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Rupture parameters for seismic  hazard assessments and pipeline design criteria:
Based on our Quaternary geologic mapping, displacement during the most recent event was between
3 and 5 meters.  The width of deformation ranges from several meters to over 60 meters. The style of 
deformation is dependent on the subsurface materials.  On bedrock slopes the fault is typically associated 
with narrow linear troughs, whereas on alluvial surfaces the fault is expressed by left-stepping fissures and 
multiple active traces. The slip rate and most recent displacement suggest a recurrence interval for surface
rupturing earthquakes of ~500 yrs. 
Trench results:
Stratigraphic and structural relations exposed in the trench support the occurrence of at least 3 
paleoearthquakes.  Additional dating efforts are planned for summer 2014 to constrain the ages
of these events.  

The results of this study are preliminary.  Future paleoseismic studies aimed at refining earthquake recurrence
and verifying the slip rate are necessary to insure that the upcoming USGS Seismic Hazard Map update for 
Alaska uses realistic earthquake parameters for earthquakes on the Denali fault.
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Hillshade of the Alaska Range showing major faults and crustal seismicity (yellow circles).  Enlarged 
area shows the Alaska range and the extent of the western, central, and eastern sections of the Denali 
fault.  Bold red line is the extent of the 2002 rupture.  Pink arrows show geodetically measured rotation 
of the Wrangell microplate relative to North America after Freymueller et al., (2008).  WP, Wrangell 
microplate; YMP, Yakutat microplate; CSEM, Chugach-Saint Elias Mountains; NFFTB, Northern Foothills 
fold and thrust belt.
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IFSAR TERRAIN MODEL OF THE DENALI FAULT HEALY B-3 QUADRANGLE QUATERNARY GEOLOGIC MAPPING 

Sample #  

SDF12   
SDF13
SDF14
SDF15
SDF16
SDF17
SDF18

  Internal
uncertainty
 (yrs)

Exposure age
      (yrs)

  External
uncertainty
   (yrs)

500
401
454
335
286
213
346

13,259
6,982
11,787
10,956
9,474
6,435
5,864

1,259
728
1,123
1,011
873
599
616

Cosmogenic 10Be exposure ages for boulders exposed on the surface of the 
debris flow fan suggest that  deposition on the fan surface occurred between
~13-6 ka (See hillshade for sample locations).  We infer that the group of 
younger ages represents relative abandonment of deposition on the fan, 
caused by incision at the fan head which resulted in avulsion of the main 
channel to its current position along the eastern margin of the fan.  Youthful 
channels along the western margin of the fan may be related to subsequent 
snow avalanche flows, however these flows did not disturb the apex of the fan, 
and thus did not modify channels 1 or 2.   

This study:  
All samples
Older group
Younger group

Average age (yr) Stdev age (yr) Offset (mm) Slip rate (mm/yr)
9,251
11,369
6,427

2,887
1,582
559

43000
43000
43000
48000

4.6
3.8
6.7
7.5 ± 0.7 Including slip on secondary traces

Slip rates from previous
studies shown by
longitude 

Slip Rate: 
Based on field measurements and analyses of GPS survey data the cummulative offset at the displaced
debris flow site is 43 to 48 meters.  Cosmogenic 10Be exposure ages on surface boulders suggest that
the fan was relatively abandoned around 6.5 kya. The resulting slip rate of 7.5 ± 0.7 mm/yr is to first order
consistent with other recent slip rate studies on the central Denali fault and fits with a regional model of 
westward diminishing slip on the Denali fault.  We infer that the reduction in slip rate on the main Denali
fault is a result of slip partitioning onto fold and thrust belt structures on the north and south sides of the 
Alaska Range.    
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We hand-excavated a trench across the main fault scarp and adjacent graben.  
The trench exposed sheared debris fan parent material at its north and south ends, 
separated by a central zone of stacked scarp-derived colluvium and weakly developed 
soils.  Stratigraphic  relations and upward fault terminations clearly record the 
occurrence of the past three surface-rupturing earthquakes and suggest 4 or 
more such events.

Unit 2 represents sheared fan material and older colluvium that is too shattered to 
recognize individual units.  Unit 3 is a loose gravel and cobble deposit inferred to 
be scarp-derived colluvium deposited after the triultimate earthquake.  Unit 3 
was subsequently buried by an organic rich sandy silt soil (Unit 4) that 
accummulated in the graben.  The soil is buried by another gravel and cobble 
deposit (Unit 5) inferred to be scarp-derived colluvium  that was deposited 
after the penultimate earthquake.  Evidence for the most recent earthquake 
includes an over-steepened slope at the base of the uphill facing main scarp 
and partially �lled and open �ssures that warp the modern peat mat.  These 
�ssures occur above faults that cut the penultimate colluvium (Unit 5) and 
triultimate colluvium (Unit 3).

Initial e�orts to date the faulted deposits by radiocarbon analyses resulted in 
modern ages.  We hope to resample and obtain more viable samples in 2014.

