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INTRODUCTION
The Colville Basin in northern Alaska is a large east-trending foreland basin that developed north of the Brooks 

Range fold and thrust belt in the Early Cretaceous (Mull, 1985; Bird and Molenaar, 1992; fi gs. 1–2). The southern 
margin of the basin is generally regarded as gas-prone, although it remains underexplored relative to the rest of the 
North Slope (Houseknecht and Bird, 2006). Seismic data are poor throughout this belt (Molenaar, 1988), leading 
to uncertainty regarding regional stratigraphic relationships.

The purpose of this paper is to examine the poorly understood stratigraphic relationship between the Fortress 
Mountain and Nanushuk2 Formations—two of the most prospective siliciclastic units exposed in the inner foot-
hills. Many previous workers have interpreted the two units as discrete depositional cycles, often separated by 
a “tongue” of mudstone-dominated Torok Formation (Mull, 1985; Moore and others, 1994; fi g. 3). However, in 
the fi eld the relationship between the two formations is unclear and the two distinct belts of resistant exposures 
are never observed in close spatial association (fi g. 2). To date, it has been diffi cult to prove the two units did not 
overlap in time, leading some workers to entertain the hypothesis that the uppermost Fortress Mountain Formation 
graded northward into the lower Nanushuk Formation (Kelley, 1990). In addition to ambiguous fi eld relationships, 
available biostratigraphic constraints have largely proven insuffi cient to address this question. This study takes an 
alternate approach, testing the stratigraphic continuity of the two units on the basis of their provenance character-
istics—specifi cally, the novel application of detrital zircon geochronology. Preliminary results strongly suggest 
the two units represent different depositional sequences.

1Alaska Division of Geological & Geophysical Surveys, 3354 College Rd., Fairbanks, Alaska 99709-3707
Email for Marwan A. Wartes: marwan.wartes@alaska.gov

2The Nanushuk has historically been ascribed Group status (Detterman, 1956). However, in a comprehensive revision and simplifi cation of 
Brookian stratigraphic nomenclature, Mull and others (2003) suggested the Nanushuk be demoted to formation rank.
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Figure 1. Regional location map of northern Alaska. Initials refer to localities outside of the study area that are mentioned in 
the text (PK & IG = Poko Mountain and Igloo Mountain; EK = Ekakevik Mountain).
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Figure 2. Generalized geologic map of the east-central foothills (modifi ed slightly from C.G. Mull, unpublished mapping). 
Numbered locations refer to samples in this study (see table 1).
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EXISTING CONSTRAINTS
Map relationships

Early reconnaissance mapping recognized that at a regional scale progressively younger Brookian units typi-
cally crop out from south to north (Patton and Tailleur, 1964). This general observation supports the interpretation 
that the southerly belt of Fortress Mountain Formation is older than the more northerly Nanushuk Formation 
trend. However, the top of the Fortress Mountain Formation is almost never exposed. Moreover, the two units 
are never observed together, but are instead separated by a poorly exposed, low-relief succession of fi ner-grained 
Torok Formation (fi gs. 2 and 4). The broad zone of Torok Formation exhibits locally complex deformation with 
variable fold vergence (Peapples and others, 2007). The northerly part of the Torok belt is generally interpreted as 
a structurally thickened triangle zone beneath a south-vergent roof thrust near the base of the Nanushuk Forma-
tion (Moore and others, 2004; Wallace and others, 2006). The uplift and subsequent erosion of post-Torok rocks 
has obscured the relationship between the Fortress Mountain Formation and proximal reaches of the Nanushuk 
Formation (fi g. 4).
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Figure 3. Chronostratigraphy 
of middle Cretaceous units 
in northern Alaska showing 
revised stratigraphic nomen-
clature (modifi ed from Mull 
and others, 2003). cs = cob-
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Figure 4. Schematic cross section illustrating the geography of the Fortress Mountain and Nanushuk trends and the stratigraphic 
uncertainty of their relationship. Note the relative location of samples in this study.
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Stratigraphic Relationships
The Fortress Mountain Formation includes a variety of facies ranging from deep marine basin fl oor up through 

