(014
06
26
06
€6
6
T1T
ecT
43"
26
79
98
88

TOT
€6

ploJIIC]

06 06 08.v0°0 112600 86ET0°0 0€802C°0 608170°0 00005
18 18 08.1v0°0 G2e80'0 €9¢T0°0 291,20 6ETS00 8601
8. LL S08170°0 156,00 00ZT0°0 6TETE0 €€ES0°0 98/¢
9L =72 ¢18v0°0 Tv..0°0 /97700 GTEVEOD LTT1G0°0 TEe8y
18 18 86.1v0°0 21€80°0 962100 TT¥9E0 ¥€350°0 9661
70T SO0T €eLv0°0 GEL0T0 G7910°0 289v.L’LE TeVCED VL€
68 16 €281v0°0 YET60°0 STv10°0 ¥S090°T CVSLED 1%
6L 6L 18.1v0°0 GETB0'0 7€CT00 07171920 017090°0 8911
€8 €8 98.1v0°0 62580°0 €62T0°0 71062°0 06890°0 669
06 06 28.v0°0 29¢60°0 90¥T0°0 875020 16/.v0°0 00000T
€8 8 98.1v0°0 ¢/v80°0 ¥8¢T10°0 9719120 6.870°0 €/89T
8. 8. 68,700 0T080°0 €TZT0°0 902920 0,6v0°0 0€T8
17 €L 728v0°0 G65.0°0 ¢vT10°0 16¥8¢°0 €967¥0°0 9¢S0T
cL 0L 6¥8170°0 0ceL00 G60T0°0 0v.0€0 ¢06v¥0°0 YRAVVXA
€L cL 928100 9¢v.0°0 9TTTO0 19G¢€0 GS6170°0 VOETT
18 08 G8.1v0°0 8G¢80°0 ¢G¢100 29¢€e0 LT1S0°0 *T474%
G6 L6 ¢clv00 9¢860°0 60ST0°0 6G9ST°0 GTGST 0 9€T
€L €L €L.v0°0 9G6¥7.0°0 €ETT00 695520 [4015{0N0] 98/¢
€L ¢l L//v0°0 617,00 LZT10°0 G820 /G/S0°0 c0ST
1001 Jlje|N
8 €8 708170°0 16580°0 L6¢T0°0 OvvST 0 ¢1550°0 8.0¢
8 €8 /8.v0°0 /LTS80°0 00€TO0 088ST 0 962500 GETE
deo a1sj94
Adgoz Nez MNgez Adyoz Nez Ngez Adyoz Adgoz Adyoz
*0doz  «Gdoz  +Y9dgoz #0doz *0d,oz *0dgoz Adgoz Ad,0z Udgoz
4en) saby solfel JIWoly Solel painsesp

790 0'9%
€00 €¢
00 L'€
00 T€
€00 0'¢
¢0'0 0T
900 v
€€l 8¢6
eVl 0¢6
GL°0 TS
600 69
800 0L
0T0 G'8
TT°0 €01
800 V'l
S0°0 L€
€0 1'¢¢
€8T TevT
0'8T TLET
S'v8 8G/.
009 ¢lES
(wdd)  (wdd)
axUdyoz pN

Ips 0CT-V¥'¢6
9Ips 0CT-V¥'¢6
Slps 0CT-V¥'¢6
IPS 02T-V¥'¢6
€lps 0CT-V¥'¢6
clps 02T-V¥'¢6
TIPS 02T-V¥'¢6
8¢T 00¢< 0CT-V¥'¢6
00T 00T< 0CT-V¥'¢6
Ips 6TT-Vi'¢6
LIPS 6TT-Vi'¢6
9Ips 6TT-Vi'¢6
SIps 6TT-Vi'¢6
14189 6TT-Vi'¢6
€lps 6TT-Vi'¢6
clps 6TT-Vi'¢6
B1PS 6TT-Vi'¢6
STl 00¢< 6TT-Vi'¢6
¢'0T 00T< 6TT-Vi'¢6
¢'¢ MO0C< 8S-HV.8
9'€ gpo0Z< 8S-HV.8
(Buw)
M 9ZIS a|dwes

uoind Xren|Bry ay) Lol elep UodIIZ 4d-N'G d|geL



14 S+1orT NoTeEson ALaska GeoLocy 1997

0.049 0.049
207Pp 92.4A-119 207Pp 92.4A-120
206Pp 206Ph
‘%”“«
0.048 0.048 -
238|J/206Ppb 238|J/206Ph
0.047 T . 0.047 ; : :
55 75 95 5 75 95
0.049
207Pp 119 and 120-Intermediate Steps and Final Residue

206Pp

0.048 -

238(J/206Ph )

0.047 T T
55 75 95 115

Figure 7.U-Pb Tera-Wasserburg plot of step-wise dissolution experiment on zircon fractions from the Kigluaik pluton. Early,
short-term steps (open ellipses) have high errors owing to large amounts of common Pb. Intermediate steps (striped
ellipses) begin to approach concordia, and final steps (solid ellipses) are concordant at 90 + 1 Ma. We have followed the
convention of assigning errors on tFSPhA38U dates based on the degree of leaching involved: + 5% for “early” steps,

+ 2% for intermediate steps, and + 1% for the residue. These data indicate that the zircons contain inherited components
and encountered Pb-loss.
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The zircon systematics from the Kigluaik

92.4A-119 pluton are complex. The zircons from the

130+ 130 granitic cap have extremely high uranium
concentrations and are visibly metamict. The

1104 L 110 zircons from granodiorite within the mafic

root contain (a) numerous visible inclusions,
(b) cores of feldspar with a high concentration
of 20%Pp, (c) an inherited component of
unknown age, and (d) they were affected by
Pb loss. The step-wise dissolution procedure
“sees through” these complexities by
progressively removing domains within the
zircon that were affected by inheritance or lead
207pb/206pb Aga loss (or both) and the residue analysis yielded
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[ 2ospy2380 age - 30 a concordant age. On the basis of this
[T 2o7pbr206p0 = 205pb238 experiment, we now believe that the
10 4 granodiorite crystallized at 90 + 1 Ma, an age

¢ 10 20 % 40 s 60 70 & %0 100 that is close to our estimate of 91 Ma for the

age of peak metamorphism.

DIABASE DIKES

Cumulative percentage 238U released

92.4A-120

- 180 A shoshonitic diabase dike swarm cuts all
units within the core of the Kigluaik gneiss
L 110 dome. These dikes range from alkali basalt

(~48% SIQ) to trachyte (~63% Sig)and are
compositionally and isotopically similar to the
mafic root of the pluton. Field evidence of
diabase cutting across the pluton (Amato,
70 1995) showed that the dikes represented the
youngest magmatic event within the Kigluaik
L 50 Mountains.

To better constrain the age of the dike
swarm, Amato, in collaboration with A. Calvert

r 90

Measured age (Ma)

207pp/206pp Age

F30

[ 208pu298y age and P. Gans (Calvert and others, manuscript in

(I 207por206p - 206pp/200y preparation), dated biotite and hornblende

0 10 20 30 40 50 60 70 80 90 100 from dikes at two structural levels (tables 6-8;
Cumulative percentage 238U released fig. 10). Biotite from the deepest sample,

92.3A-101, yielded a date of 82.5 + 0.5 Ma,
Figure 8.2%%U release spectra show the progressively converiitb/  slightly younger than a 84 + 0.6 Ma biotite
208pp and?%%Pb/238y dates. Step 4 of 92.4A-119 is outside thejate from sample 92.2A-40, collected from
analytical uncertainty of the later steps and indicates a smalyn outcrop 2-3 km structurally higher than
inherited component that is likely present in the zircon pOpU|ati°@2_3A-101, Because biotite has a relatively

from both samples. low closure temperature for argon (~300°C),
more easily leached domains being affected by Pb loss. Ttiés may be a “cooling age” rather than an
residue analyses from both samples were internally concordantrusive age. It would be preferable to date
and also agreed with each other within error: sample 92.4A-1b@rnblende, which has a higher closure
gave an age of 89 = 1 Ma and sample 92.4A-120 gave an agdeshperature (~550°C). Although many of the
90 £ 1 Ma. dikes crystallized magmatic hornblende,

For sample 92.4A-120, all t8"Pb2%Pb dates are within typically this mineral was highly altered to
error. The fourth leach step from sample 92.4A-119 K8%h- actinolite and therefore was unsuitable for
208ph date of 123 + 8, which is outside the analytical uncertainf)Ar/*°Ar dating. Of nearly 40 thin sections
for the final three steps. This suggests that there must be an oleéeamined, only one dike (sample 92.2A-40)
component in this zircon population. The later steps do not shae@ntained fresh hornblende. This dike also
evidence for this older component, and therefore it was probaliipd a trend nearly orthogonal to the typical
leached out entirely during the experiment. N. 30° E. trend of most of the dikes in the
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92.4A-120

Quartz

K-feldspar

Figure 9. Back scattered electron image of a zircon crystal with a core of K-feldspar and quartz.
Euhedral crystal of apatite is an inclusion. The feldspar within the core is likely the source of the
high concentration of ***Pb in the early leach steps.

Table 6. “’4Ar/*Ar data for 92.34-101 biotite

T (°C)  40(mol) “OAr YAr 36Ar K IYAr WOAr* Age error
¥Ar ¥Ar YAr Ca (Ma)

640 3.40E-14 5.5566 0.0391 0.0081 13.0 0.060 0.700 71.7 0.5
785 6.00E-14 6.3818 0.0187 0.0016 26.0 0.182 0.933 82.1 0.2
900 6.20E-14 6.4826 0.0290 0.0008 17.0 0.312 0.967 83.3 0.2
1010 9.00E-14 6.4746 0.0574 0.0009 8.5 0.498 0.961 83.2 0.2
1070 8.10E-14 6.4290 0.0300 0.0003 16.0 0.671 0.986 82.7 0.2
1125 1.20E-13 6.4066 0.0274 0.0002 18.0 0.930 0.994 82.4 0.1
1155 2.40E-14 6.4357 0.0626 0.0001 7.8 0.982 0.996 82.8 0.4
1260 1.20E-14 6.7438 0.1084 0.0096 4.5 1.000 0.705 86.6 1.3
J=0.0072940.

Total fusion age (TFA) = 82.14 + 0.13 Ma (including J).

Weighted mean plateau age (WMPA) = 82.51 £ 0.12 Ma (including J).
Steps used: 640, 785, 900, 1010, 1070, 1125, 1155, 1260 (100% X*Ar).
40(mol) = moles corrected for blank and reactor-produced “Ar.

¥¥Ar is cumulative, **Ar* = radiogenic fraction.
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Table 7.49Ar/ 3°Ar data for 92.2A-40 biotite

T(°C)  40(mol) 40Ar STAr S6Ar K z 3°Ar 40Ar* Age error
39Ar 39Ar 39Ar Ca (Ma)

640 1.10E-13 6.1604 0.0318 0.0057 15 0.126 0.787 79.3 0.2
750 1.50E-13 6.5188 0.0165 0.0008 30 0.311 0.968 83.8 0.1
845 1.00E-13 6.5348 0.0138 0.0004 36 0.445 0.984 84.0 0.2
925 6.50E-14 6.5919 0.0331 0.0007 15 0.528 0.970 84.7 0.2
990 8.50E-14 6.5710 0.0293 0.0006 17 0.637 0.977 84.5 0.2
1050 1.70E-13 6.5043 0.0178 0.0005 28 0.859 0.979 83.6 0.1
1090 7.70E-14 6.4935 0.0250 0.0007 20 0.958 0.972 835 0.2
1125 3.00E-14 6.5028 0.0365 0.0008 13 0.996 0.969 83.6 0.3
1155 3.20E-15 6.6258 0.1840 0.0066 2.7 1.000 0.776 85.1 34
1190 7.30E-16 7.1438 0.3944 0.0514 1.2 1.000 0.321 91.6 35.8
1260 2.00E-15 12.1946 0.1554 0.3053 3.2 1.000 0.119 153.7 85.8
J=0.0072940.

Total fusion age (TFA) = 83.35 + 0.12 Ma (including J).

Weighted mean plateau age (WMPA) = 83.61 + 0.12 Ma (including J).

Inverse isochron age = 84.38 + 0.25 Ma. (MSWD =13'8ar/36Ar=230.4 + 9.6).
Steps used: 640, 750, 845, 925, 990, 1050, 1090, 1125, 1155, 1190, 1260=3386)%
40(mol) = moles corrected for blank and reactor-prodd€ad

¥3%r is cumulative *0Ar* = radiogenic fraction.

Table 8.4%Ar/ 3%Ar data for 92.2A-40 hornblende

T(°C)  40(mol) 40Ar STAr S6Ar K Z39Ar 40Ar* Age error
39Ar 39Ar 39Ar Ca (Ma)

500 5.70E-15 3.1020 2.3380 0.0839 0.21 0.006 0.113 30.3 6.8
600 6.00E-15 8.1651 1.0690 0.0080 0.46 0.023 0.782 78.6 1.7
700 1.10E-14 8.2710 0.7739 0.0040 0.63 0.057 0.881 79.6 0.9
800 1.20E-14 8.2343 1.2517 0.0032 0.39 0.096 0.909 79.2 0.7
850 7.30E-15 8.3642 2.5489 0.0039 0.19 0.119 0.900 80.5 1.2
900 1.40E-14 8.6365 6.3912 0.0057 0.08 0.161 0.883 83.0 0.9
940 9.00E-14 8.6147 6.8770 0.0044 0.07 0.444 0.926 82.8 0.3
970 1.20E-13 8.6063 6.8254 0.0028 0.07 0.827 0.973 82.7 0.2
1000 3.00E-14 8.6190 6.7869 0.0025 0.07 0.929 0.982 82.9 0.4
1030 1.30E-14 8.4723 7.9193 0.0040 0.06 0.970 0.943 81.5 0.9
1060 6.20E-15 9.0778 16.4258 0.0059 0.03 0.989 0.958 87.2 1.4
1100 1.50E-15 8.8735 10.6681 0.0050 0.05 0.994 0.939 85.2 5.3
1140 1.60E-15 8.2314 11.0659 0.0046 0.04 0.999 0.950 79.2 4.8
1180 4.00E-16 8.7651 9.5927 0.0157 0.05 1.000 0.695 84.2 30.6
J=0.0054530.