8 meter 
restoration

25 meter 
restoration

43 meter 
restoration

Photograph shows several traces of the Denali fault extending 
across a displaced debris flow fan (our slip rate site).  The western 
margin of the fan is delineated by a black line.  We infer that displacement 
along the fault caused the margin of the fan downslope of the fault to 
become shielded from further erosion and deposition on the fan surface.  
Thus, the offset of the fan margin represents the cummulative displacement 
of the fan.

Photo descriptions: Fault indicated by thin red line in each photo.
(P1) View northwest of displaced debris flow fan, location of paleoseismic studies.  (P2) Left-stepping fissures across a
steep rock avalanche deposit.  (P3) Right-laterally offset ice scoured bedrock river channel margin.  (P4) Left-stepping
scarps and fissures across the lower part of debris flow fans showing the width of deformation.  (P5) Left-stepping fissures
approximately 5-m-long, 1.5-m-wide, and 0.5-m-deep.  (P6) Faulted rock avalanche deposit.  (P7) Linear trough along 
steep bedrock slope and offset fan head.  (P8)  Stream channel offset across two fault strands.  Geologists are standing
along the western stream channel margin.  Total offset ~4 m.   

An ~16,000 point differential GPS survey of the fan was used to 
generate derivative hillshade, curvature, and a topographic maps of 
the fan.  Displaced channels that are 0.5- and 1.5-m-deep are clearly 
defined on the derivative maps. 

The steep debris fan is displaced along a series of well-defined left-
stepping linear fault traces.  Based on field measurements, multi-event 
displacements of debris-flow and snow-avalanche channels incised into 
the fan range from 8 to 43 m, the latter of which serves as a minimum 
cumulative fan offset estimate.  Additional offsets of up to 5 meters were 
observed along secondary strands of the fault downslope of the main trace
indicating that the cummulative slip may be as much as 48 m.    

Curvature map showing concave slopes (red and yellow 
colors) that indicate the locations of displaced channels

Topographic profiles generated from the DEM, curvature maps and an aerial 
photograph are used to back-slip offset along the fault.  An 8-meter offset restores
channel 1 to the main trunk channel on the apex of the fan.  An ~25 meter offset
appears to restore a distributary channel network associated with channels 3, 4, and 5.
These channels are interpreted to be the result of a snow- or debris-avalanche
that flowed over the western part of the fan after initiation of displacement of the 
fan apex and margin.  A 43-meter-offset restores steep slopes along the fan’s western
margin and aligns channel 2 with the main trunk channel on the apex of the fan.
The offset is consistent with field observations.
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Previous studies:

This poster presents:

              New field-based Quaternary surficial-geologic mapping along the Denali fault in the Healy B-3 Quadrangle.

              Preliminary paleoseismic trench results.

              Hillshade, curvature, and 1-m topographic maps of an offset debris flow fan based on a differential GPS 
   survey and fault parallel profiles derived from the digital elevation model.

    Cosmogenic 10BE exposure ages for surface boulders deposited on the fan and an estimate of the 
   cumulative displacement.  These data are used to estimate a minimum slip rate.

Preliminary paleoseismic observations along the central Denali fault, Alaska
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SLIP RATE

Between the Nenana Glacier and Pyramid Peak, the Denali fault is characterized by prominent tectonic geomorphic features 
that include linear side-hill troughs, mole tracks, anastamosing composite scarps, and open left-stepping fissures.  
Measurements of offset rills and gullies indicate that slip during the most recent earthquake was between ~3 and 5 meters, 
similar to the average displacement in the 2002 earthquake. Although the dominant motion is right-lateral strike slip, a small
component of vertical motion was associated with the most recent rupture across the quadrangle.  The vertical component
was observed along composite scarps as the oversteepened basal part of the slope and is typically between 10 and 50 cm.

Width of Deformation:
The fault is typically associated with a single well-defined trace where it extends across steep slopes.  In these areas, the 
width of deformation is confined to several meters and associated with uphill facing scarps and linear troughs.  Where the
fault extends across alluvial plains and other loose unconsolidated deposits it is expressed as anastamosing scarps and left-
stepping open fissures and grabens.  In these areas, deformation is concentrated along a main strand but distributed across
several subsidiary strands within a zone up to 60-m-wide.  

offset fan, trench

offset fan, trench

T23C-2598: Presented at the American Geophysical Union (AGU) annual 
meeting, December 9-13, 2013, San Francisco, CA 

DISPLACED DEBRIS FLOW FAN: DIFFERENTIAL GPS SURVEY 

Elevation enhanced hillshade showing displaced
channels and locations of 10 Be samples and profiles

1-m countour map
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DISPLACEMENT RETRODEFORMATION
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Offset reconstruction of channels

channel 2

R
el

at
iv

e 
P

ro
ba

bi
lit

y
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Probability density function (red curves)
based on age and uncertainty for individual 
boulder ages.  Note cluster of younger ages.

Black curve = cumulative probability
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Poorly constrained geologic
estimate 1-5 mm/yr

Poorly constrained 
geologic estimate 
1-5 mm/yr

This study

Totschunda flt.

