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fault system with time (Benowitz and others, 2012; Waldien and others, 2018). The findings will be integrated 
with recent 1:24,000-scale geologic mapping of the MSCFS to the northwest (Waldien and others, 2018) and 
collaborative stratigraphic, sediment provenance, and thermochronologic results from this study (for example, 
Allen and others, 2016, 2018; Fitzgerald and others, 2017; Warfel and others, 2018, respectively), to improve the 
understanding of eastern Alaska Range construction and contemporaneous subsidence and deposition in the 
adjacent CRB. 

OBSERVATIONS AND PRELIMINARY INTERPRETATIONS 

Key to unraveling the deformation history of the southern foothills of the eastern Alaska Range is the 
identification and understanding of cross-cutting fault relationships in the MSCFS. Preliminary interpretation 
of new mapping and field observations are anchored by new 40Ar/39Ar, zircon U-Pb, and palynologic ages 
to be published in a subsequent report. They include (i) initial syn-depositional early Eocene extension or 
transtension. (ii) Post-Oligocene contraction recorded by Mesozoic and Paleozoic bedrock that are thrust 
over Paleogene basin strata along low angle faults. (iii) Post-late Miocene contractional or transpressional 
reactivation of higher-angle extensional structures locally place early Eocene sedimentary and volcanics rocks 
against late Miocene strata. Elsewhere, reactivation of these high angle faults may cut the low-angle bedrock-
involved thrusts. 

Evidence for early Eocene extension and subsequent contractional inversion of the extensional basin is 
best expressed in the Hoodoos-Gakona area (fig. 2). There, the east-west striking, moderately northeastward-
dipping (45-50°) McCallum Creek fault originally formed the southwestern structural boundary of a 
Paleogene pull-apart basin. In this area, the exhumed basin is preserved in a hanging-wall syncline and further 
deformed by intra-basin faults that place matrix-supported early Eocene conglomerate and sandstone with 
northward-fanning growth strata in normal contact against an older Eocene volcaniclastic unit. The 
McCallum Creek fault contact is intruded along much of its length by an early Eocene basalt dike up to 1300 
feet (400 meters) wide. Although the unit ages are preliminary, their close association in time suggests coeval 
extension, volcanism, and deposition of the siliclastic and volcaniclastic rocks that compose the basin fill (fig. 
3).Post-Oligocene contraction is demonstrated in the iconic Hoodoo region, where Permian and Triassic 
bedrock is thrust over the northwest corner of the Eocene basin along a shallowly north-northwest-dipping 
fault. After late Miocene time, bedrock and basin fill that constitute the hanging-wall of the McCallum Creek 
fault are placed against locally folded and southwestward-tilted late Miocene strata that plunge into the CRB 
subsurface, recording contractional reactivation of the extensional structures and inversion of the early Eocene 
basin after late Miocene time. Glacial till overlying Miocene strata are tilted at approximately the same attitude, 
suggesting a blind contractional structure distal to the McCallum Creek fault deformed both packages of rocks 
simultaneously as recently as Pleistocene(?) time (see also Waldien and others, 2015; 2018). 

Many of the basic geologic and structural relationships observed in the Hoodoos-Gakona area persist along 
strike to the southeast in the Gakona-West Fork and Slate Creek-East Fork regions (fig. 1), although fault  
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orientations and cross-cutting relationships are often more difficult to interpret because the fault contacts are not 
well exposed. Characteristics common along the entire MSCFS mapped for this study include discontinuous 
occurrences of Cenozoic strata that are chiefly deformed by moderately- to steeply-dipping structures sub-
parallel to the northwest-striking Denali fault, and low-angle faults that commonly strike east-west at an 
oblique angle to the Denali fault that locally thrust bedrock over Paleogene basin strata. Normal separation is 
common where fault cutoff relationships are resolvable for higher-angle structures between the Gakona 
Glacier and East Fork of the Chistochina River, although the magnitude of strike-slip along the faults remains 
poorly constrained. Mesozoic and Paleozoic bedrock are thrust a minimum of ½ mile (0.8 km) over 
Oligocene and Eocene strata in the Gakona-West Fork and Slate Creek-East Fork regions (fig. 4), respectively, 
and are locally dissected by later high-angle faulting, potentially during reactivation of earlier extensional 
faults. 