Total fusion age (TFA)= 83.35 £ 0.12 Ma (including J).

Weighted mean plateau age (WMPA)= 83.61 £ 0.12 Ma (including J).

Inverse isochron age = 84.38 + 0.25 Ma. (MSWD =13'8ar/36Ar=230.4 + 9.6).
Steps used: 640, 750, 845, 925, 990, 1050, 1090, 1125, 1155, 1190, 1260=3986%
40(mol) = moles corrected for blank and reactor-prodd€ad

>39%r is cumulative 22Ar* = radiogenic fraction.
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90

92-2A-40 Hornblende —

Apparent age (Ma)

72 ]

70 = ; t } t f ; ; } .
0 10 20 30 40 50 60 70 80 90 100

Cumulative percentage 39Ar released

Figure 104Ar/ 3%Ar release spectra for hornblende from a diabase dike. Inferred age of 83 + 1 Ma for the dikes is based on the
weighted mean plateau age (WMPA) using the shaded steps and the total fusion age (TFA) for this sample, together with the
biotite ages from this sample and 92.3A-101.

core, raising the possibility that it was a slightly youngéeninsula is unknown, it must have occurred previous
dike that escaped hydrothermal alteration associated120 Ma (Hannula and McWilliams, 1995).
with the crystallizing pluton. This sample yielded a The presence of highly deformed igneous rocks of
plateau date of 82.8 + 0.4 Ma. This is slightly youngdi05 Ma indicates that there must have been deformation
than the biotite date from the same sample. On the basssociated with the post-blueschist-facies high-
of the near concordance of the hornblende and biotiesnperature metamorphism, and therefore this event was
Ar dates from sample 92.2A-40, we believe that 83 + 1 Mt a static overprint related to thermal reequilibration
is the best estimate of the age of the diabase dike swaffmato and others, 1994). This argument also was made
on the basis of the structural geology of the isograd zone
DISCUSSION (Miller and others, 1992) and is strengthened by the
better dated 110 + 5 metasyenite.

The relationship between magmatism and high- The discovery of mafic plutonic rocks at the base of
temperature metamorphism is important in thiéhe Kigluaik pluton led to the suggestion that processes
interpretation of the Cretaceous tectonic history of tlether than anatexis were important in its formation
Kigluaik Mountains. If magmatism was largely felsiqAmato and others, 1994; Amato and Wright, 1997).
and post-tectonic, it may be unnecessary to invokeBait was the pluton the actual heat source for
new tectonic event following blueschist metamorphisimetamorphism? To answer this, we must critically
In this case, magmatism could be related to the relaxatewaluate the geochronologic data, because although
of isotherms as was suggested by Patrick and Lieberncaeval magmatism and metamorphism do not
(1988). If magmatism was syn-tectonic, there may haxecessarily indicate a cause and effect, the presence of
been a separate episode of tectonism that postdatedntiaéic magmas of the same age as the surrounding
earlier high-pressure event. Although the age of tineetamorphic rocks would be compelling evidence for
inception of blueschist metamorphism on Sewamdagmatically induced metamorphism.
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There are uncertainties about the actual peak
temperatures in the metamorphic rocks used for U-Pb
monazite dating, but estimates of 700-750°C
(Lieberman, 1988) are near the closure temperature of
725 + 25°C for the diffusion of Pb in monazite. The
older monazite dates obtained from orthogneiss and
paragneiss are likely the result of incomplete resetting
of preexisting monazite (either igneous or detrital). This
incomplete resetting implies that the temperatures either
did not get significantly higher than the closure
temperature or that if they did they did not stay high for
long. Our estimate of 91 Ma must be a minimum for the
age of attainment of peak temperatures, but it is difficult
to imagine that temperatures stayed above 700°C
between the time of the intrusion of the Cretaceous
orthogneisses at 110-105 Ma and 91 Ma. Additionally,
because of the composition and small volume of these
orthogneisses, it is unlikely that they contributed
significantly to the heat budget for high-temperature
metamorphism.

However, the pluton has a mafic root that would
make it a candidate for transporting heat from the mantle
into the middle crust during a Cretaceous event. Because
we know that there was significant deformation
associated with this event (based on the deformation of
the orthogneiss), we would expect the pluton to show
some evidence of strain if it were the heat source. In
fact the pluton is largely undeformed and cross cutting,
though weakly deformed dikes were observed. If the
metamorphism has a minimum age of 91 Ma, and the
pluton is 90 + 1 Ma, it probably intruded toward the end
of the metamorphic deformational event. Our
interpretation is that there may be other mafic intrusions
below the gneiss dome that may be slightly older than
the Kigluaik pluton and that these intrusions would be
“responsible” for the elevated temperatures. Geophysical
data would be required to test this hypothesis. In this
scenario, the Kigluaik pluton is a late-stage representative
of alonger, perhaps episodic magmatic event, a “last-gasp”
intrusion that reveals the influence of mafic magmatism
on the Cretaceous high-temperature metamorphism. The
presence of the compositionally similar diabase dike
swarm at 83 + 1 Ma is further evidence of episodic mafic
magmatism in the gneiss dome.

CONCLUSIONS

that ~680 Ma orthogneisses are common
within the Nome Group and that the
country rock must be in part Precambrian.
A new U-Pb zircon date of 555 + 15 Ma
from a Kigluaik Group orthogneiss is
interpreted as a crystallization age.
Although the data are complex, U-Pb
dating of monazite from orthogneiss,
metapelite, and pegmatite suggest that
peak high-temperature metamorphism in
the gneiss dome has a minimum age of
91 Ma, an interpretation based primarily
on the clustering of dates from pegmatite
interpreted to have formed by partial
melting of metasedimentary rocks during
peak metamorphism.

The earliest documented Cretaceous
magmatism is represented by two
orthogneiss bodies dated at 110 + 5 Ma
(this paper) and ~105 Ma (Amato and
others, 1994).

* A step-wise dissolution experiment on

zircon from the Kigluaik pluton indicates
that the zircon population was affected by
both inheritance and Pb loss. The
experiment yielded concordant ages of
90 + 1 Ma, which we interpret as the cry-
stallization age.

The youngest Cretaceous igneous event
was the intrusion of a diabase dike swarm,
dated at 83 + 1 Ma by usin§Ar/3°Ar
techniques on biotite and hornblende.
The temporal association of magmatism
and metamorphism indicates that mafic
magmatism beginning before 90 Ma
resulted in high-temperature metamor-
phism of the gneiss dome. While the
Kigluaik pluton may not have been the
actual heat source for metamorphism, it
may represent the latest stages of a more
protracted, episodic mafic magmatic
history in the region, represented at the
exposed crustal levels by the 90-Ma pluton
and the 83-Ma dike swarm.
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COMPOSITE STANDARD CORRELATION OF THE
MISSISSIPPIAN-PENNSYLVANIAN (CARBONIFEROUS)
LISBURNE GROUP FROM PRUDHOE BAY TO THE
EASTERN ARCTIC NATIONAL WILDLIFE REFUGE,
NORTH SLOPE, ALASKA

by
John F. Baesemann,! Paul L. Brenckle,2 and Paul D. Gruzlovic3

ABSTRACT

Composite standard treatment of microfossil-occurrence data provides a detailed biostratigraphic scheme
to correlate Middle Mississippian to Middle Pennsylvanian depositional events within the Alapah and
Wahoo Limestones of the Lisburne Group between Prudhoe Bay and the western and eastern areas of the
Arctic National Wildlife Refuge (ANWR). Lisburne deposition in ANWR, which preceded that at Prudhoe
Bay, spans about the same time interval but is represented by differing rock thicknesses which reflect local
variations in paleotopography, sedimentation, and post-Lisburne erosion. Reservoir-quality dolomites occur
widely across the study area in the upper Alapah Limestone and a coeval lower Alapah dolomite zone can
be identified in the ANWR sections. The change from Alapah to Wahoo sedimentation began in western
ANWR, then spread to eastern ANWR and finally to Prudhoe Bay. Numerous progradational shallowing-
upward cycles or parasequences characterize the Wahoo Limestone in northeastern Alaska.
Chronostratigraphic comparison of parasequence occurrences between western ANWR and Prudhoe Bay
shows that few of these parasequences correlate, suggesting that local sedimentary and tectonic processes,
rather than eustasy, controlled their formation. The Arctic seaway through Alaska has long been thought to
be the only pathway for migration of Late Mississippian and Pennsylvanian calcareous foraminifers from
Eurasia into North and South America, and vice versa. New information indicates that intermittent Early to
Middle Pennsylvanian highstands may have linked North Africa and western Europe to South America,
opening up auxiliary routes for the exchange of faunas.

INTRODUCTION

The possibility (Crow and Williams, 1987) of world-constrained chronostratigraphic framework for
class hydrocarbon reserves under the North Slopeeixtrapolating microfossil ranges from section to section,
the Arctic National Wildlife Refuge (ANWR) prompteddetermining age relationships of formational contacts,
this study to refine correlation of the Alapah and Wahatetermining the continuity of dolomite zones (the
Limestones, the two formations comprising therincipal reservoir rocks) within the Alapah Limestone,
Mississippian-Pennsylvanian (Carboniferous) Lisburrend correlating Wahoo parasequences.

Group in northeastern Alaska. Detailed measurement

and sampling of outcrops at Clarence River at@EOLOGIC SETTING

Katakturuk River within eastern and western ANWR,
respectively, and of cores from the Sohio Sag Delta 6 The Lisburne Group is a marine, predominantly
well at Prudhoe Bay (fig. 1) provided comprehensivearbonate sequence extending across Arctic Alaska into
lithostratigraphic and biostratigraphic control to predid¢anada. Deposition began to the south during the
the probable subsurface stratigraphy in the ANWRsagean (Tournaisian) in a deeper water setting and
coastal plain, where no well data were available to usecame progressively shallower as the sequence
Conodont and calcareous microfossil (foraminifergansgressed northward to an ancient shoreline along the
algae,incertae sedip occurrences were used teedge of the present-day Barrow Arch (Bird and Jordan,
construct a local composite standard for graphk977; Bird, 1980). In northeastern Alaska the Lisburne
correlation. This methodology produced a tightlys represented by the Alapah and Wahoo Limestones of

1Amoco Corporation, Exploration and Production Technology Group, P.O. Box 3092, Houston, Texas 77253.
2Consultant, 1 Whistler Point Road, Westport, Massachusetts 02790.
3Delta Environmental Consultants, Inc., 5401 West Kennedy Blvd., Suite 400, Tampa, Florida 33609.
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Meramecian to Atokan (Visean to Bashkirian) age. Thevaporite nodules are widespread throughout the
three Lisburne sections (fig. 2) of this study share marggressive phase.
lithologic similarities, although variation in  The formation is thickest at Clarence River, which
sedimentation rates, intraformational erosion, preentains the deepest water Alapah deposits of the three
Lisburne topography, and the amount of downcuttirgjudied sections. The greater depth is indicated by the
along the post-Lisburne unconformity account for locahterspersed encrinites and recessive, argillaceous
differences in thickness and lithofacies. Detailelryozoan packstone-wackestone throughout much of the
Lisburne descriptions for this region can be found, fanit, accompanied by reduced numbers of foraminifers
example, in Armstrong (1974), Armstrong and Mamehat would have thrived in a shallower shelf setting. The
(1974, 1975), Bird and Jordan (1977), Watts and othergpermost Alapah beds at the Katakturuk River section
(1994), Krumhardt and others (1996), and Harris amde recrystallized limestones (fig. 2) (Harris and others,
others (1997). 1997, fig. 2). They may have originated as cave fillings
Alapah sedimentation at Prudhoe Bay and Clarenderived from dissolution along a pre-Wahoo exposure
River conformably transgressed the paralic-continentirface (Watts and others, 1994) or from some local
facies of the Mississippian (Tournaisian-Viseartgctonic event (Wood and Armstrong, 1975). Whatever
Endicott Group. Katakturuk River was situated on the origin, there is no obvious gap or repetition in the
positive feature, the Sadlerochit high (Armstrong, 197fgunal succession associated with the interval.
Armstrong and Mamet, 1974; Mamet and Armstrong, The Wahoo in outcrop has been divided informally
1984); here the Alapah lies directly on Lower Paleozoiato lower and upper members (Watts and others, 1994).
rocks. The area evidently remained mildly positiv&he formational contact between the Alapah and Wahoo
throughout the Late Paleozoic because the Lisburiseplaced between the dark gray, recessive weathering
section at Katakturuk River is considerably thinner thatolomite-limestone of the Alapah and the light-gray
at the other localities and the Wahoo section is onewéathering, cliff-forming bryozoan-pelmatozoan
the thinnest regionally for that formation. grainstone-packstone-wackestone of the lower Wahoo
The Alapah Limestone is composed of aember. The latter unit is transgressive and represents
transgressive-regressive sequence. The lower pareturn to open-marine sedimentation following the last
contains dolomite, algal limestone, and peloidal-skeletastrictive episode at the top of the Alapah. The
packstone-grainstone, deposited in intertidal to restrictagpearance of slope-forming, yellow- to orange-
platform environments, that pass gradationally intweathering dolomite at the top of the cliffs marks the
bryozoan-pelmatozoan limestones formed in an opdmase of the upper Wahoo member. Although
platform setting. The upper Alapah represents tlparasequences are present within both Wahoo members,
regressive part of the sequence and was depositedhimse in the upper member are generally thinner and
restricted platform to intertidal environments. It idorm a characteristic ledge and slope topography. The
composed dominantly of skeletal mudstoneesistant, ledge-forming beds are composed of skeletal
wackestone-packstone, spiculitic dolomite, and dolomiéad oolitic grainstones, and in the upper part of the
containing cryptalgal laminations, fenestral fabric, anthember they also contain algBldnezella biostromes
solution-collapse breccia. Silicified and calcitizedqMamet and deBatz, 1989) and oncoliti©fagid)
shoals. The absence of the latter deposits in the
Katakturuk River section is probably related to
BEAUFORT SEA differential post-Lisburne erosion.