Previous rates:
Matmon et al., 2006
fault   site  ave. rate (mm/yr)    

DFSC  9.4 ± 1.6
DFWC  9.4 ± 1.6
DFCR  12.1 ± 1.7
DFMF  12.1 ± 1.7
DFTR  8.4 ± 2.2
DFDP  6.0 ± 1.2
DFNM  6.0 ± 1.2    

Denali
Denali
Denali
Denali
Denali
Totschunda
Totschunda

Previous rates:
Mériaux et al., (2009)
fault   site   ave. rate (mm/yr)    
Denali  Bull Creek  6.7 ± 1.2  
Denali  Slate Creek  9.6 ± 0.9 to 14.4 ± 3.3
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View west along main uphill-facing
fault scarp extending across debris
�ow fan. O�set channel shown (blue).

View south of main fault scarp and 
trench site.

The intracontinental right-lateral Denali fault extends over 2,000 km, including ~500 km along the arcuate southern 
margin of the Alaska Range in south-central Alaska (St. Amand, 1957; Grantz, 1966; Richter and Matson, 
1971). The fault was the source of the 2002 Mw=7.9 Denali fault earthquake, one of the seven largest continental 
strike-slip earthquakes since 1900 (Schwartz, 2006), which ruptured 340 km along the Susitna Glacier thrust, 
Denali fault, and Totschunda fault (Eberhart-Phillips and others, 2003; Haeussler and others, 2004). The fault 
accommodates a component of slip related to the approximately 4.9–5.7 cm/yr of relative oblique convergence 
between the Pacific/Yakutat and North American plates, the remainder of which is accommodated by the 
subduction interface, foreland fold and thrust belt structures, and other smaller lateral slip faults.

Previous paleoseismic studies along the central Denali fault (Schwartz and others, 2003; in review) indicate that 
the 2002 rupture section produced an earthquake sometime between 340 and 590 yr b02 (before 2002) and 
another between 705 and 1,070 yr b02. The central Denali fault west of the 2002 rupture produced earthquakes 
between 100 and 370 yr b02 and between 550 and 680 yr b02. East of the junction between the Denali and 
Totschunda faults, the eastern Denali fault ruptured in three paleoearthquakes between 100 and 346 yr b02, 
≥550 and 680 yr b02, and ≤1,010 and 1,220 yr b02 (Schwartz and others, 2012).  Recent trenching efforts across 
the fault on a Nenana River terrace directly east of the Parks Highway indicate the occurrence of at least three 
paleoearthquakes (Bemis and others, 2012).

Long-term geologic slip rates have been evaluated by two separate studies of offset glacial deposits by 10Be 
surface exposure dating and field measurement of the offsets at several sites (Matmon and others, 2006; Mériaux 
and others, 2009).  Both studies evaluated the Slate Creek site, east of the Richardson Highway, and estimated 
latest Pleistocene slip rates of 12.0 ± 1.8 mm/yr (Matmon and others, 2006) and 13.6 ± 3.8 mm/yr (Mériaux and 
others, 2009).  At Bull Creek, approximately 55 km west of our site, Mériaux and others (2009) estimated a slip
rate of 6.7 ± 1.2.  At the DFSC and DFWC sites, approximately 15 km and 12 km west and eat of our site, 
respectively, Matmon and others (2006) report an average slip rate of 9.4 ± 1.6 mm/yr.  These studies indicate a 
slight westward decrease in slip rate consistent with geodetic (6.5–9 mm/yr) and InSAR (10 mm/yr) measurements 
of strain accumulation (Fletcher, 2002; Biggs and others, 2007), a westward decrease in cumulative slip (Plafker 
and Berg, 1994), as well as westward diminishing average slip in the 2002 earthquake (Haeussler and others, 
2004; Taylor and others, 2008).
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The Denali fault in south-central Alaska, from Mt. McKinley to the Denali-Totschunda fault branch point, 
accommodates ~9-12 mm/yr of the right-lateral component of oblique convergence between the Pacific/Yakutat 
and North American plates. The eastern 226 km of this fault reach was part of the source of the 2002 M7.9 
Denali fault earthquake. West of the 2002 rupture there is evidence of two large earthquakes on the Denali fault 
during the past ~550-700 years but the paleoearthquake chronology prior to this time is largely unknown.
 
Thus, to better constrain fault rupture parameters for the western Denali fault and contribute to improved seismic 
hazard assessment, we performed helicopter and ground reconnaissance along the southern flank of the Alaska 
Range between the Nenana Glacier and Pyramid Peak, a distance of ~35 km, and conducted a site-specific 
paleoseismic study focused on slip rate and rupture history.  

An additional component of this study was to better define fault rupture parameters including the style of rupture, 
width of deformation, and amount of displacement in the most recent earthquake.  In addition to slip rate and 
recurrence, an accurate assessment of these additional parameters is important for fault crossing design related
to a major proposed natural gas pipeline, the Alaska Stand Alone Pipeline (ASAP).  
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