alluvial fan environments (Wartes, 2008, this volume; Houseknecht and others, 2007; Crowder, 1989; Molenaar 
and others, 1988; Hunter and Fox, 1976). The type section of the Fortress Mountain Formation consists of a series 
of discontinuous exposures in the Castle Mountain area (fi g. 2; Patton and Tailleur, 1964). This ~3,000–m-thick 
section is considerably thicker than any other known outcrop of the formation and is interpreted to grade from 
basin fl oor(?) to slope facies up through fan delta, alluvial fan, and braided fl uvial facies (Molenaar and others, 
1988; Crowder, 1987). 

The Nanushuk Formation records deposition in marine shelf, deltaic, and fl uvial environments (Ahlbrandt, 
1979; Huffman, 1985; LePain and others, 2008). Seismic data clearly indicate that Nanushuk topsets transition 
basinward (to the northeast) into clinoforms of the Torok Formation (Molenaar, 1988; Houseknecht and Schenk, 
2001). In the east-central foothills, where the samples for this study were collected, the Nanushuk is approximately 
1,600 m thick (Patton and Tailleur, 1964) and is subdivided into a marine lower part and a dominantly nonmarine 
upper part (fi g. 3; Mull and others, 2003). 

Regionally, the Fortress Mountain formation rapidly fi nes northward and locally grades into rocks assigned 
to the lower Torok Formation (Patton and Tailleur, 1964; Molenaar and others, 1988; fi g. 3). However, at Castle 
Mountain the upper 350 m of section includes the most proximal nonmarine facies interpreted as alluvial fan and 
braided fl uvial. The northerly equivalent of this nonmarine succession is not known and it remains possible that it 
graded northward into the marine facies of the lower Nanushuk. The uncertain relationship between the two units 
is schematically illustrated in fi gure 4.

Sandstone Composition
In hand sample, sandstones of the Nanushuk Formation are often lighter colored and appear less lithic rich 

than darker greenish-gray-weathering Fortress Mountain Formation sandstones. This qualitative observation is 
borne out by regional petrographic data that indicate that Nanushuk samples from the central and eastern foothills 
average about 58 percent total quartz (Bartsch-Winkler and Huffman, 1988), whereas Fortress Mountain samples 
average only 32 percent quartz in the east-central outcrop belt (Molenaar and others, 1988). An additional notable 
difference documented in these studies is captured in the metamorphic lithics, which average 15 percent for the 
Nanushuk samples as compared to only 1 percent for Fortress Mountain samples. This stark difference was also 
noted by Johnsson and Sokol (2000), who documented as much as 30 percent metamorphic lithic fragments in the 
easternmost exposures of the Nanushuk Formation.

Biostratigraphy
The Fortress Mountain Formation is generally ascribed an Aptian(?) to early Albian age, whereas the Na-

nushuk Formation is regarded as middle Albian to Cenomanian (fi g. 3). These assignments largely refl ect detailed 
megafossil work done by the USGS in the 1950s and 1960s, most notably Imlay (1961). The shallow marine 
Nanushuk Formation has generally yielded a more diverse fauna and the biostratigraphic range can be considered 
more robust than the Fortress Mountain Formation. The majority of the biostratigraphic control for the Fortress 
Mountain Formation came from the lower third of the unit (Patton and Tailleur, 1964), leaving the upper limit of 
the formation in question. 