CLARENCE
RIVER

ALAPAH DOLOMITES

According to C.E. Bartberger (written commun.,
1986), upper Alapah dolomites (“medial dolomite” of
Bird and Jordan, 1977) are the most porous and
permeable facies within the Lisburne Group at the
Prudhoe Bay field. These beds are negligible
— hydrocarbon producers because they generally lie
beneath the oil-water contact, and most Lisburne
Figure 1.Location of study areas in northeastern Alaskaproduction comes from fractured Wahoo carbonates

Generalized stratigraphic columns for each area arligher in the column (Jameson, 1994). In the appropriate

illustrated in figure 2 and geographic coordinates are givegeologic setting the dolomites could be a viable

in the Locality Register. ANWR=Arctic National Wildlifeexploration target (Dolton and others, 1987). One of the

Refuge. objectives of this study, therefore, was to determine the
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Figure 2.Regional cross section of the Lisburne Group tied to the Mississippian-Pennsylvanian boundary (= first occurrence
of the conodorDeclinognathodus noduliferssibspp.). Katakturuk River outcrop sections are adjacent and were measured
continuously. The three Clarence River outcrop sections are not close together and were measured separately. Thickness or
depth on stratigraphic columns is in feBseudostaffellat the Morrowan-Atokan(?) boundary refers to the foraminiferal
subgenudPseudostaffella (Pseudostaffella).
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extent of dolomitization in ANWR outcrops. Mesozoisynchronous within the limits of resolution of the
erosion is thought to have removed much of the Lisburh@stratigraphic data. The first occurrence f
under the coastal plain (Bird and others, 1987). If onhoduliferuswithin the lower Wahoo member marks the
a remnant of the Lisburne is preserved in the ANWBase of the Morrowan Series (Pennsylvanian System)
subsurface, it would be the Alapah, including possibgnd that ofP. (Pseudostaffellpin the upper Wahoo
the prospective dolomites. Both the Clarence River aadproximates the base of the Atokan Series (Middle
Katakturuk River sections contain lower and uppdtennsylvanian).

dolomite zones within the Alapah (fig. 2). The upper The LOC in figure 4 is composed of an upper
zone is stratigraphically in the same position as s¢gment defined by the same taxa as in figure 3 and a
Prudhoe Bay, but it is unknown if a lower zone is presdotver segment extending from the basB afioduliferus

at Prudhoe because our study of the Sag Delta 6 wellthe top of the conodont form genfipatognathus
was confined to cored intervals that did not include théhere is a slight change in slope between the two

lower Alapah. segments, indicating minor differences in rock
accumulation ratesApatognathusdisappeared within

COMPOSITE STANDARD- the late Meramecian in the lower Alapah at Katakturuk

GRAPHIC CORRELATION River and Clarence River, but its presence at Prudhoe

Bay could not be confirmed because core of appropriate
The timing of depositional and erosional events &ge was not available for study.
critical to understanding the development of Lisburne Figure 5 illustrates stratigraphic implications
stratigraphy on the North Slope and we used tlwterpreted from the LOCs in figures 3 and 4. The
composite standard-graphic correlation techniqugsburne outcrops at Katakturuk and Clarence rivers
pioneered by Shaw (1964) to correlate the three sectiorsver nearly the same time interval whereas Lisburne
This methodology has been explained further in papefsposition began later in the Sag Delta 6 well, closer to
by Miller (1977), Edwards (1984, 1989, 1991, 1995})he Late Mississippian shoreline. The Katakturuk River
and Carney and Pierce (1995). A composite standattion (fig. 2) is considerably thinner than the Lisburne
was developed by initially graphing the Sag Delta 6 wedt the other two localities because it was deposited on
against the Katakturuk River section (fig. 3), théhe Sadlerochit high, where Lisburne sedimentation rates
designated standard reference section. The oldest (bagee probably slower and diastems more numerous.
and youngest (top) occurrences of taxa common to b&hrthermore, the older age of the top of the Wahoo
localities were plotted on an X-Y coordinate grid ohimestone at Katakturuk River (fig. 5) suggests greater
which the vertical and horizontal axes represent tleeosion here along the post-Lisburne unconformity. This
thicknesses of the two sections. The most reliable bag&grpretation is supported by the appearance of the
in the crossplotted array of points on the grid were usednodontsNeognathodusaind Neogondolellain the
to draw a line of correlation (LOC) that was used toppermost Wahoo at Sag Delta 6 aweognathodus
determine time-equivalent horizons on both axes. Initisbm the same level at Clarence River. Neither genus
graphing permitted fossil range data from the Sag Delteas found in the upper Wahoo at Katakturuk River,
well to be combined (composited) with those frorwhere the taxa would be expected if these beds are time-
Katakturuk River, including all taxa from both sectiongquivalent to the other sections. The Wahoo interval
not just those in common. This integrated informaticstbove the appearance PB$eudostaffellds also much
became the X axis, or composite standard, of a névinner at Katakturuk River than at the other localities
crossplot (fig. 4) to correlate against the Clarence Riv§fig. 2), which is another indication of local differential
sections on the Y axis. The composite standard axis veassion.
assigned a linear scale of time units (composite standardThe lower Alapah dolomite zone (figs. 2, 5) was
units, or CSU) tied to the age of appearance deposited almost synchronously between Clarence River
disappearance of key taxa, and the relative timing afd Katakturuk River, but the composite standard
stratigraphic events was then extrapolated from oirglicates that lower Alapah dolomite in the Sag Delta
section to another. well, if present, would be appreciably younger than and,
In figure 3 the LOC was defined by appearances thferefore, probably discontinuous with the one in
the conodont speci&eclinognathodus nodulifered ANWR. The upper Alapah dolomite zone represents a
the foraminiferal subgenusPseudostaffella widespread regression across the North Slope.
(Pseudostaffellp Both taxa occur with their Deposition of this interval began at Katakturuk River
evolutionary antecedentShathodus girtysimplexand and persisted there the longest on the Sadlerochit high,
Pseudostaffell§Semistaffell respectively] at the three although the youngest dolomites are found in the Sag
localities, and their appearances are deemed to elta 6 well. The Alapah-Wahoo contact (fig. 5) is time
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Figure 3.Graphic correlation crossplot of stratigraphic occurrences of conodonts and calcareous microfossils from the Sag
Delta 6 well vs the Katakturuk River composite section. The dashed lines extending from the line of correlation (LOC) at
the base ofD. noduliferusintersect the vertical and horizontal axes at the position where the species first occurs in the two
localities. In a similar manner the LOC can be used to find other equivalent horizons. Taxon names other than those
defining the LOC are not included in this or figure 4 to reduce clutter on the diagrams. Base = oldest occurrence of a taxon;
top = youngest occurrence.

transgressive. Lower Wahoo lithologies occur first aflacial episodes (for example, Ross and Ross, 1985a;
Katakturuk River and spread diachronously to Clarenteevers and Powell, 1987). If these sequences truly

River and finally Sag Delta. reflect global eustacy, they should be correlative over
wide areas. Indeed, claims have been made that Wahoo

WAHOO PARASEQUENCE parasequences are closely correlative across the North

CORRELATION Slope (B. L. Mamet, written commun. to J. R. Groves,

March 1987) and represent the same parasequences seen
Pennsylvanian strata worldwide exhibit large-scal@) coeval rocks in Nevada (Carr and Budd, 1987).
transgressive-regressive sequences and classic, smallTo test their local continuity, we determined the
scale parasequences whose origins have been linkedumber of Wahoo parasequences at Katakturuk River
eustatic sea-level changes controlled by Gondwanand Sag Delta 6 and correlated the Katakturuk
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Figure 4.Graphic correlation crossplot of conodont and calcareous microfossil occurrences at the Clarence River composite
section vs microfossil ranges composited from the Sag Delta 6 well and the Katakturuk River composite section. Horizontal
axis is a linear time scale expressed as composite standard units (CSU). LOC = line of correlation; base = oldest occurrence
of a taxon; top = youngest occurrence

parasequence boundaries to the equivalent stratigrapgdriovided the accommodation space to develop the
position in the Sag Delta well based on the LOC showelatively thick and numerous parasequences seen in the
in figure 3. The results (fig. 6) show 17 Waho&ag Delta well. In contrast, Katakturuk deposition was
parasequences at Katakturuk River compared to 2%imthe Sadlerochit high. Here, slower sedimentation and
the Sag Delta well, excluding the uncored interval idiastems at the Mississippian-Pennsylvanian boundary
the upper Wahoo. The fewer parasequences (Bfarris and others, 1997) and probably at other horizons
Katakturuk are in part attributable to greater erosiaccount for the thinner and fewer preserved
along the post-Lisburne unconformity, but th@arasequences. Furthermore, graphic correlation
discrepancy in number and thickness between the t(figs. 3, 6) shows that the basal one to two parasequences
localities suggests that local tectonism strongly modified Katakturuk River are time-equivalent to the upper
any eustatic control on sedimentation. Alapah dolomite beds at Sag Delta 6. This correlation
The Wahoo Limestone at Prudhoe Bay was depositegrees with the local paleogeography, as the Prudhoe
in a northeast-trending depression called the CanniBgy area at that time was proximal to the shore (Jameson,
sag (Armstrong, 1974). Subsidence within this basit994), whereas Katakturuk River was in a more seaward
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. northeastern Alaska and can provide a fairly reliable
csu S%h'l‘: 3639 Kat;.kt”"‘k c';fence scheme for local Mississippian-Pennsylvanian
10,800 — e i i correlation. The order of appearance and, to a lesser

M extent, disappearance of these microfossils produces
10,700 — l—\""'\—\_,,-I"".r,.‘ an operational basis for correlating the Lisburne
10.600 — regionally (fig. 7). The relationship to coeval strata

’ W within sub-Arctic North America is complicated
10,500 — ﬁ because of the absence of key taxa or migration
10.400 — (] between the twoegions.

’ o The Endicott Group, examined only at the Mosquito
10,300 — Pennsylvanian Ridge section (fig. 2), contains scarce Meramecian
10.200 — Mississippian c_a_lgareo_us_ micrqfossils becz_iuse of the mostly

’ siliciclastic lithologies. Alapah biotas are also sparse
10,100 — \\’ R P — because of the predominant dolomites, relatively deeper
10.000 — Upper Dolomite water argillaceous carbonates, and covered intervals

’ in outcrop; they range from late Meramecian to late

9,900 — Chesterian. Diversity and abundance increase in the
lower Wahoo member, and algae and foraminifers
9,800 - \ A proliferate in the upper Wahoo, where pervasive shallow-
9,700 — ? L water shelf environments are most favorable for their
9.600 ':‘ development. The Mississippian-Pennsylvanian
R A (Chesterian-Morrowan) boundary falls near the top of
9,500 — H the lower Wahoo member and the Morrowan-Atokan(?)
boundary within the upper Wahoo member. The
9,400 — calcareous microfossil succession at Katakturuk River,
9,300 — which is representative of the Lisburne localities
Lower Dolomite studied herein, is discussed and illustrated in Harris and
9,200 - others (1997).
9100— 1 1 1 Arctic foraminiferal faunas in both Alaska and
Canada are more closely related to Eurasia than to the

rest of North America, although there are enough
Figure 5. Composite standard chronostratigraphic correlatiorsimilarities  for intracontinental correlation.
of major Lisburne stratigraphic events across the studyaleogeographic and paleoenvironmental conditions in
area. Composite standard units (CSU) represent time lingie Late Mississippian-Pennsylvanian (Ross and Ross,
1985b) prevented some Arctic taxa from migrating into
position. Most parasequences are autocyclic. Few @ub-Arctic North America and delayed others so that
be matched across the North Slope—much less #gpearances are commonly diachronous (Harris and
distance separating northern Alaska from the southeners, 1997). For exampléJobivalvuling which is a

United States. reliable marker for the base of the Pennsylvanian in the
conterminous United States (Mamet, 1975), first occurs
BIOSTRATIGRAPHY AND in the upper Alapah Limestone, well below the
Mississippian-Pennsylvanian boundary in northeastern
BIOGEOGRAPHY Alaska (figs. 2, 7). Converselidillerella marblensis
CALCAREOUS MICROFOSSILS and M. pressaare common near the base of the

Pennsylvanian in the sub-Arctic Americas, where they

Calcareous microfossils have long played @riginated, but are so rare in the Arctic that they have
prominent role in dating the Lisburne Group withirittle biostratigraphic use.
Arctic Alaska (for example, Armstrong and Mamet, Pseudostaffella (Pseudostaffelia)another case in
1974, 1975, 1977; Mamet and Armstrong, 1972, 198ddint. Its appearance defines the Morrowan-Atokan
but, for various reasons, interpretations based on théseindary across North America (Mamet, 1975; Groves,
microfossils have provided discrepant results for locaP86). The taxon developed in Eurasia (Groves, 1988)
and regional correlation (Krumhardt and others, 1998rough the lineag®lectostaffellaPseudostaffella
Harris and others, 1997). Nevertheless, the Lisbur(@emistaffellx PseudostaffellaPseudostaffellp
microfossil succession is generally consistent acroshich is also present in northeastern Alaska. However,
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Figure 7. Selected conodont and calcareous microfossil ranges composited from occurrences at Sag Delta 6, Katakturuk River and Clarence River. Range lines extend between first and last positive occurrences that were used to position the bases and tops in figures 3 and 4. Top of Meramecian placed

at last occurrence of Koninckopora at Katakturuk River and Apatognathus at Clarence River, base of Pennsylvanian at first occurrence of Declinognathodus noduliferus subspecies and base? of Atokan at first occurrence of Pseudostaffella (Pseudostaftella). The lengths of the stratigraphic columns

at the top of the figure are scaled to relative time (CSU), not thickness. CSU

Sforaminifer; a = alga, i = incertae sedis.

