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1  | INTRODUC TION

Major strike-slip fault systems commonly display systematic varia-
tions in geodetic (Mahmoud et al., 2013; Tatar et al., 2012; Zheng 
et  al.,  2013) and Pleistocene-Holocene geologic slip rates (Liu 
et al., 2020; Matmon et al., 2006; Norris & Cooper, 2001; Zeng & 
Shen, 2014; Alchalbi et al., 2010, Kirby et al., 2007 exs. Altyn Tagh, 
Anatolia, Dead Sea, Denali, Kunlun, San Andreas). Decreasing 
strike slip-rate is generally attributed to strain partitioning 
whereby the missing slip is often taken up by dip-slip splay faults 
and distributed deformation off of the master strand of the fault 
(Burkett et al., 2016). Missing slip can also manifest as vertical tec-
tonics proximal to the master strand as evidenced by high topogra-
phy and/or rapid exhumation adjacent to strike-slip fault systems 
(Benowitz et al., 2011; Duvall et al., 2013; Spotila et al., 2007). The 
ubiquitous presence of mountain ranges along strike-slip faults 
indicates that slip partitioning is a long-term process; however, 
directly quantifying slip partitioning on the 106–107  years time 

scale is challenging because transient geometric instabilities along 
strike-slip faults may limit master fault strand longevity (e.g. re-
straining bend abandonment; Cooke et  al.,  2013; Wakabayashi 
et al., 2004), and plate convergence vectors may vary through time 
(Sharp & Clague, 2006).

One approach to address these challenges is to identify mul-
tiple piercing points of similar age distributed along the length of 
faults. Detailed geochronology, geochemistry and mapping of dis-
membered magmatic bodies and/or sedimentary basins can pro-
vide robust strike-slip piercing points (Fasulo et  al.,  2020; Leloup 
et al., 2013; Pundir et al., 2020). However, the correlation of dismem-
bered magmatic bodies across faults is complicated by a growing 
body of research demonstrating that granitoid plutons are con-
structed incrementally, heterogeneous at all scales and derived from 
multiple end member lithospheric reservoirs (Annen, 2011; Bartley 
et al., 2018; Szymanowski et al., 2020). Although the role of strike-
slip fault systems during pluton emplacement is disputed (Patterson 
& Schmidt, 1999), the linkage between strike-slip faults and volcanic 
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We identify two piercing point pairs along a ~500 km transect of the arcuate strike-
slip Denali fault to document long-term slip partitioning. Geochemical and isotopic 
similarity between Foraker and Panorama-Schist Creek-Nenana Plutons suggest 
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0.41 and our new constraints yield a Late Eocene-Holocene ratio of 0.46. Hence, we 
interpret that the overall arcuate geometry of the Denali fault master strand was es-
tablished by 33 Ma. We infer that the persistent long-wave geometric stability of the 
Denali fault and other highly slip partitioned fault systems are related to long-term 
highly oblique transpressive environs.
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vent location is well documented (Gómez-Vasconcelos et al., 2020; 
Mathieu et  al.,  2011; Tibaldi et  al.,  2009). Given that volcanoes 
have an associated intrusive-plutonic reservoir(s), there is a clear 
association of magmas with arc-parallel strike-slip systems (Webb 
et al., 2020). Furthermore, because syn-motion pluton emplacement 
on the 106 years time scale can result in composite plutons emplaced 
over 10s of kms along strike on both sides of a fault system, it should 
be expected that dismembered plutons along strike-slip faults have 
overlapping age and chemistry with intra-pluton age and chemistry 
variability (Abbas et al., 2018; Pe-Piper et al., 1996). Understanding 
and documenting such variability is key to identifying dismembered 
plutons that may serve as reliable piercing points to reconstruct 
strike-slip motion.

The Denali fault system is a long-lived (>100  My; Trop 
et  al.,  2020) and active dextral fault system responsible for the 
highest topography in North America (Burkett et  al.,  2016). Late 
Pleistocene-Holocene slip rates along the Denali fault in Alaska 
decrease from east (12.9 mm/year) to west (5.3 mm/year; Figure 1; 
Haeussler et al., 2017) with partitioned strain accommodated in part 
via thrust fault splays on both sides of the fault (Bemis et al., 2015; 
Waldien et al., 2018, 2021). It currently accommodates ~20% of the 
active convergence between the Yakutat plate and North America 
(Elliott & Freymueller, 2020), has experienced at least 400  km of 
total slip since 57  Ma (e.g. Riccio et  al.,  2014), and delineates the 
boundary between the allochthonous Wrangellia Composite 
Terrane and rocks with a North American affinity along much of its 
strike length (Fitzgerald et al., 2014; Trop et al., 2019). The presence 

of a regionally unique suite of Eo-Oligocene plutons associated with 
the Denali fault zone provides a target for potential offset-marker 
pairs (Wilson et al., 2015). Moreover, given the high rock uplift rates 
leading to deep Neogene exhumation along both sides of the Denali 
fault (e.g. Waldien et al., 2020), it is practical to assume there are no 
buried Eo-Oligocene plutons proximal to the fault system that may 
be the actual hidden dismembered half.