Bivalves identifi ed as similar to Inoceramus anglicus and Inoceramus altifl uminis were reported from both the 
Fortress Mountain and Nanushuk Formations by Imlay (1961). In Alberta and British Columbia, these species were 
generally regarded as no older than middle Albian (McLearn, 1945). On the basis of the entire fossil assemblage 
from the Fortress Mountain Formation, particularly ammonite specimens, Imlay (1961) favored an interpretation 
that these Inoceramids must have ranged down into the early Albian in northern Alaska. More recently, Kelley 
(1990) reported additional specimens of I. anglicus from the Fortress Mountain Formation at Hoary Marmot 
Mountain (informal name; fi g. 2). He interpreted an age no older than middle Albian and concluded the exposure 
was likely coeval with the lower part of the Nanushuk Formation.

Palynological and foraminiferal data generally offer limited biostratigraphic resolution for any of the Fortress, 
Nanushuk, or Torok Formations, and typically yield a signifi cant number of “Aptian–Albian” or “Lower Cretaceous 
undifferentiated” age assignments (unpublished DGGS micropaleontology reports). However, there is a general 
observation that can be gleaned from the subset of samples that do preserve abundant age-diagnostic microfos-
sils: the Fortress Mountain Formation samples do not appear to produce ages younger than Aptian to early Albian 
and the Nanushuk Formation in the central foothills does not yield ages older than middle to late Albian (written 
commun., M. Mickey, 2006; LePain and others, 2008). 
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Sample
Number Map # Description Latitude / Longitude

05ASD053 (1)
Gunsight Mountain
Top of Nanushuk Fm. N  68.71775   W 151.83504

05WKW082 (2)
Siksikpuk River
Base of Nanushuk Fm. N  68.72206  W 151.88918

02MAW009 (3) Castle Mountain summit
Top of Fortress Mountain Fm.

N  68.56649  W 152.58198

02MAW020 (4) Castle Mountain base
upper Fortress Mountain Fm.

N  68.56365  W 152.60785

LOCATION

Table 1. Sample location information; note map number that refers to sample notation in fi gure 4.

NEW DATA
As outlined in the preceding sections, existing constraints have proven inadequate to defi nitively assess the 

stratigraphic relationship between the Fortress Mountain and Nanushuk Formations. The following new data 
attempts to address the question by focusing on the provenance of the two units, specifi cally the U-Pb ages of 
detrital zircons.

Detrital Zircon Geochronology
Zircon is a common heavy mineral in most siliciclastic systems and is highly resistant to weathering and dia-

genesis (Fedo and others, 2003). Recent advances in analytical technology have allowed for the rapid acquisition 
of a large number of U-Pb ages from individual detrital zircons (Gehrels and others, 2006). The addition of this 
geochronologic component is revolutionizing studies of sedimentary provenance, particularly regional paleogeo-
graphic and tectonic studies (Gillis and others, 2005; Dickinson and Gehrels, 2003). 

Sample Selection and Methods
In order to assess the population of detrital zircon ages from each formation, samples were selected from some 

of the thicker, more continuous exposures in the foothills. In the case of the Fortress Mountain Formation, three 
samples were selected from the type section at Castle Mountain, one from the lower and two from the upper part 
of the formation (fi gs. 2 and 4; table 1). This section is particularly appropriate as it likely contains the stratigraphi-
cally highest Fortress Mountain Formation exposed anywhere in the foothills. Two Nanushuk Formation samples 
were analyzed from well-exposed bluffs where the Siksikpuk River cuts across the Tuktu escarpment area; one 
sample is from the very base of the formation, the other from upper Nanushuk on Gunsight Mountain (fi gs. 2 and 
4; table 1). 

Zircons were separated at the Apatite-to-Zircon, Inc. laboratory using heavy liquid and magnetic separation 
techniques. Grains were mounted in epoxy and polished to expose grain interiors for analysis. One-hundred grains 
were selected at random and dated for each sample, a number commonly sought by most workers and one that 
reduces the probability of missing any given provenance components to <5 percent (Dodson and others, 1988). 
Uranium, thorium, and lead isotope data were collected at the Washington State University Geoanalytical Labora-
tory on a ThermoFinnigan Element2 magnetic sector double-focusing ICP–MS (inductively coupled plasma–mass 
spectrometer). Each grain underwent laser ablation using a New Wave Research UP-213 system. See Chang and 
others (2006) for additional details regarding laboratory procedures such as standards and error corrections. 
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Detrital zircon populations
Appendix C-1 includes isotopic ratio and age data for 500 individual U-Pb zircon analyses. Only one grain from 