Initial conclusions from geologic mapping and field observations suggest a major change in the state of 
stress in the MSCFS just south of the Denali fault from transtension accompanied by mafic to intermediate  

Figure 3. Early Eocene basalt dike (Teb) in the Hoodoos-Gakona map area to the southeast of fig. 2. The dike 
marks the McCallum Creek fault (MCF) contact between early Eocene (Tev, Tec) and late Miocene (Tms) strata 
and is interpreted to be synextensional. It is faulted against, and locally intrudes, a proximal conglomerate 
unit (Tec) at its northeastern boundary for ~2 miles (3.2 km), where it varies in thickness from ~525-1,300 ft 
(160-400 m). The dike is faulted against late Miocene strata along its southwestern boundary. To the 
northwest (fig. 2), the dike is discontinuous, but associated with faulted Eocene strata near the Miocene MCF 
contact. 
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volcanism and clastic sedimentation in the early Eocene to dextral transpression in the absence of major volcanic 
activity after Oligocene time. Structurally-controlled subsidence driven by transtension along the MSCFS preserve 
relatively thick packages of volcanic, volcaniclastic rocks and proximal cobble to boulder conglomerate. These 
sediment packages are important because they include the “roundwash” at Slate Creek (fig. 4), that has produced 
most of the over 183,000 ounces of placer gold mined from the region since 1898 (Foley and Summers, 1990; 
Newberry and others, 2010; Athey and others, in preparation). Subsequent crustal shortening places Mesozoic 
and Paleozoic bedrock over Cenozoic basin strata at several locations along the MSCFS, either as a single thrust 
sheet or successive imbricates. High-angle contractional faults, such as the McCallum Creek fault in the Hoodoos-
Gakona area where it places the exhumed Eocene basin over late Miocene to Pleistocene(?) strata, reactivate 
former extensional structures and therefore constitute a different structural style that may be contemporaneous 
with low-angle thrusting, but in some cases appears to post-date it based on local dissection of the thrust sheets. 

The relation between low-angle thrust faults oriented at acute angles to the strike-slip Denali fault and higher 
angle reverse faults that reactivate sub-parallel extensional faults is consistent with a simple- or oblique-shear 
model in a dextral system. In this scenario, shallow-dipping faults at higher angles to the convergence direction 
accommodate the greatest magnitude of shortening, and oblique contraction is favored on steeper faults oriented 
at lower angles to the greatest principal stress (Sanderson and Marchini, 1984). These geometrical observations 
agree in principle with fault plane slip data of Waldien and others (2018). That study was able to delineate that 
there was a greater component of strike-slip on fault segments oriented at lower angles to the inferred convergence 
vector. Thus, structures composing the MSCFS may serve as scaled examples of how strain is distributed south of 
Denali fault system. If this is the case, then low-angle contractional faults of the MSCFS would be analogous to 
other structures to the west, including the Broxson Gulch (Waldien and Roeske, 2017), Susitna Glacier (Riccio 
and others, 2014), and the proposed Broad Pass fault (Haeussler and others, 2017). These thrusts, lying to the west 
of the MCSCS, all splay southwestward off the Denali fault, where as much as 12.5 miles (20 km) of strike-slip 
may be lost to shortening along a single structure (for instance, the Broxson Gulch fault, Waldien and others, 
2017). 

The preliminary interpretations presented here will be refined and details change as the map relationships 
and structural data are more carefully assessed and integrated with the stratigraphic observations, stratigraphic, 
volcanic, and provenances ages, and thermochronology data. Identifying multiple structural styles along the 
MSCFS and resolving their temporal and spatial relationships is an important first step to understanding how 
strain evolved with long-term slip along the Denali-Totschunda fault system. The new results will provide insights 
into how proposed releasing and restraining bends along the system might have controlled deformation in the 
adjacent crust that contributed to growth of the eastern Alaska Range and subsidence at the northern extent of 
the Copper River basin. In addition, this research may constrain systematic changes in the regional stress field 
during Cenozoic time. This study demonstrates how collaborations between the Alaska Department of Natural 
Resources and academic institutions to explore scientific questions can result in a better understanding of the 
geologic systems that control the state’s natural resource occurrences. The geologic mapping conducted over 
several field seasons summarized here will be compiled and integrated with collaborative stratigraphic, 
geochronologic, and thermochronologic results from the MSCFS for publication as one or more peer-reviewed 
journals articles. The 1:25,000-scale digital map compilation and database will be published as downloadable 
ArcGIS files through the DGGS online library. 
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