Composite standard units, ¢ = conodont, f
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P. Pseudostaffellapppears without its evolutionary(1996) and Harris and others (1997). These authors
antecedents in sub-Arctic North America, suggestingreclude systematics and discussions of ranges and
later arrival in that area (Groves, 1988). If this is true,environmental associations. The latter paper includes a
Pseudostaffelldbased Morrowan-Atokan boundarydescription of the Katakturuk River conodont faunas.
must be diachronous between Alaska and southern Novtttually all Lisburne conodont taxa (fig. 7) have been
America, accounting for the uncertainty in placemengported from the Midcontinent, Appalachian, and
of that boundary in this paper. Cordilleran areas of the United States, where
The distinctness of Arctic Carboniferousassemblages are more diverse. Because the ranges of
foraminiferal assemblages from sub-Arctic Nortlsome taxa vary between northeastern Alaska and sub-
America and their affinities to Eurasia have beeswrctic North America, current sub-Arctic North
recognized for some time (Mamet and Belford, 196&merican conodont zonal schemes do not apply to the
Armstrong and Mamet, 1977). Ross (1967) proposétsburne. Krumhardt and others (1996) and Harris and
Eurasian-Arctic and Midcontinent-Andean realms tothers (1997) used a simplified Lisburne conodont zonal
characterize the differences between the Old and Nesheme that reflects these differences in faunas and
World faunas. Ross and Ross (1985b) postulated thamges.
during the Late Mississippian-Pennsylvanian the Arctic In this study the Mississippian-Pennsylvanian
shelf was the primary migration route for Eurasian forn{f€hesterian-Morrowan) boundary is defined at the three
into North and South America (fig. 8) and that theections by the appearance of the conodont
temperate to colder Arctic waters prevented unrestrictBéclinognathodus noduliferusubspecies which also
entry into the New World, accounting for thedefines the Mid-Carboniferous boundary inter-
compositional differences between realms. continentally (Lane and others, 1985; Brenckle and
New evidence suggests that at least for the Earlydthers, 1997). The Morrowan-Atokan (Early-Middle
Middle Pennsylvanian there may have been migrati®ennsylvanian) boundary is picked at the base of the
routes also from North Africa and western Europe foraminiferal subgenuBseudostaffell@Pseudostaffelln
South America, most likely associated with intermittefithe appearance of this subgenus may not be
highstand incursions into the Amazonian seaway (fig. 8ynchronous between northeastern Alaska and sub-
Altiner and Savini (1995) reported a possible connectidrctic North America as discussed in the preceding
in the Morrowan after discoveringlectostaffellain calcareous microfossil section. Conodont evidence does
northern Brazil. They also found specimens of thsot totally clarify this issue but suggests that the amount
pseudovidalinid foraminifeAsselodiscusrom upper of diachroneity is not substantial. In sub-Arctic North
Atokan rocks. Both of these Eurasian genera occurAmerica, the conodont genlgiognathodudirst occurs
the Arctic (Groves and others, 1994; Henderson ahdlowP. (Pseudostaffella(Lane and others, 1972), but
others, 1995). Because they are unknown elsewherénirEurasia (for example, Nemirovskaya and Alekseev,
North America, it is unlikely that they migrated intal995) the order of appearance is reversed. If the base of
South America from that direction. Amoco unpublisheltliognathodusepresents a time line, (Pseudostaffella
collections from outcrops along the Macuma River iwas delayed in entering sub-Arctic North America. In
Ecuador and from wells in Peru cont®&ilectostaffella all Lisburne conodont localitidsliognathodusappears
Pseudostaffell@PseudostaffellpandP. (Semistaffelln  aboveP. (Pseudostaffellnexcept at Clarence River,
These highstand migration routes may have providedhere a single specimen of the conodont was found in
an opportunity for native American taxa to enter Eurasife upper Wahoo member below that foraminifer. It may
Villa Otero (1995, pl. 1, figs. 22, 24) illustrathtllerella  be argued tha®. (Pseudostaffellpis out of sequence at
marblensis from Bashkirian (Early-Middle Clarence River, but the shallow water environments of
Pennsylvanian) rocks in the Cantabrian Mountains tife upper Wahoo are much more hospitable for
Spain. The same faunas contdiseudostaffella calcareous foraminifers than conodoRseudostaffella
(Pseudostaffellp P. (Semistaffelln(Villa Otero, 1995, (Pseudostaffellais common throughout the upper
pl. 5, figs. 9-12) and probablelectostaffella(Villa Wahoo and its appearance is probably synchronous,
Otero, written commun. to Brenckle, April 1996). liwhereas that ofdiognathodusis variable because of
would seem more plausible to brigy marblensisnto  generally unfavorable conodont facies. Environmental
Europe directly from South America than to proposefactors apparently restricted the appearance of

circuitous migration around the Arctic shelf. IdiognathodusbelowP. (Pseudostaffellgin the Lisburne
in contrast to sub-Arctic North America where the
CONODONTS conodont genus occurs abundantly and consistently from

Lisburne conodont biostratigraphy from northeastethe beginning of its range. Nevertheless, the evidence
Alaska is discussed in detail by Krumhardt and othergicates that the stratigraphic succession of the two taxa
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[ Jland [ |marineshelf [ | deep water

Figure 8 Middle Pennsylvanian paleogeographic reconstruction modified from Golonka and others (1994). Solid arrow represents
the major (Arctic) pathway across the North Slope (NS) for migration of calcareous microfossils from Eurasia into the
North American-Andean Realm during the Late Mississippian and Pennsylvanian. Open arrow represents direction of
possible intermittent incursions of calcareous microfossils into the Amazonian seaway (AS) from North Africa and western
Europe during the Early to Middle Pennsylvanian

is the same within North America. Since this is the casmntinuation of the Katakturuk River locality about

the age discrepancy in the appearancePof 0.4 km to the east, begins in the recrystallized zone at
(Pseudostaffellsbetween sub-Arctic North America andhe top of the Alapah Limestone and continues through
Alaska is considerably less than that between sub-Ardiiee overlying Wahoo Limestone into the basal beds of

North America and Eurasia. the overlying Echooka Formation; 155 samples were
analyzed for microfossils.
LOCALITY REGISTER Mosquito Ridge section, eastern Brooks Range:

SW1/4 NW1/4 sec. 13 and SE1/4 NE1/4 & NE1/4 SE1/4
Sohio Sag Delta 6 well, NE1/4 SE1/4 sec. 2, T. Kec. 14, T. 1 N., R. 44 E., Demarcation Point B-1
N., R. 15 E., Beechey Point B-3 Quadrangle Map, U.Quadrangle Map, U.S. Geological Survey, 1956, scale
Geological Survey, 1955, scale 1: 63,360. Core samples63,360. The section consists of the basal Alapah
were taken from the upper Alapah and Wahoddmestone and the underlying Endicott Group. It is
Limestones; 219 samples were analyzed for microfossliscated on a southeast-facing hillside about 6 km
Katakturuk River section, western Sadlerochitorthwest of the Clarence River Southwest section;
Mountains: SW1/4 SW1/4 sec.19, T. 3 N., R. 27. E19 samples were analyzed for microfossils.
Mt. Michelson C-3 Quadrangle Map, U.S. Geological Clarence River Southwest section, eastern Brooks
Survey, 1955, scale 1: 63,360. The section, measuRahge: W1/2 SE1/4 sec. 21 and NE1/4 NW1/4 & NW1/4
along the west river bank, begins at the base of tNE1/4 sec. 28, T. 1 N., R. 45 E., Demarcation Point
Alapah Limestone and ends at the Alapah-WahoB-1 Quadrangle Map, U.S. Geological Survey, 1956,
Limestone contact at the top of the recrystallized zorszale 1: 63,360. The section begins at the Endicott-
116 samples were analyzed for microfossils. Alapah contact on the upper part of a south-facing
Katakturuk River West section, western SadlerocHiillside and continues down the north-facing dip slope
Mountains: SE1/4 SE1/4 sec. 24, T. 3 N., R. 26 E., Mif that hill until it ends in the upper Alapah along the
Michelson C-3 Quadrangle Map, U.S. Geologicallarence River; 158 samples were analyzed for
Survey, 1955, scale 1: 63,360. The section, microfossils.
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Clarence River Northeast section, eastern Brooksmstrong, A.K., and Mamet, B.L., 1975, Carboniferous
Range: W1/2 SE1/4 & NE1/4 SW1/4 sec. 22, T. 1 N., biostratigraphy, northeastern Bropks Range, Arctic Alaska:
R. 45 E., Demarcation Point B-1 Quadrangle Map, U.S. U-S. Geological Survey Professional Paper 884, 29 p.
Geological Survey, 1956, scale 1: 63,360. The section 1977, Carboniferous microfacies, microfossils, and
is on a south-facing cliff along the right bank of the corals, Lisburne Group, Arctic Alaska: U.S. Geological

: . Survey Professional Paper 849, 144 p.
Clarence River 1 km east of the Clarence Rivey, :
South . It begi in th Al %rd, K.J., 1980, Petroleum exploration of the North Slope,
_OUt west section. _t egins in the quer apa Alaska,in Mason, J.F., ed., Petroleum geology in China:
Limestone and continues to the overlying Wahoo principal lectures presented to the United Nations

leeStone-EChOOka FOI’matIOH COﬂtaCt, 172 Samp|eS International mee“ng on petro|eum geo|ogy’ Be|J|ng,

were analyzed for microfossils. March 1980: Tulsa, PennWell Publishing Company,
p. 233-248.
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ENIGMATIC SOURCE OF OIL FROM CHUKCHI SEA,
NORTHWESTERN ALASKA

by
Arthur C. Banet, Jr! and Thomas C. Mowatt

ABSTRACT

North Slope exploration is expanding to the Chukchi Sea. Thus far, five wells have been drilled in this vast
province. This drilling has yielded noncommercial discoveries of gas or oil in four wells, drilled on the
initially perceived most-promising prospects. With some modification, the major stratigraphic depositional
systems of the North Slope persist offshore. However, indigenous and primary reservoir properties are
limited to the Neocomian Breakup Sequence sandstones, rather than the Ellesmerian reservoirs of the
Prudhoe Bay area found downsection.

Of the known North Slope oil-source rocks, geochemistry shows that the predominantly carbonate Shublik
Formation is the richest source rock of the Chukchi area. However, the Chukchi oil does not correlate well
with the Prudhoe oil suite which is also derived from the Shublik. Instead, the chemistry of the Chukchi oil

indicates it is derived from marine clastic rocks. Drilling in the Chukchi Sea shows that none of the potential
marine clastic rocks have sufficient organic richness or kerogens to generate oil.

INTRODUCTION

The United States’ portion of Chukchi Outer Basement rocks are unconformably overlain by the
Continental Shelf (OCS) encompasses some 130,0fttherly-derived Ellesmerian sequence (Lerand, 1973).
km,? located between northwestern Alaska and thgpper Mississippian through Triassic Ellesmerian rocks
Chukhotsk Peninsula and south of latitude (fi@. 1). include carbonate, shale, and predominantly quartzitic
It is entirely north of the Arctic Circle and probably theandstone. These sediments covered a south-facing,
most remote part of OCS to explore. Onshore exploratipassive continental margin. Exploratory drilling near the
drilling began in the 1950s around Barrow and spreadast has revealed much about proximal depositional
southwest. Government-sponsored drilling and, latgmvironments (versus correlative distal depositional
drilling by industry, took place during the 1970s andnvironments, as exposed in the Brooks Range). The
1980s. Gas shows were common but developmentSadierochit and Endicott sands are important reservoirs
limited to the Barrow area. To date, five wells have tested Prudhoe Bay; Lisburne carbonates are of less

the offshore. importance. The Ellesmerian section is uplifted and
truncated from highs along the Barrow Arch.
REGIONAL GEOLOGY The Jurassic through Lower Cretaceous “Breakup

Sequence” records the transition from northerly to
Across the North Slope, Proterozoic through uppsbutherly derived sedimentation. Onshore, the coarse-
Devonian basement rock consists of various schigtained members are restricted to the Barrow Arch and
quartzite, carbonate, and argillite lithologies. In thgre found in the subsurface along the present coast. They
Chukchi area, regionally extensive carbonatgre known as (or correlative to) Carman and Hardwick’s
depositional sequences attain thicknesses of sevesatrovian Sequence (1981) [Craig and others (1985),
thousand meters. Basement complex is shallowest in tiigt Sequence; and Hubbard and others (1987),
subsurface along the present-day coastline. From #eaufortian Sequence]. Where preserved, the Breakup
Pt. Barrow area, it plunges southeast as the Barrow Arglaquence records the effects of rifting events that
which is a series of Late Jurassic to Early Cretacedugiated formation of the Arctic basin (fig. 1). The Lower
uplifts which formed concordantly with rifting eventsCretaceous unconformity refers to the culmination stage
(fig. 2). Generally, the North Slope’s prerift, southof uplift, truncation of the Ellesmerian section, and some
dipping sediments are uplifted and truncated to varyimgisement lithologies along the Barrow Arch during the
extents on the arch’s south flank (fig. 3). rifting events on the North Slope. However, within the

1Bureau of Land Management, Anchorage, Alaska 99507.
2Consultant, Port Orford, Oregon 97465.