sample 02MAW020 produced strongly discordant data and was rejected. For ages up to 1000 Ma, the 206Pb/238U 
age is selected as the most precise; those greater than 1000 Ma are taken from the 206Pb/207Pb ages (see Gehrels and 
others, 2006). The age distribution data for each of the fi ve samples are plotted in a histogram format and cumulative 
probability curves (fi gs. 5–9). Histograms illustrate the number of ages that fall into each 50 Ma bin. Cumulative 
probability curves, which are a common method for displaying detrital zircon data, represent the normalized sum 
of probability distributions for all analyses from a sample. Age peaks are only considered statistically signifi cant 
if defi ned by several analyses. All plots were created using Isoplot/Ex v. 3.32 (Ludwig, 2005).

DISCUSSION
The detrital zircon data reveal statistically signifi cant differences between the two formations. This is best 

illustrated by comparing selected groups of grain ages (table 2, fi gs. 10 and 11). All three Fortress Mountain For-
mation samples include abundant Permian grains (10–19 percent), whereas the Nanushuk samples yielded only 
one Permian grain between both samples. Typically the parent lithology of individual zircons is diffi cult to assess. 
However, in the case of the Permian age spike, U-Pb zircon ages from igneous clasts within the Fortress Mountain 
Formation (Wartes and others, 2006) indicate the detrital population observed in this study was derived from an 
unknown tonalitic–dacitic igneous complex. 

Late Neoproterozoic to Cambrian ages (500–665 Ma) form a prominent peak in both Nanushuk samples (aver-
age 23 percent) but are much less abundant, on average, in the Fortress Mountain samples (7 percent). Nanushuk 
samples also contain a discrete pulse of early Neoproterozoic ages (850–950 Ma) that is much less common in 
the Fortress Mountain samples. Similarly, Mesoproterozoic ages (~1000–1300 Ma) form prominent peaks in both 
Nanushuk samples (average 20 percent), while the Fortress Mountain samples include a very weak record of this 
provenance (average 5 percent). Finally, although the Nanushuk Formation samples contain signifi cantly larger 
proportion of Precambrian grains, the Fortress Mountain samples average almost three times more early Proterozoic 
grain ages (Orosirian period 1800–2050 Ma). 

If the Fortress Mountain and Nanushuk Formations were in part correlative, it seems probable that the up-
permost Fortress Mountain sample (02MAW009) would have been most similar to the basal Nanushuk sample 
(05WKW082). In fact, these two samples produced some of the starkest contrasts in several groupings of detrital 
grain ages (table 2; fi gs. 10 and 11). The two formations clearly have a different provenance for zircons and the 

Table 2. Comparison of signifi cant detrital-age groupings highlighting noteworthy differences between the Nanushuk and the 
Fortress Mountain Formations. Age groupings are listed as numbers of ages within each “bin”, although since ~100 grains 
were dated for each sample, these numbers are effectively percentages as well. 

Sample No. 251-299 Maa 500-665 Mab 850-950 Mac 1.00-1.35 Gad 1.80-2.05 Gae > 542 Ma

05ASD053 1 14 12 24 6 76
05WKW082 0 32 14 16 4 82

AVERAGE 0.5% 23% 13% 20% 5% 79%

02MAW009 19 2 5 4 10 40
02MAW020 18 14 3 7 13 58
02MAW006 10 5 3 4 20 54

 AVERAGE 16% 7% 4% 5% 14% 51%

dGlobally significant orogenic episode in the Mesoproterozoic (e.g. McLelland and others, 1996)
eOrosirian period of the Paleoproteroic, based on timescale of Ogg (2004)

aPermian period, based on timescale of Ogg (2004)
bGlobally significant orogenic episode spanning the late Neoproterozoic - Cambrian (e.g. Murphy and Nance, 1991)
cPart of the early Neoproterozoic