37



38

S+1orT NoTeEson ALaska GeoLocy 1997

oS

of Colville basin

Figure 1.Location map showing Alaska, NPRA, Arctic Canada, U.S. Chukchi (shaded), and axes of Colville and Sverdrup
Basins (dashed).
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Breakup Sequence, local and internal unconformitieéagnostic biomarker 28,30-bisnorhopane. The Shublik
within the Jurassic Kingak Shale are numerous aRdrmation present in the Chukchi Sea is lithologically
usually of limited lateral extents, indicating lesser eventsimilar and has very good source-rock characteristics.
Breakup Sequence sands having reservoir potential Jurassic through Lower Cretaceous Breakup
are thinner than and less areally extensive than Prudi8egjuence sands and shales overlie the Ellesmerian
Bay area reservoirs. These sands record depositgmttion. Unlike the onshore part of the North Slope, the
directed from several isolated and ephemeral highs. Th@e-Bajocian part of the Kingak Shale has been widely
are petrographically mature quartz arenites and siminoded from the Chukchi platform. The upper Kingak
to the Sadlerochit Group and Endicott Group reservoihale is also comparatively thin and is missing from the
at Prudhoe Bay. Diamond well (fig. 2). In the Lower Cretaceous section,
In contrast, subsequent southerly derived Brookiaands are mostly fine grained, well sorted quartzose
sequence (Lerand, 1973) depositional sequences corsitiitharenites—quartz litharenites. Medium- to coarse-
mostly of shale and chert litharenites. These ageained fabrics and detrital clays are subordinate. There
predominantly regressional depositional sequenca also traces of chert, argillaceous clasts, and carbonate
which extend from onshore through the entire Chukchrains (Mowatt and others, 1995). Typically, these
area. Hubbard and others (1987) describe regiomakakup Sequence sands rest on or are stratigraphically
Brookian sedimentation consisting of distinct pulses akar the Lower Cretaceous unconformity.
east-northeast-trending clastics. After filling the Colville Brookian sediments are interbedded, predominantly
Trough, their distal portions overstep the Barrow Arctine- to coarse-grained chert litharenites, siltstones, and
and fill both the Chukchi and Beaufort platforms. Thghale from marine through lacustrine and coal-bearing
Torok Formation (Aptian) and mostly nonmarinenvironments. Lower Brookian rocks range from post
Nanushuk Group (Albian) record Lower to middleifting lower to mid-Cretaceous and overlie the Breakup
Cretaceous sedimentation in the western part of tBequence across the Chukchi (Thurston and Theiss,
North Slope. Upper Cretaceous through Lower Eoceh®87). These are equivalent to the Nanushuk Group and
middle Brookian rocks overlie the Nanushuk Group aridbrok Formations. Onshore, these units crop out in tight
are restricted to the central and eastern parts of the Naymmetrical folds that form the Brooks Range foothills.
Slope. Post-Middle Eocene, upper Brookian clasti€ffshore, correlative rocks crop out at the sea floor. Pre-
overlie the Nanushuk Group in the Chukchi and Middlaulting burial has generated subbituminous coal

Brookian rocks to the east. throughout the section. Offshore exploration drilling
shows the basal Tertiary section has impressive reservoir
CHUKCHI GEOLOGY potential with thick sandstones, up to 165 m (Sherwood

and others, 1995). The overlying upper Brookian
Recent exploration drilling in the Chukchi Sea hasonsists of loosely consolidated sands, silts, and clay.
penetrated middle Ellesmerian Lisburne Group
carbonates of Late Mississippian age. Seismic daBEQCHEMISTRY
indicates these carbonates are very thick in the Chukchi
Sea, as are the underlying clastic units and older The Prudhoe oil is the most significant oil type on
carbonates (Thurston and Theiss, 1987). Thrétee North Slope in terms of volume, geographic extents,
exploration wells have encountered upper Ellesmeriaand economic development potential. It is the yardstick
late Permian clastic rocks. These fine-grained sedimetdswhich all other North Slope oils are compared.
correlate in age to the major reservoirs of the PrudhBeudhoe oils (table 1) are found between Barrow and
Bay field, the Sadlerochit Group. Drilling data showthe Pt. Thompson area and are restricted to the subsurface
the sands have appreciable thicknesses wheafahe coastal plain. Prudhoe oil does not occur at seeps
encountered. However, these Sadlerochit lithologies laok oil-stained sandstones. The geochemical signature
appreciable reservoir characteristics in this part of timicates it is a marine oil type, derived from the Shublik
Chukchi Sea. and Kingak Formations and Pebble Shale unit (Seifert
The Triassic Shublik Formation is the main sourcend others, 1980; Magoon and Claypool, 1981).
rock for the Prudhoe Bay oil (Seifert and others, 1979hermally mature and nonbiodegraded, it has high
Logs from the Chukchi Sea and across the North Slopéfur content (greater than 1%), high metals (Ni and
describe the Shublik Formation as interbedded sil§) contents3C isotopes between about -29/@ and
limestone or limy siltstone and shale with abundant fossi0.5%o0, and API gravities ranging from 2@ about
and phosphate nodules. In the Prudhoe Bay area, keroglis(averaging about 2% Biomarker hopane and
from carbonate facies provide the high sulfur contersterane contents are present in low concentrations and
high metals content, high diasterane content and tmgstane:phytane ratios are about 1.0 (table 1).
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The Shublik Formation is a marine carbonate facilsermally mature than the Prudhoe oil. Umiat oil is
rich in sapropelic organic material. Phosphate nodulssind in both wells and seeps in the foothills and on
and shale are common; Shublik kerogens contributda coastal plain.
the high sulfur content, high metal content, and triterpane Exploration drilling shows that correlative source-
biomarker parts of the Prudhoe oil (Banet, 1994). Thieck lithologies are present throughout the Chukchi
Kingak kerogens are a likely source of diasteranes shelf. Figure 5 shows the general area where these pre-
the Prudhoe oil and also modified its isotopic signaturBrookian source rocks are projected to be thermally
Pebble Shale kerogens, where thermally mature, afeature. Total Organic Carbon (TOC) values are high
contribute both diasteranes and the extended hopameugh to suggest there is good source-rock potential
fraction to the Prudhoe biomarker spectra that are absenthe Pebble Shale unit, Kingak Shale, and Shublik
from the other two source rocks (fig. 4). Formations (fig. 6). There is also unexpected organic

The Umiat oil is another oil type found primarilyrichness in the underlying Sadlerochit Group equivalent
in NPRA and commonly compared to the Prudhoe dithology.

(Magoon and Claypool, 1981). Its chemical Geophysical and lithologic logs describe the
characteristics indicate it has been generated fronpatential source rock units at Klondike well. Compared
marine clastic source with no carbonate input (table #jith the Prudhoe Bay area, both the Pebble Shale unit
Diasterane and tricyclic contents suggest it is moasd Kingak Shale are silty and thin. Lithological

C29 norhopane

c31 €30 hopane

5 Prudhoe m/z 217 m/z 191
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Figure 4.Comparison of gas chromatographs (first column) and biomarker spectra (m/z 217 and m/z 191) from NPRA (modified
from Magoon and Claypool, 1985). m/z = mass/charge.
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descriptions show the Shublik Formation consists of Geochemically, the oil from the Klondike well and
fossiliferous and interbedded, mixed carbonate, shallee minuscule amount from the Burger well share
and siltstone lithologies. The siltstone is typically chalkgimilarities, even though they have different API
and the shale is dark gray, fissile, organic-rich, and oifyravities (Banet, 1994). Figures 7 and 8 show the
Forams are common. This also describes the Shulthukchi oil has'3C ratios with a range suggestive of
Formation near Prudhoe Bay. marine sources and overall biomarker distributions
All three Prudhoe oil type source rocks are presesimilar to the Prudhoe oils. Most significantly though,
across the Chukchi Sea. They also have sufficient orgathiey lack the major geochemical characteristics common
carbon contents to be considered good source rodksmarine carbonate source rock such as the Shublik.
However, analysis of the Klondike well shows type | an@hukchi oil differences from the Prudhoe type oils
Il kerogens mostly in the Shublik Formation (fig. 6). linclude lower sulfur content (much less than 1%), lower
contrast, the Pebble Shale and Kingak Shale hawetals content, higher pristane:phytane ratios
predominantly type Il kerogens with no oil-sourcégreater than 1.5), lower V:/V+Ni ratios and
potential. They show significantly less source potentiatomatics:saturates:NSO ratios, and higher API gravity
than most areas on the North Slope. Thus, only the Shulflables 1, 2). The high API gravity and diasterane content
Formation and perhaps some facies of the Sadlerochiggest these oils are thermally altered.
Group have enough hydrogen-rich kerogens to have Many of the geochemical characteristics are similar
generated hydrocarbons for this area of the Chukchi.to Umiat oils, i.e. derived from marine clastic source
rocks. However, the biomarker distributions of the
OlL Chukchi and Umiat oils are dramatically different
(Banet, 1994). Chukchi oil has higher sterane:diasterane
Oil was recovered from the Shublik Formation atatios than those of Umiat oils. Chukchi oil spectra at
3,022 m depth from the Klondike well (OCS-Y-1482jn/z 191 have a well-developed series of extended
during a drill bit change. Examination of the loghopanes. There is a diagnostic peak for 28,30-
suggests oil is also present in a Breakup Sequersnorhopane and Ts greater than Tm. These are not
sandstone at 2,492-2,507 m. However, there were foand in Umiat oils. In addition, Chukchi oil spectra
tests. At the Burger well (OCS-Y-1413), repeatdiffer from those of Prudhoe oil at m/z 191. These spectra
formation tests yielded hydrocarbons from a Breakughow that the Chukchi oil has fewer tricyclics,,C
Sequence sandstone between 1,695 and 1,727mmuch less than £ hopane, and Ts equal to or greater
Abundant dry gas and a few milliliters of liquidthan Tm (figs. 4, 9). Chukchi oils have the chemical
hydrocarbon were recovered (table 2); so far, these ahmmacteristics of being derived from a marine clastic
the only data available. sourceHowever, the geochemical data and source-rock

Table 2.Comparison of geochemical data

Kuparuk Prudhoe Umiat Klondike Burger
Depth 1,770-1,920 2,560-2,745 to 300 3,022 1,695
Reservoir Kuparuk Sadlerochit Nanushuk Tria8sic Breakup
Temperature 65 93 <32 95 52
Gas cap no yes no no yes
API gravity 24 22-32 19-39.2 35.3 32-57
% Sulfur 1.67 0-79-1.49 0.04-0.29 0.18 0.04-0.06
Gas:olil ratio 450 730 -- -- --
% saturates 38.9 38.9 67 66.2 70.5
% aromatics 55.1 54.4 33 26.1 11.0-21.3
pr/ph <1.50 1.0 >1.5 1.9 1.4-1.7
CPI 1.0-1.5 0.97 1.02-1.05 -- --
Ni 217 10-30 0.2-4.5 -- 0.9
\% 58.0 20-60 0.2-0.7 -- 0.35
V:V+Ni 0.73 .62-.74 0.11 -- 0.28
13C ppt -30.2 -29.89 -- -30.56 -28.3
Triterpanes tri/pent 0.63 0.11-0.27 0.51 0.57 --

4 ogs show oil in Breakup Sequence sand recoved from Triassic.
- - = No data.
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analyses show it is not derived from the same sourceirgsrpretations suggest there is no difference between
the Umiat oils. the Shublik Formation where it is thermally mature in
This, then, is the enigma of the Chukchi oil. Wheredke Chukchi Sea and around Prudhoe Bay. This
its chemical signature indicates it is derived from a mariseggests the Shublik Formation generates two
clastic source-rock, none of the marine shales in thestinctly different oils from the same source
Chukchi have kerogens with sufficient properties to halihologies.
produced oil. Only the Shublik Formation has sufficient One possible explanation may come from
organic carbon, requisite kerogen types, and necessaysidering a proposed prerift geometry of the Arctic
thermal maturity to be the source of the oil, as it is aroufifiilleur, 1973). A clockwise rerotation of the land
Prudhoe Bay. However, the Chukchi oil is dramaticalijpasses closes the Arctic basin and restores the original
different. Parrish (1987) describes regional variatioqmsitions of the sediment sources This reconstructed
within the Shublik Formation lithology; however, hererotation juxtaposes the North Slope Colville and
projections of the Shublik depositional facies and the I&yerdrup basins (fig. 8). Embry and others (1994) show
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stratigraphic and paleontologic correlations that supp&tlfur contents are low, metals contents are low,
prerift similarities between the Tunalik well in westerpristane:phytane ratios and saturates:aromatics:NSO
NPRA and the Canadian Arctic Islands, Brock 1-20, amdtios are also similar to those of the Chukchi oil. In
Cape Norem A-80 wells in the Sverdrup Basin. addition, the biomarker spectra are nearly identical,
Brooks and others (1992) and Curiale (1992hcluding low triterpane content, no ,EC,,
demonstrate that the Sverdrup oils and condensateskasaorhopanes, & much less than Lhopane, and a
from a single genetic family and originate from organisvell-developed extended hopane series. The
rich facies within the Triassic Schei Point Groupconcentration of Ts is greater than the concentration of
Geochemical variations reflect differences in thermam in only these and the Chukchi oils of the ten types
effects (Curiale, 1992). Limestone, calcareoudentified on the North Slope. These oil and source-rock
sandstone, and black organic-rich shale compose twrelations are as well supported by the available data
source rocks of the Schei Point Group (Stuart-Smith aad any of the current oil-oil and oil-source rock
Wennekers, 1977). These lithologic descriptionsorrelations on the North Slope (Banet, 1994).
correspond well with those for the Shublik Formation. By considering the rerotation of the Arctic Basin,
Table 3 and figure 9 show the geochemical analys#e spatial relationship between the Chukchi oil and the
and biomarker distributions for the Sverdrup Basin oil§hublik Formation assumes a new perspective.

W. Hecla m/z 217 - m/z 191
RM
Thor P38

U b i

Figure 9.Comparison of gas chromatographs (first column) and biomarker spectra (m/z 217 and m/z 191) from Sverdrup
Basin. m/z = mass/charge.
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Lithological and subsequent geochemical relationshifgrman, G.J., and Hardwick, Peter, 1983, Geology and
may be more closely related between the Chukchi Searegional setting of the Kuparuk River Oil Field: American
and Sverdrup Basin areas than between the Chukchi Sedissociation of Petroleum Geologists Bulletin, v. 67, no. 6,
and Prudhoe Bay areas. This intriguing relationship P- 1014-1031. _
suggests that the Shublik Formation is a potential soué)rg'g’ J.D., Sherwood, KW, and Johnson, P.P., 1985, Geologic
. . . . report for the Beaufort Sea Planning Area: Regional
rock_ with vast regional extents like none other in the geology, petroleum geology and environmental geology:
Arctic. Consequen.tly the d?monStrated Ellesmerian(!) y.s. Minerals Management Service Outer Continental
petroleum system in operation around the Prudhoe Bay ghelf Report MMS 85-0111, 192 p.
area may only be a small part of its true potential.  Curiale, J.A., 1992, Molecular maturity parameters within a
Despite the good geochemical fit between the single oil family; a case study from the Sverdrup Basin,
Chukchi and Sverdrup oils, the enigma of the Shublik Arctic Canadajn Moldowan, J.M., Albrecht, P., and
Formation as a source rock still remains. On a regional Philp, R.P., eds., Biological markers in sediments and
scale, the Shublik Formation retains its lithological Petroleum; a tribute to Wolfgang K. Seifert: Englewood

character. But despite its persistent carbonate facies, tEhrln Cr')'/ffi'\ EJ’I\/FI}::?J:;/%MH;”’IEA 92;5:;32)}0 and Wall. 1H
organic-rich unit generates two distinctly different oils. 1994, Correlation of the Pennsylvanian-Lower Cretaceous
succession between northwest Alaska and southwest
SUMMARY Sverdrup Basin: Implications for Hanna Trough
Stratigraphyjn Thurston, D.K., and Fujita, Kazuya, eds.,
Oil discovered in the exploration of the Chukchi Sea 1992 Proceedings International Conference on Arctic

has been generated from kerogens from the carbonateMargins: U.S. Minerals Management Service study, MMS
and clastic facies of the Shublik Formation. None of the 94-0040, p. 105-110.

other possible source rocks in the Chukchi Sea havebbard, R.J., Edrich, S.D., and Rattey, R.P., 1987, Geologic
enough kerogens to have generated oil. Although the ev_olution an_d hyd_rocarbon habitat of Fhe ‘Arctic Alaskan
Shublik Formation is the major source of the Prudhoe Microplate’in Tailleur, I.L., and Weimer, Paul, eds.,
Bay oils, the Chukchi oil is dramatically different. It Alaskan North Slope geology: Bakersfield, CA, Pacific

. . Section, Society of Economic Paleontologists and
does not have the high metal contents, high sulfur Mineralogists, Book 50, v. 2, p. 797-830.

contents, or pertinent biomarkers found in carbonatgang Monti, 1973, Beaufort Seéa,McCrossan, R.G., ed.
source rocks of the Prudhoe oils—thus the geochemical The future petroleum provinces of Canada—Their geology

enigma. and potential: Canadian Society of Petroleum Geologists
Regional considerations indicate the important Memoir 1, p. 315-386.

paleontologic, stratigraphic and lithologic correlation&lagoon, L.B., 1988, Identified petroleum systems in the
between the pre-Lower Cretaceous section of the United States—199@ Magoon, L.B. ed., The petroleum
Chukchi area and the Sverdrup Basin of the Canadian éyescgleom&IStSa:L:\feOfBEﬁzteiﬁrfglgngglvrl)ethOdsy 1990, U.s.
Arctic IsI_ands. Both areas have .an uppe_r -l—.rlass'lﬁhgoon, EB and CI)z/aypooI, G.E, 1‘985, Alaska North Slope
phqsphatlc (;arbonate and shale unlt—_organlc-rlch UNItS o /rock correlation study: American Association of
which are oil source rocks. A comparison between the patroleum Geologists Studies in Geology, no. 20, 682 p.
Chukchi oil and Sverdrup Basin oils supports these 1981, Two types of oil on North Slope, implications for
correlations. Whatever ultimate mechanism for creating exploration: American Association of Petroleum
the Arctic basin may be deciphered, the juxtaposition Geologists Bulletin, v. 65, p. 644-652.

of the Chukchi area to the Sverdrup Basin also sugge¥gore, T.E., Wallace, W.K., Bird, K.J., Karl, S.M., Mull, C.G.,
the vastness of the Shublik Formation as the most and Dillon, J.T., 1992, Stratigraphy, structure, and geologic

important and productive regional source rock for oil. Synthesis of northern Alaska: U.S. Geological Survey
Open-File Report 92-330, 189 p., 1 sheet, scale 1:500,000.

Mowatt, T.C., and Banet, A.C., Jr., 1994, Petrography and
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EMSIAN (LATE EARLY DEVONIAN) FOSSILS INDICATE A
SIBERIAN ORIGIN FOR THE FAREWELL TERRANE

by
Robert B. Blodgett!l

INTRODUCTION

Recent years have witnessed the rise of tlermian), now have convinced the author that this
hypothesis that nearly all of Alaska, as well as much ebntinental margin sequence originated from the
the western Cordillera of North America, is compose8iberian continent, rather than northwestern North
of numerous discrete, accreted tectonostratigrapiimerica.
terranes (Coney and others, 1980; Jones and others,

1981, 1982, 1986, 1987; Nokleberg and others, 199®EVON|AN BIOGEOGRAPHY

The only exception to this in Alaska is represented by

the small triangular area of the Nation Arch in east- The study of Devonian marine biogeography has
central Alaska (fig. 1). This area is composed primarilyeen the subject of considerable attention in the literature
of Precambrian and Paleozoic rocks that representoanearly 30 years now. Most of these studies have relied
continuation of similar rocks exposed farther to the eamt three primary groups: brachiopods (Boucot, 1974,
in the Ogilvie Mountains of the Yukon Territory. Thel975; Boucot and others, 1969; Johnson, 1970, 1971,
autochthoneity of these east-central Alaskan Paleozdwhnson and Boucot, 1973; Savage and others, 1979;
rocks is supported by both lithic continuity andVang Yu and others, 1984); rugose corals (Oliver, 1973,
paleontological evidence. Faunal evidence for this 1876, 1977; Oliver and Pedder, 1979, 1984; Pedder and
especially notable in Early Devonian age strata, as th€3léver, 1990); and trilobites (Ormiston, 1972, 1975;
contain faunas typical of North American miogeoclindobayashi and Hamada, 1975; Eldredge and Ormiston,
and cratonic strata in northwestern and Arctic CanadE@79). Other faunal groups have also been studied to a

In this paper, however, attention is focused on newllgsser degree [that is, gastropods (Blodgett, 1992;
acquired faunal data of important biogeographiBlodgett and others, 1988, 1990; Forney and others,
significance from late Early Devonian (Emsian) agg981); and ostracodes (Copeland and Berdan, 1977;
strata of two terranes, the Nixon Fork and MystiBerdan, 1990)], but are in virtually full agreement with
situated in west-central and southwestern Alaska. Thestablished biogeographic patterns shown by the more
terranes, along with Dillinger terrane, were recognizedmmon and better studied faunal groups mentioned
by Decker and others (1994) to be genetically relatathove.
and were reduced in rank to subterranes of a larger The highest level of provincialism in Devonian
terrane, termed the Farewell terrane (fig. 1). Othararine faunas occurred during the later two stages
terranes in interior Alaska such as the Minchumina, E4Bragian and Emsian) of the Early Devonian (Boucot,
Fork, and Livengood are also probably geneticallQ75, 1988; Blodgett and others, 1988). Both before
related to the Farewell terrane, and together represeiand after, the levels of provincialism vary from moderate
locally highly deformed continental margin sequende low, with the Middle Devonian evincing steadily
composed primarily of Neoproterozoic to Paleozoideclining levels of endemism from the Eifelian into the
strata. Previous interpretation of the grossucceeding Givetian. The Late Devonian, including both
lithostratigraphy and faunal affinities of the most wellthe Frasnian and Famennian, is considered to be
studied subterrane, the Nixon Fork, has previously beeimaracterized by a remarkably high level of
suggested to indicate either fragmentation from or lithtdsmopolitanism at the generic level, although
continuity with northwestern Canada (Blodgett, 1988indoubtedly detailed future study will still show distinct
Churkin and others, 1984; Blodgett and Clough, 198Biogeographic provinces on the basis of the distribution
Rohr and Blodgett, 1985; Abbott, 1995). Newly acquiredf both species and some genera.
biogeographic data from Emsian (late Early Devonian) Rich, abundant, diverse megafaunas are known from
strata of the Farewell terrane, along with reconsideratiboth early Middle (Eifelian) and early Late (Frasnian)
of the affinities of faunas and floras of other tim®evonian faunas of the Farewell terrane. The Eifelian
intervals (Middle Cambrian, Late Ordovician, andaunas were thought to show their strongest similarities

1Department of Zoology, Oregon State University, Corvallis, Oregon 97331.
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with those of northwestern Canada (Blodgett, 1988ifferentiate faunas biogeographically between these
1992; Blodgett and others, 1990), although strorageas, it is best to use evidence from the middle and late
affinities are also noted to Siberia and the Urals (Baxteéarly Devonian (Pragian and Emsian), when global
and Blodgett, 1994). Frasnian faunas of the Farewelhdemism was relatively high. Unfortunately, until
terrane show close biogeographic ties to western Nortétently virtually no biogeographically useful collections
America, Novaya Zemlya, Taimyr, and Kolymaeof these ages were available to the author from this
(Blodgett and Gilbert, 1992a; W.K. Braim Blodgett, terrane. At this time, however, biogeographically
1983, p. 128). Differentiation between Siberia andistinctive Emsian collections have been examined from
northwestern Canadian faunas during the Middle atdo localities, which now indicate strong Siberian and
Late Devonian is difficult, because both areas shdoealian—rather than western or Arctic Canadian—
many of the same genera, due to the moderate to laffinities and origin for this terrane.

level of endemism during this time interval. To better

0 600 km

Figure 1Generalized map showing location of major tectonostratigraphic terranes in Alaska and northwestern Canada (modified
from Coney and others, 1980). Dashed pattern, North American autochthonous basement. Barbed arrows indicate direction
of major strike-slip movements. F - Farewell terrane; | - Innoko; R - Ruby; G - Goodnews; P - Peninsular; Cg - Chugach;
Cl - Chulitna; W - Wrangellia; PM - Pingston & McKinley; Sp - Seward Peninsula; En - Endicott; Kv - Kagvik; NS - North
Slope; YT - Yukon-Tanana; TA - Tracy Arm; Ax - Alexander; T - Taku; St - Stikine; Ch - Cache Creek; E - Eastern Assemblage.
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BIOGEOGRAPHICALLY area), or northwestern and Arctic Canada. Another strong
DISTINCTIVE FAREWELL Siberian linkage of the brachiopod fauna is shown by

the presence of the brachiopod gedldanispirifer,
TERRANE EMSIAN FAUNAS described originally from northeastern Siberia, and also

The first locality is from the Nixon Fork subterraneunknown from either northwestern or Arctic Canada.
It consists of a number of collections from thre# fact, the now extensive collection of “Reef Ridge”
measured sections of a distinctive marker unit &fachiopods assembled by the author shows not even
limestone and minor shale of early Emsian age in tR8€ species in common with equally extensive—but
Medfra B-3 Quadrangle (fig. 2, loc. 1). This unit, whiclgven more richly diverse—Emsian brachiopod fauna
is about 150 m thick, is well exposed in a north-trendiriifithered by the author from the Ogilvie Formation of
ridge, long known informally as “Reef Ridge” byeast-central Alaska and adjacent Yukon Territory. The

mineral-company geologists. It is repeated twice d9tter formation forms a western terminus of the
thrust faulting along this ridge, which is located igxtensive carbonate platform that then constituted part
section 23, T. 24 S., R. 23 E. of that quadrangle. TREthe miogeoclinal assemblage of the North American
entire succession is thought to represent shallow, subtigi@tinent during late Early Devonian time.
to open shelf depositional environments (Chalmers and Rugose corals identified by Pedder from the “Reef
others, 1995). Carbonate rocks include packstorfRidge” unit consist mostly of solitary forms and
wackestone, and mudstone; locally, favositid coral hea@igminated by relatively undiagnostRseudoamplexus
are common in the limy intervals, reaching up to 1 m ftaicus Lithophyllumspp., and raréonophyllunfrom
diameter. Some channels of probable tidal origin bearidg-3 to 57.3 m. From 65.2 to 111.9 m corals include
reworked bioclasts and lithoclasts are present. ThiggizophyllumschischkaticumLythophyllumspp.,
prominent, richly fossiliferous shale intervals occupseudoamplexusitaicus new species atelophyllum
interbedded with the dominantly carbonate section; tA¢athophyllumand a new species. Pedder noted that
shale intervals are thicker in the upper part of the sectigihough undescribed, these higher faunas are related
as is characteristic of deepening-upward shelf sequend@sarly Emsian Kolymian loop coral faunas of Siberia.
This unit, bounded above and below by dolostone, forf8§th the brachiopod and rugose coral element of this
a distinctive regionally mappable subunit within th&una is distinctly Siberian in character. Thus, it is now
Whirlwind Creek Formation of Dutro and Patton (1982proposed that during Emsian time the Nixon Fork
and should ultimately be given a separate stratigrapi¢dterrane of the Farewell terrane was biogeographically
name. Megafossils are especially abundant in the m@&'t of the Uralian Region, which included faunas of
shaly intervals, and include brachiopods, rugose aR@th Siberia and the Urals.
tabulate corals, leperditiid ostracodes, echinoderm The second locality is situated in the Mystic
ossicles, bivalves, gastropods, and trilobites. THeUbterrane, and consists of a small (but bio-
brachiopod, rugose coral, and conodont faunal elemef@i@@graphically highly significant) collection made by
of this unit were briefly discussed by Blodgett and otheB§uce L. Reed (his locality 75AR67) in 1975 from
(1995). Conodonts (identified by N.M. Savage) frorEMmsian age limestones. The locality was described as a
throughout the unit indicate an early Emsian agtocally derived slump block” (Reed and Nelson, 1980,
(Polygnathus dehiscens Zone). Brachiopods and rugbdgle 1, locality 17) in the Shellabarger Pass area,
corals (identified by R.B. Blodgett and A.E.H. Peddefalkeetna C-6 Quadrangle. The author has had an
respectively) from this interval also indicate an earPpPortunity to examine this collection and has noted
Emsian age. abundant two-holed crinoid ossicles, atrypid
Brachiopods are represented by over 30 specifsachiopods, and the brachiopdddelinia, Eospirifer,
of which the common element are rhynchonelligghdJanius The gypidulid genusvdeliniais a typical
(notably uncinulids). Genera present includ®!d World Realm taxon, and is common in the Rhenish-
Plicogypa, Stenorhynchia, Taimyrrhynx, “Uncinulus” Bohemian and Uralian Regions but almost wholly
Nordotoechia?, Spinatrypa, Nucleospira, ProtathyrieannOWﬂ in the Cordilleran Region of the Old World
Howellella,andAldanispirifer. Diagnostic species from Realm which, in the Emsian, included the areas of Arctic
this unit includePlicogypacf. kayseri (Peetz), and western Canada and Nevada. Only two species of
Taimyrrhynx taimyrica(Nikiforova), “Uncinulug Ivdelinia have been described from Emsian-Eifelian