SIGNIFICANT GROUPINGS OF DETRITAL AGES

NANUSHUK FORMATION

FORTRESS MOUNTAIN FORMATION
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Figure 10. Histograms (20 Ma bins) depicting a subset of grain age popu-
lations (0–700 Ma). Samples are stacked in interpreted stratigraphic 
order. Highlighted groupings illustrate the signifi cant differences 
between Fortress Mountain and Nanushuk Formation samples (see 
also table 2). “Pan-African” refers to a globally signifi cant orogenic 
episode (Murphy and Nance, 1991).

balance of these results favors an interpretation that the two units 
do not represent parts of a single clastic wedge.

Very little U-Pb zircon geochronologic data exists for the 
Brooks Range and precise correlations between these detrital 
ages and specifi c units in the fold-and-thrust belt is premature 
and beyond the scope of this paper. Instead, the more salient, 
fi rst order result from this study is that the Fortress Mountain 
and Nanushuk Formations were clearly tapping unique and dif-
ferent source areas and represent discrete phases in the unroofi ng 
sequence. This agrees with existing conventional petrographic 
point-count data noted earlier, which indicated clear differences 
in framework grain composition between the two formations 
(Bartsch-Winkler and Huffman, 1988; Molenaar and others, 
1988). However, in some respects, the zircon data provide a 
more robust and quantitative comparison of the two units. It has 
long been recognized that sandstone mineralogy can be strongly 
infl uenced by transport distance (Pettijohn, 1957), particularly 
the labile components (Mack, 1978) that are abundant in both 
units. Given the geographic separation of the Fortress Moun-
tain and Nanushuk outcrop belts, it remains possible that the 
observed differences were simply a function of transport biases. 
In contrast, durable zircons are unlikely to undergo signifi cant 
weathering or fractionation along a depositional profi le (Morton 
and Smale, 1991). 

Ultimately, these provenance differences have stratigraphic 
implications and suggest the youngest exposed Fortress Mountain 
Formation is not correlative with the basal Nanushuk Formation. 
This interpretation is consistent with most depictions of Creta-
ceous stratigraphy, which show a tongue of the Torok Formation 
separating the sandstone-rich Fortress Mountain and Nanushuk 
sequences (Mull and others, 2003; fi gs. 3 and 12). The upper-
most Fortress Mountain Formation at Castle Mountain records 
alluvial fan and braided fl uvial deposition (Molenaar and others, 
1988; Crowder, 1987). Thus, if a succession of Torok mudstones 
originally overlay this interval, it would represent a transgressive 
sequence (fi g. 12b). This hypothesis is diffi cult to evaluate due 
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Figure 11. Histograms (50 Ma bins) depicting a subset of 
grain age populations (700–2250 Ma). Samples are 
stacked in interpreted stratigraphic order. Highlighted 
groupings illustrate the signifi cant differences between 
Fortress Mountain and Nanushuk Formation samples 
(see also table 2). “Grenville” refers to a globally sig-
nifi cant orogenic episode (McLelland and others, 1996); 
Orosirian is a Mesoproterozoic period (Ogg, 2004).

to the lack of exposed formation tops in Fortress Moun-
tain exposures (fi g. 12a; see also fi gure 4a of Bird and 
Molenaar, 1992). However, a few regional observations 
have cited evidence for an upward deepening at the top 
of the Fortress Mountain Formation. For example, in 
the Ekakevik Mountain area (fi g. 1), Hunter and Fox 
(1976) noted that the formation generally fi nes upward 
and, where best exposed, the top of the formation was 
characterized by transgressive shallow marine facies 
overlying nonmarine conglomerate.  Farther west, be-
tween Poko and Igloo mountains (fi g. 1), Mull (1985) 
inferred a gradational contact between the Fortress 
Mountain Formation and overlying fi ne-grained facies 
of the Torok Formation.

A major fl ood back of Torok slope facies over nonma-
rine–marginal marine Fortress Mountain Formation was 
recently recognized in the Siksikpuk River area (labeled 
as Kfm–Kto contact on fi g. 2; Houseknecht and others, 
2007; Peapples and others, 2007). However, this section 
is here interpreted as relatively low in the composite 
Fortress Mountain succession (Patton and Tailleur, 1964), 
suggesting that the transgressive event is intra-Fortress 
Mountain, rather than marking the regional top of the 
formation. It is also possible there is regional variation in 
the position of the top of the Fortress Mountain Forma-
tion and that fl ooding of the Torok Formation across the 
Fortress Mountain Formation was diachronous locally, 
varying according to paleotopography across the complex 
orogenic wedge (Wartes and Swenson, 2005). Similarly 
complex relationships are known from the better-studied 
Upper Cretaceous foreland basin strata of the Western 
Interior Seaway (Krystinik and DeJarnett, 1995). 

Existing data do not unequivocally rule out a scenario 
whereby now-eroded sections of the Fortress Mountain 
Formation once existed above Castle Mountain and 
formed part of a unifi ed prograding clastic wedge that 
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Figure 12. Chronostratigraphic diagrams illustrating relationships 
between the Fortress Mountain, Nanushuk, and Torok Formations 
discussed in the text. Approximate sample positions shown by red 
dots. (A) Depiction of the observed spatial context of Fortress 
Mountain and Nanushuk exposures, highlighting the ambiguity 
of proposed stratigraphic correlations between the two units. This 
diagram contrasts with the common schematic representation of 
Early Cretaceous stratigraphy (Mull and others, 2003; fi g. 3) 
and emphasizes that the top of the Fortress Mountain Formation 
is a Holocene erosion surface and that the Nanushuk Formation 
cannot be demonstrated to overlie the Fortress Mountain Forma-
tion based on fi eld evidence alone. On the basis of the available 
constraints discussed in the text, this fi gure interprets the exposed 
Fortress Mountain Formation as entirely older than the Nanushuk 
Formation in this area. (B & C) Portrayal of two possible strati-
graphic scenarios as they would have appeared at the close of 
Nanushuk deposition: (B) proposes a retrogradational tongue of 
Torok separated the Fortress Mountain and Nanushuk Formations 
(model favored in this study), while (C) illustrates a model where 
the Fortress Mountain and Nanushuk Formations represent a 
continuous northward-prograding clastic wedge (see also fi gure 
25.3c in Molenaar, 1988).

graded northward into the lower Nanushuk 
deltas (fig. 12c; see also figure 25.3c in 
Molenaar, 1988). However, if such a section 
existed, then a substantial upsection change 
in provenance would be required within the 
uppermost proximal Fortress Mountain For-
mation. Based on available data (including 
that presented here), it seems more probable 
that the Fortress Mountain and Nanushuk 
Formations are regionally separated by an 
intervening tongue of the Torok Formation 
(fi g. 12b), possibly recording a basin-scale 
change in the balance between sediment sup-
ply and newly created accommodation.