polaris Nikiforova, andHowellella yacuticaAlekseeva. Strata of the Cordilleran Region: these argelinia
These species are known from various parts of Sibe@idnnellensisBrice, 1982 andvdelinia (Ivdelinellg)
(Kolyma, Taimyr, and Kuznetsk Basin) and ArcticellesmerensiBrice, 1982, both of which occur in the
Russia (Novaya Zemlya), and are unknown frofganadian Arctic Islands. The Shellabarger Rafslinia
equivalent age strata of east-central Alaska (Nation Artshduite distinct from both of the above species and is
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Figure 2.Generalized geologic map of southwestern and west-central Alaska showing location of the two cited Emsian age
fossil localities and component subterranes (Dillinger, Nixon Fork, and Mystic) of the Farewell terrane. Map modified
from Blodgett and Gilbert (1992). Dillinger subterrane here includes East Fork terrane of Dutro and Patton (1982). Map
symbols: 1, “Reef Ridge” area, Medfra B-3 Quadrangle; 2, Shellabarger Pass, Talkeetna C-6 Quadrangle; NX - Nixon
Fork subterrane; DL - Dillinger subterrane; MY - Mystic subterrane.
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more closely related to species described from the Upaiesent in the Shublik Mountains of the northeastern
Mountains. Likewise, botRospiriferandJanius as well Brooks Range. Gastropods from the Lone Mountain
as the subfamily that includes them, the Eospiriferinaggction are most similar to species from the York
are nearly totally unknown anywhere in Early DevoniaMountains of the Seward Peninsula (Blodgett and others,
or Eifelian strata of the Cordilleran Region of the Old992), the latter area being considered to represent an
World Realm. The only exception is the report of theastward continuation of Chukotka.

genusJaniusor “Janius” as an uncommon element in  Late Silurian (Ludlovian) algal reef complexes are
Emsian faunas of the Royal Creek area, Yukon Territowidely recognized along the seaward outer margin of
(Perry and Lenz, 1978; Savage and others, 1979 the Nixon Fork subterrane (Blodgett and others, 1984;
196). In contradistinction, however, eospiriferinidBlodgett and Clough, 1985; Blodgett and Gilbert, 1992b;
brachiopods are reported as common elementsGlough and Blodgett, 1985, 1989) as well as in single
Emsian strata of Siberia (Kolyma, Kuznetsk Basin) arisblated buildup present in Mystic subterrane (Rigby and
at numerous localities throughout the Uralian seawaythers, 1994). The most abundant and characteristic
As with the Nixon Fork subteane, the Emsian faunal element of these peculiar algal buildups are
brachiopod fauna of the Mystic subterrane also appeaghrosalpingid sphinctozoans (Blodgett and others,
to biogeographically belong to the Uralian, not th#984; Clough and Blodgett, 1985, 1989). These sponges

Cordilleran, Region of the Old World Realm. previously had been recognized only in Upper Silurian
strata of the Ural Mountains of Russia, but the
BIOGEOGRAPHICALLY occurrence of this group has recently been documented
and illustrated by Rigby and others (1994) from
DISTINCTIVE FAREWELL southwestern and west-central Alaska (Nixon Fork and
TERRANE FAUNAS AND Mystic subterranes) and southeastern Alaska (Alexander
FLORAS OF OTHER AGES terrane). Brachiopods co-occurring with aphrosalpingid

sponges in algal buildups of both the Nixon Fork

In addition to the late Early Devonian examplesubterrane and Alexander terrane are also characterized
discussed above, Farewell terrane fossil faunas and fldsgsstrong Uralian affinities (Blodgett and others, 1984).
from other time intervals within the Paleozoic also indicate Mamay and Reed (1984) briefly described and
Siberian affinities and suggest a similar origin for thidlustrated Permian plants from the conglomerate of Mt.
terrane. Two stratigraphically distinct, rich, diverse MiddIBall in the Talkeetna C-5 Quadrangle, central Alaska
Cambrian trilobite faunas were discovered in 1984 Range. They considered this flora to be derived from
Nixon Fork terrane strata of the Sleetmute A-fhe Mystic terrane of Jones and others (1981). Although
Quadrangle. These were initially discussed by Palmer &hd flora shares some elements found in the southwestern
others (1985), who considered both faunas to Ipart of the United States, its most distinctive element is
representative of an outer-shelf environment anle genusZamiopteris which is characteristic of
biogeographically of Siberian aspect, with faunal elememsgaraland (Siberia) and is not known elsewhere in
previously unrecognized in North America. AlternativelyiNorth America. On this basis, it was suggested by them
it was later suggested by Babcock and Blodgett (199Rat the Mystic terrane possibly was exotic and accreted
and Babcock and others (1993) that these southwestermlaska between post-Early Cretaceous and early
Alaskan trilobite faunas of Siberian aspect may havertiary time.
dispersed in cool waters below the thermocline because
they also show strong similarity to autochthonous outerONCLUSIONS
shelf faunas of North Greenland.

In Upper Ordovician (Ashgillian) strata of the Lone Newly acquired biogeographic data on highly
Mountain area (McGrath C-4 Quadrangle, west-centialovincial late Early Devonian (Emsian) faunas from
Alaska), a rich, diverse, silicified fauna of brachiopodthe Farewell terrane—which includes the previously
and gastropods occurs, the most abundant elementiefined Nixon Fork, Dillinger, and Mystic terranes—
which is the pentamerid brachiop&cherskidium{Rohr  suggest that they probably had their origin as a rift block
and Blodgett, 1985; Potter and others, 1988; Potter apidthe Siberian (or Angaraland) paleocontinent;
Blodgett, 1992; Blodgett and others, 1992). This genalernatively, there was a separate tectonic entity in close
has not yet been unequivocally identified in NortBnough proximity to the Siberian continent for
America, but is characteristic of Ashgillian faunas fromeproductive communication to occur throughout most
Siberia (Kolyma, Taimyr, and Chukotka). The Lonef the Paleozoic. Areas of close faunal ties include
Mountain form, occurring within strata previouslyKolyma, New Siberian Islands, Taimyr, Novaya Zemlya,
assigned to the Nixon Fork subterrane, probabtiie Uralian seaway, and the Kuznetsk Basin (fig. 3).
represents a new species of this genus, which is afdthough the marine faunas of Siberia and nonaccreted
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Figure 3.Late Early Devonian (Emsian) global reconstruction showing areas of faunal linkage of Siberia (Kolyma, Taimyr,

Kuznetsk Basin, Novaya Zemlya, and Uralian Seaway) and the Farewell terrane of Alaska (modified from Scotese and
McKerrow, 1990). The dark-screened and light-screened areas indicate the distribution of Cordilleran Region and Uralian
Region faunas, respectively. Although not included by these patterns, the Arctic Alaska terrane (shown in the figure as the
block of northern Alaska and adjoining Chukotka, which has been rotated clockwise against the Canadian Arctic Islands)
and the Alexander terrane of southeastern Alaska share many faunal affinities with the Farewell terrane during the Late
Ordovician-Middle Devonian time interval, and likewise may represent Siberian rift blocks that have been subsequently
accreted to North America.

parts of northwestern North America are somewhathers, 1994). These terranes, as with the Farewell
similar during the more cosmopolitan conditions thagrrane, also are probably of Siberian origin. Thus, the
followed the Emsian in both the Middle and Latenly truly North American part of Alaska during the

Devonian, the levels of provinciality are so high durintate Early Devonian is represented by the Nation Arch
the Emsian that most species—and many genera anela of east-central Alaska, where strata of the Ogilvie
even some families and subfamilies—of brachiopod®rmation contain typical species and genera
are not shared at this time. characteristic of the similar-age North American

The strongly Siberian and Uralian cast to the Emsiamiogeoclinal strata in the Yukon and Northwest

brachiopod and coral faunas of the Farewell terrafierritories. Also, none of the Alaskan terranes bearing a
suggest that this tectonostratigraphic entity was at timgjor component consisting of Lower or Middle
time either part of the Siberian continent or was clofaleozoic strata evince an “austral” or southwestern
enough for close reproductive communication to occacific origin.

The frequent repetition of similar close faunal and floral
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GROWTH-POSITION PETRIFIED TREES OVERLYING
THICK NANUSHUK GROUP COAL, LILI CREEK,
LOOKOUT RIDGE QUADRANGLE, NORTH SLOPE, ALASKA

by
Paul L. Decker,! Gregory C. Wilson,! Arthur B. Watts,! and David Work?2

ABSTRACT

Geologic reconnaissance conducted during 1996 in the National Petroleum Reserve in Alaska (NPRA)
located an outcrop with remarkably well-preserved, growth-position petrified trees in a late Albian to
Cenomanian fluvial sandstone-coal sequence from the Corwin Formation of the Nanushuk Group. The six
upright trunks and trunk impressions found at the Lili Creek locality range from 10 to 70 cm in diameter,
and are up to 4.5 m high. A very well preserved horizontal log at least 1.6 m long is also partially exposed.
The petrified trees are encased in the overlying 6.5 m thick fluvial sandstone. Although no root balls are
exposed, some of the trees appear rooted in the upper part of the underlying coal seam or transitional
carbonaceous mudstone facies. The exposed thickness of the coal seam, including possible interbeds of
carbonaceous shale, is at least 9 m, but the base is covered. No taxonomic classification has yet been made
of the flora at this locality. The specific fluvial environment and processes responsible for the unit are open
to interpretation, but preservation of trees of this height suggests high rates of sand deposition.

INTRODUCTION

While performing reconnaissance fieldwork acrodsas been published for the Lookout Ridge B-4
the west-central fold belt of the Alaska North Slop@uadrangle. Thorough reviews of the sedimentology,
during July 1996, the authors encountered an exposdepositional history, and structural setting of the
of Nanushuk Group sandstone containing six growthtanushuk Group are provided by Ahlbrandt and others
position fossil trees overlying a thick coal seam. Th(§979), Bird and Andrews (1979), Huffman and others
short note summarizes observations gathered frdi985, 1988), Molenaar (1985), and Mull (1979, 1985).
examination of an approximately 0.4 hectare area durihtpral assemblages and age of the Nanushuk Group are
a single brief visit to the outcrop and from subsequegiiscussed by Scott and Smiley (1979), May and Shane
study of photographs taken there. (1985), and Spicer and Herman (1995).

The outcrop is located near the headwaters of Lili The main structural element underlying the Lookout
Creek, a north-flowing tributary of the Meade River, ifRidge and adjacent quadrangles is the Colville Basin, a
sec. 28, T. 1 S, R. 26 W,, in the Lookout Ridge B#preland basin filled by dominantly east-northeast-
Quadrangle (lat 69° 19.310' N., long 158° 11.258' Wdjrected progradation of Cretaceous syntectonic clastic
(fig. 1). Exposures of the Nanushuk Group in this arégdiments derived from the Brooks Range and the now-
are generally poor, but incision of the east-west-trendigbsided Herald Arch (Bird and Andrews, 1979;
escarpment by north-draining tributaries of the Meadéolenaar, 1985; Huffman and others, 1988).
River affords fair outcrops. The upland to the south &uperimposed on the basin are broad folds and thrust
Lili Creek is gently rolling and tundra covered. Soutfaults that developed as the Brooks Range compression
of this upland, modest outcrops of Nanushuk Groupoved into the foreland basin (fig. 2). The fold belt
rocks are again encountered along Lookout Ridge apiesent in the southern part of the Lookout Ridge

the drainages that dissect it. Quadrangle dies out into the coastal plain of the northern
part of the quadrangle.
REGIONAL GEOLOGIC SETTING The lithic sandstones of the Nanushuk Group, the

shale-dominated Torok Formation, and the turbidite-

The Albian-Cenomanian Nanushuk Group igominated Fortress Mountain Formation constitute a
mapped in a wide outcrop belt across the western Nontiajor Brookian clastic wedge of Aptian to Cenomanian
Slope of Alaska (Mayfield and others, 1988), includingge (Mull, 1979, 1985) that prograded into the Colville
the Lili Creek area (fig. 2). No detailed geologic mapasin with the advance of two major deltaic systems

1ARCO Alaska, Inc., P.O. Box 100360, Anchorage, Alaska 99510.
2Anadarko Petroleum Corporation, P.O. Box 100360, Anchorage, Alaska 99510.
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from distinctly different provenance areas. The largelsy Ahlbrandt and others (1979), Huffman and others
of these systems was the Corwin Delta (Ahlbrandt ai985, 1988), Molenaar (1985), and other authors.
others, 1979, Huffman and others, 1985), sourced Coals are plentiful within the Corwin Formation.
farthest to the west. The Corwin Delta prograded to tihapman and Sable (1960) reported analyses of
east-northeast over the predominantly shaly prodetiamerous Corwin Formation coals up to 4 m in exposed
facies of the Torok Formation to deposit the shallothickness from outcrops along Corwin Bluffs, Cape
marine sands of the Kukpowruk Formation, which gradgeaufort, and the Utukok, Kokolik, and Kukpowruk
upward through transitional facies into the nonmarirRRivers. The thickest of these, located on the Kukpowruk
sands and coals of the Corwin Formation (fig. River, has been measured in tunnel workings and by
(Ahlbrandt and others, 1979). Farther east, the smalgrallow drilling to vary from 5.5 to 7.2 m in true
Umiat Delta prograded mainly northward from &tratigraphic thickness (Warfield and Boley, 1966, 1969;
somewhat more quartzose provenance area (BartsClallahan and others, 1969). A high-quality Corwin
Winkler, 1979; Fox, 1979), depositing the GrandstanBprmation coal with an average thickness of about 5.5 m
Chandler, and Ninuluk Formations (fig. 3) (Ahlbrandis the focus of an experimental mining operation
and others, 1979; Huffman and others, 1985, 198&nducted by Arctic Slope Regional Corporation at
Molenaar, 1985). In this location, the Lili CreekDeadfall Syncline, 25 km southeast of Point Lay
succession is considered Corwin Formation on the ba@isimm, oral commun., 1996). Coals up to 9 m thick
of its nonmarine facies assemblage, stratigraphiere penetrated in the upper parts of the U.S. Navy
position high in the Nanushuk Group, and its settingeade and Kaolak test wells (Collins, 1958), located
within the Corwin Delta system, consistent with th86 km north-northeast and 107 km northwest of the Lili
interpretations of Nanushuk paleogeography discussereek locality, respectively. Collins (1958) considered
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those coals to be part of the Killik Tongue of the Chandldre upper several meters, consists of thick- to massive-
Formation, rather than the largely equivalent Corwinedded, very clean, vitrain-rich coal with widely spaced