The Torok Formation can be generi-
cally subdivided into lower and upper parts, 
roughly corresponding to proximal Fortress 
Mountain and Nanushuk Formations, re-
spectively (Mull and others, 2003; fi g. 3). 
If a tongue of Torok separates these two 
progradational sequences (fi g. 12b)—an in-
terpretation that is favored here—then it may 
prove useful to consider a tripartite genetic 
subdivision of the formation (fi g. 13). It is 
diffi cult to evaluate this proposed subdivi-
sion in the outcrop belt where distinctions 
between lower, middle, and upper parts of the 
formation are hampered by: (1) inadequate 
biostratigraphic resolution, (2) non-unique, 
fi ne-grained facies, (3) discontinuous expo-
sures, and (4) complex structure (Patton and 
Tailleur, 1964; Mull, 1985; Molenaar and 
others, 1988; Houseknecht and Schenk, 2007; 
Houseknecht and others, 2007). Regional 
seismic and well data indicate that an older 
succession of Brookian rocks exists beneath 
the Nanushuk-related Torok clinoforms 
(Molenaar, 1988). In the northern foothills, 
Houseknecht and Schenk (2001) document 
that this older Torok “foredeep wedge” was 
derived from the west and traced individual 
Torok clinoforms into Nanushuk topsets. 
However, this wedge continues to thicken 
dramatically southward, probably including 
southerly sourced Fortress Mountain-related 
lower(?) Torok facies (Cole and others, 1997; 
Molenaar, 1988). Regardless, in light of the 
strong differences in detrital zircon ages 
within the proximal Fortress Mountain and 
Nanushuk Formations, it seems likely that the 
affi nity of isolated Torok samples could be 
reliably assessed with the technique outlined 
in this study. 

The new provenance data presented 
here confi rm that the Fortress Mountain and 
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Nanushuk Formations were clearly derived from different sources. Provided the two units both record unroofi ng 
of the nearby ancestral Brooks Range, it follows that the exposed Fortress Mountain Formation represents an 
entirely older depositional system than the Nanushuk topsets (as shown in fi g. 12a). However, it remains possible 
that the two units are partly coeval and that the detrital zircon data refl ects two different major sediment dispersal 
systems—transverse, Brooks Range-derived Fortress Mountain Formation and axially fed Nanushuk facies tapping 
a different source region to the west. Even in better-studied foreland basins, identifying the relative roles of axial 
versus transverse systems is diffi cult (Clevis and others, 2004). Farther north, in central NPRA (fi g. 1), seismi-
cally mapped shelf margins indicate the Nanushuk–Torok depositional system is fed principally out of the west 
(Molenaar, 1988; Houseknecht and Schenk, 2001). However, the origin of Nanushuk topsets in the area sampled 
in this study were most likely sourced from transverse, north-fl owing rivers as indicated by paleocurrent data as 
well as contrasting deltaic style and provenance relative to the demonstrably western-sourced axial deltaic system 
(Huffman and others, 1988; Molenaar, 1988; LePain and others, in press). 

The focus of this paper has been the stratigraphic implications of a modest new detrital zircon data set. Future 
papers will examine the potential sources of various zircon age populations and the broader tectonic implications 
of these data. However, it is worth noting that the marked change in provenance outlined in this study occurred 
at approximately the early to middle Albian boundary, a time characterized by signifi cant tectonic events in the 
Brooks Range hinterland (Vogl, 2002). In other words, the provenance changes may refl ect discrete tectonically-
driven exhumation and orogen-wide reorganization of drainages. 

CONCLUSIONS
New detrital zircon age data indicate the Fortress Mountain and Nanushuk Formations in the central Brooks 

Range foothills were sourced from unique and different provenances. Signifi cantly different populations of grain 
ages suggest the Fortress Mountain and Nanushuk depositional systems were not part of a unifi ed north–northeast-
erly prograding clastic wedge. Instead, the youngest exposed Fortress Mountain Formation is here interpreted to 
be entirely older than the Nanushuk Formation. Based on available data, it is inferred that the Fortress Mountain 
and Nanushuk Formations are separated by a transgressive tongue of the Torok Formation, although more data are 
needed to defi nitively reject alternate hypotheses. In particular, additional subsurface information will be required 
to document stratigraphic relationships that are presently ambiguous.

Figure 13. Schematic cross section of the Colville Basin (modifi ed from Mull, 1985, and Houseknecht and Schenk, 2001). The 
middle Torok is speculated to be a retrogradational package separating the Fortress Mountain and Nanushuk Forma-
tions. 
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186 PIR 2008-1   Preliminary results, fi eld investigations, Brooks Range Foothils & North Slope, Alaska
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