Formation (fig. 3). However, recognizing thecleats (vertical fractures). Float blocks of massive

paleogeographic relationship of the these wells to thigreous coal more than 1 m on a side litter the base of
Corwin Delta (Ahlbrandt and others, 1979; Huffmathe slope, indicating that noncoal partings are absent
and others, 1985, 1988; Molenaar, 1985), the presém beds at least that thick. The presence of thick beds
authors include their nonmarine Nanushuk Groud clean coal implies a stable backswamp environment,

section in the Corwin Formation. with little clastic input from floodwaters (Flores, 1981).
Vitrinite reflectance measurements of 0.74 percent from

DESCRIPTION OF LILI cleated vitreous coal in the uppermost meter and

CREEK LOCALITY 0.72 percent in the carbonaceous mudstone interval

immediately above the seam indicate that the coal is

From a distance, the most striking characteristic Bely of high volatile bituminous rank (see equivalency
the Lili Creek outcrop is the presence of an uncommorfigales of Hood and others, 1975, and Sentfle and Landis,
thick coal seam which, although its lower parts a&991), although no rank determinations were made with
largely scree covered, forms a very steep to overhangf@fil-analysis standards of the American Society for
slope and appears to be well over 9 m thick in composhtesting and Materials. Clearly, future work will be
thickness (fig. 4). Because no measured section refuired to determine the true thickness, lateral continuity,
thorough observation of the seam was made, it is uncleak, and industrial characteristics of this seam.
if carbonaceous shale or mudstones constitute some ofWWhere observed, the contact between the top of the
this thickness. Certainly, much of the seam, particulatyjocky coal and the overlying clean, fluvial sandstones

Syst-em Outcrop Subsurface
/Series

West Central Central

Schrader Bluff Formation

Prince Creek Formation

Seabee Formation

g Schrader Bluff Fm

Prince Creek (?) Formation
Prince Creek Formation

% Seabee Formation
\" ? AN ?

\ Niakagon
— Tongue

*\\_ Ninuluk Formation

Upper part, Killik Tongue

Upper
Colville Group
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N
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AY
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Chandler Formation

Corwin Formation
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Grandstand
2 Formation Grandstand Formation

Tuktu Formation

Chandler Formation

Cretaceous
Lower
Nanushuk Group
Nanushuk Group

Kukpowruk Fm

Marine facies

Torok Formation

\

Fortress Mountain Fortress Mountain
Formation Formation

Torok Formation

Torok Formation

Figure 3.Stratigraphic nomenclature for the Nanushuk Group and other Brookian Sequence units in NPRA and adjacent
areas, North Slope, Alaska (from Huffman, 1985 after Ahlbrandt and others, 1979).
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is gradational over a recessive-weathering interval abepecimen measures 11 cm in diameter, and is about

30 cm to 1 m thick. This interval consists of generally.6 m long.

upward coarsening and thickening intercalations of soft The tops of the two tallest trees are truncated at about

flaky coal, dark olive-gray to black carbonaceouthe same channelized horizon about 5.5 m above the

mudstone and siltstone, and lenticular-bedded, fine-ttp of the clean, blocky coal (fig. 4). The pre-servation

medium-grained sandstone. The irregular thicknessatstanding trees of this height indicates a fairly high

attributed to scouring of somewhat subtle channededimentation rate for the fluvial sands. As an arbitrary

occupied by the overlying sandstone. This assemblageample, if the largest trees remained standing for a

is interpreted to represent the introduction of crevasdecade after the initial influx of fluvial material before

splay sediments into a poorly drained backswamp. Meing broken off at the sediment surface, the average

marine fossils or traces were observed, which suggestslimentation rate would have been about 0.6 m per

a depositional setting in the upper reaches of the dgltgar. The facies succession probably reflects fluvial

plain, as previously proposed for the Corwin Formaticavulsion (autocyclic shift) into and rapid infilling of a

by Callahan and Sloan (1978). local topographic low occupied by a long-lived,
The resistant-weathering fluvial sandstone sequersgbsiding backswamp. Hence, the inferred sedi-

containing the standing petrified trees and tree moldshentation rates likely do not apply across the Corwin

about 6.5 m thick. Neither samples nor detailelelta plain as a whole.

descriptions were collected in this unit, but it generally

resembles fine- to medium-grained sandstonEECOMMENDATIONS FOR

associated with coal seams described elsewhere in thg TURE WORK

Corwin Formation. The sandstone is sharp based, 5

thlnly to tthk'y bedded, and contains both channel The unusual occurrence of this Albian to

profiles and lateral accretion surfaces. Sandsto@@nomanian population of large, growth-position
bedding is distinctly troughlike adjacent to several @fetrified trees and the associated thick coal seam merits
the growth-position trees (fig. 4), suggestive of scoufigrther investigation. The provisional observations and
and-fill due to turbulence in the current flowing arounghterpretations of this report should be followed up by
the standing trunks. more thorough work, including a detailed measured
Of the six growth-position trees, three of the largesgction, paleobotany, coal analyses, and reconnaissance
trunks occur within 12 m of each other. The trunks agthe surrounding area. Though good exposures are very
preserved as either impressions on the sandstone faggyrse in the upland terrain to the south of Lili Creek,
three-dimensional forms weathering out of the exposut®erwin Formation strata equivalent to the nearly flat-
or as combinations of these types (fig. 4). The largeging exposures at Lili Creek may crop out in the deep
upright tree is preserved partly as a deeply concaygvines of the upper Kaksu River about 10 km to the
semicylindrical impression and partly as a threggest. In addition, the authors have observed a meter-
dimensional segment of the petrified trunk, whicBcale petrified bulbous stump, probably the flared base
together measure 4.5 m in height by 70 cm in diametsir a tree trunk, in a sandstone-coal succession on the
(fig. 5). A dark rind of what appears to be petrified barpper Meade River about 26 km north of the Lili Creek
is locally preserved on this specimen and could possillytcrop. Detailed fieldwork may provide valuable
aid in making a taxonomic classification. Other larg@formation on the nature and extent of this “petrified
petrified tree trunks fountlave diameters of 55 cmforest,” and may help define the distribution, thickness,

and 32 cm (figs. 6, 7). The smallest upright trunfnd resource potential of the thick coal facies with which
measured is 11 cm in diameter and 1.5 m tall. Becayggse trees are associated.

the recessive-weathering transitional facies between the

sandstone and the coal is partially covered, no root ba\g KNOWLEDGMENTS

are exposed. Hence, it is not clear if the trees root in the

transitional facies, or in the coal itself. We thank ARCO Alaska, Inc. and Anadarko
On the west end of the outcrop is a partially exposeetroleum Corporation for permission to publish this

log in a horizontal position, remarkable for itginding. We also thank C.G. Mull for suggesting that

preservation (fig. 8). It exhibits a thin, carbonaceoyge publish the finding, J. Clough for editorial guidance,

bark veneer and minute details of the external wo@ Tye for technical discussions, and G. Stricker and
grain and knot structure. As in the standing trees, tRe Gangloff for their helpful reviews.

wood grain appears relatively straight and smooth. This
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Figure 4.The main outcrop of Corwin Formation
sandstone-coal at the Lili Creek locality.
Geologist at left center is approximately 2 m tall.
The observed composite thickness of the coal
seam is approximately 9 m. Three growth-
position petrified tree fossils occur in the portion
of the overlying fluvial sandstone shown in this
view, the largest one at left and two more at right
center, which may appear from this perspective
as a single trunk because one is exposed directly
behind the other. View to north.

Figure 6.The second-largest-diameter petrified tree
trunk at the Lili Creek locality. This specimen
is located at the top of the slope about 150 m
northwest of the face shown in figure 4. Ham-
mer is 33 cm long. View roughly southeast.
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Figure 7.This trunk at the Lili Creek locality is broken
into two sections. The lower part of this specimen,
visible at right center in figure 4, is leaning slightly
and appears to have broken off and fallen nearly
straight down from the upper part, which is
embedded in the overhanging face of the sandstone
outcrop. Hammer is 33 cm long. View to east-
northeast.

Figure 8.Closeup of petrified log exposed at ground level on bench near top of outcrop about
50 m northwest of the face shown in figure 4. Note details of wood grain, knot structure, and
remnants of carbonized bark. Field of view is about 50 cm, looking roughly east.
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PALEOTOPOGRAPHIC CONTROL ON DEPOSITION OF THE
LOWER KAYAK SHALE, NORTHERN FRANKLIN MOUNTAINS,
BROOKS RANGE, ALASKA

by
David L. LePain!

INTRODUCTION

In the northeastern Brooks Range of Alaska, Low&ekiktuk Conglomerate is relatively thick. The purpose
Carboniferous through Lower Cretaceous strataf this paper is to briefly describe the stratigraphic
assigned to the Ellesmerian sequence, are separated fooganization and depositional setting of the basal Kayak
an underlying deformed succession of pre-MiddIighale, which is informally referred to herein as the lower
Devonian sedimentary and igneous rocks by a regiot@yak, and relate its geographic and stratigraphic
surface of unconformity (fig. 1). The Ellesmeriardistribution to paleotopographic relief on the sub-
sequence is interpreted to record sedimentation on Wississippian unconformity and relative sea level rise
passive continental margin of the Arctic Alaska Platduring the late Tournaisian and Visean.

Situated at the base of the Ellesmerian sequence is a

transgressive succession of Early Carboniferous age it QL OGIC SETTING

is assigned to the Endicott Group and consists, in
ascending order, of the Kekiktuk Conglomerate and the In northern Alaska, a regional sub-Carboniferous
Kayak Shale (fig. 2). In the northeastern Brooks Ranggrface of angular unconformity has been recognized
the Endicott Group has been interpreted as an edfyoughout the North Slope subsurface and at widely
postrift succession that records sedimentation in apaced locations across the Brooks Range. This surface
upland region landward of the tectonic hinge zone truncates rocks as young as Early Devonian (Blodgett
response to regional thermal subsidence (LePain el others, 1991). Rocks below the unconformity are
others, 1994). characterized by a complex tectonic history that includes

In latest Tournaisian time, relative sea level risepisodes of contraction and extension; above the
shifted stream equilibrium profiles landward and upwatgnconformity, the rocks have been assigned to the
and initiated deposition of the fluvial and marginalEllesmerian sequence and are largely the product of
marine Kekiktuk Conglomerate. LePain and othegxtensional tectonics (Moore and others, 1992). The
(1994) related the stratigraphic organization of thiellesmerian sequence consists of northward-onlapping
Kekiktuk to paleotopographic relief on the unconformitjerrigenous clastic and carbonate strata, which are
surface at its base. As relative sea level continued risitijerpreted as a Lower Carboniferous through Lower
fluvial dispersal systems were gradually drowned arfgretaceous south-facing (present-day coordinates)
replaced upsection by marginal- and shallow-marim@ssive continental margin succession (fig. 1).
depositional systems recorded by the lower and middle The Endicott Group comprises the base of the
members of the Kayak Shale. Ellesmerian sequence and, in the northeastern Brooks

The Kayak Shale consists mainly of black shale wifRange consists of fluvial, marginal-marine, and shallow-
subordinate amounts of sandstone and carbonate rochkgrine terrigenous clastic and carbonate rocks that are
Relatively thick successions of sandstones and ciatest Tournaisian to Visean and are exposed along east-
bonates are stratigraphically restricted to the lower amgst-trending outcrop belts (figs. 2, 3) (Armstrong and
upper thirds of the Kayak Shale, respectively. Carbonatdamet, 1977; Utting, 1990, 1991a, 1991b).
are present in the upper beds of the Kayak Shale In the northeastern Brooks Range, the Kekiktuk
throughout its geographic distribution in outcrop in theonglomerate is thickest (up to 128 m) above incised
Brooks Range and in the North Slope subsurfadgealeovalleys and progressively thins toward and
However, appreciable thicknesses of sandstone (thatigentually pinches out against adjacent paleo-
thicker than 2 m), while stratigraphically restricted téopographic highs (LePain and others, 1994). LePain
the lower beds of the Kayak Shale, are also geand others (1994) recognized six lithofacies associations
graphically restricted to locations where the underlyirig the Kekiktuk and related their stratigraphic and

1Alaska Division of Geological & Geophysical Surveys, 794 University Avenue, Suite 200, Fairbanks, Alaska 99709-3645.
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geographic distribution to paleotopographic relief on Slow postrift subsidence of continental crust
the sub-Carboniferous unconformity (table 1; fig. 4Jandward of the hinge zone (for example, Braun and
These relationships indicate that where the KekiktiBeaumont, 1989), combined with a possible eustatic sea
Conglomerate is thickest, fluvial systems were confindelel rise throughout Early Carboniferous time (Hallam,
within incised paleovalleys cut into pre-Middlel984), resulted in regional transgression, flooding of
Devonian rocks and, where only a thin veneer @ifivial dispersal systems, and establ