Here, we leverage these well-established attributes to evaluate 
the stability of distributed slip partitioning on the 107 years time scale 
along this continental strike-slip fault by presenting two new Eo-
Oligocene piercing points that span 500 km strike-length of the west-
ern and eastern Denali fault. These piercing points are supported by 

Significance Statement

New data demonstrate that strain partitioning has been 
a long-term process along the Denali fault since at least 
~33 Ma, suggests long-term stability of the master strand 
of the Denali fault system, validates a growing number of 
models invoking significant (>1,000  km) margin-parallel 
terrane translation, and represents a paradigm-shifting 
study with broad implications for the northern Cordillera. 
Most importantly, our overall study documents how obliq-
uity may influence strike slip fault behavior and geometric 
stability globally and in the geologic past.

F I G U R E  1   Simplified tectonic map of southern Alaska on a shaded relief base map labeled with Pleistocene-modern constraints on slip 
rate from Haeussler et al. (2017; and references therein). Dotted white line outlines the constrained distribution of the shallowly subducted 
Yakutat microplate. Thick white arrows show plate vectors relative to North America. Please notice that from East to West, obliquity 
predominant plate motion increases. Inset “B” on lower right shows Cretaceous suture zone separating Insular terranes from inboard 
terranes. Abbreviations: HCF, Hines Creek fault; KB, Kahiltna basin; SZ, Alaska Range Suture zone; TAF, Talkeetna fault; TF, Totschunda 
fault; UTi, undifferentiated terranes and igneous rocks; UTs, unidentified terranes and sedimentary rocks; YTT, Yukon-Tanana terrane 
[Colour figure can be viewed at wileyonlinelibrary.com]
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detrital zircon U-Pb geochronology from bedrock metasedimentary 
samples and modern sediments sourcing isolated catchments, U-Pb 
zircon geochronology of igneous bedrock samples, zircon Hf isotopic 
tracer analysis, major and trace element geochemistry, and petrogra-
phy (Tables S1–S3; the data that supports the findings of this study are 
available in the Supporting Information of this article).

2  | WESTERN DENALI FAULT: EOCENE 
PLUTONS

Late Eocene plutonic rocks are spatially associated with the Denali 
Fault (Wilson et al., 2015). A previous reconstruction of the late 
Eocene Foraker and McGonagall plutons (Figure 2) as a separated 
pluton across the western Denali fault, indicating a mere 38 km of 
displacement in 38 Ma (Reed & Lanphere, 1974), was recently dis-
proven using paired U-Pb-Hf isotopic analysis of zircon and bulk 
rock major and trace element geochemistry (Figures 3 and 4; Regan 
et al., 2020). Here, we apply the same approach to other late Eocene 
plutons spatially associated with the trace of the modern Denali fault 
with the goal of identifying a new piercing point to constrain long-
term slip rates of the western Denali fault.

We investigated if the late Eocene Panorama, Schist Creek 
and Nenana plutons, which are located to the north of and trun-
cated by the Denali fault, might correlate with the Foraker pluton 
(Brewer, 1977; Figure 2). Based on our field observations and ana-
lytical results we interpret the Panorama, Schist Creek and Nenana 
plutons as the roof of a composite body separated by septa of 
Cretaceous strata (Cantwell Formation; Ridgway et al., 2002). The 
rocks of the composite Panorama-Schist Creek-Nenana pluton 
are K-feldspar, quartz, plagioclase, biotite granite to granodiorite 

and have remarkably similar major and trace element chemistry to 
the Foraker pluton (Figure 3; Figures S1 and S2; Table S1). U-Pb 
geochronology from eight samples of the composite Panorama-
Schist Creek-Nenana pluton along a 50  km-long fault-parallel 
transect yield crystallization ages consistently younging east to 
west ranging from 38.46 ± 0.17 Ma (MSWD: 1.2) to 36.54 ± 0.59 
(MSWD: 1.8), and εHf(t) values from approximately +6 to +12 
(Figure 4; Figure S2; Table S2). The Foraker and Panorama-Schist 
Creek-Nenana plutons appear to be composite plutons, display-
ing intra-pluton variation in their geochemistry and emplacement 
ages (Figures 3 and 4). One sample from the Schist Creek pluton 
and one sample from the Foraker pluton yielded nearly identical 
U-Pb-Hf results of 37.82 ± 0.30 (MSWD: 1.50) and 37.59 ± 0.18 
(MSWD: 0.89) and εHf(t) values from +7 to +12 and +9 to +12 
respectively (Figure 4b).

The Panorama-Schist Creek-Nenana pluton and Foraker 
composite plutons are demonstrably similar in their age and 
Hf-isotope characteristics (Figure  4). Both systems are young 
from east to west and have consistent internal major and trace 
element variability. The Nenana and Foraker Plutons intrude 
Kahiltna formation and McKinley Sequence granite along their 
eastern margins. Furthermore, the overall geometry of the 
Panorama-Schist Creek-Nenana and Foraker composite plutons 
appear to be mirrored asymmetrically about the Denali fault 
(~50  km length; Figure  2), and we propose the entire Foraker-
Panorama-Schist Creek-Nenana pluton as a new piercing point. 
Based on reconstructing samples with the greatest age and iso-
topic likeness as well as using the intersection of each pluton 
with McKinley Sequence granitoids and Kahiltna assemblage 
host rocks indicates ~155 km of slip on the Denali fault since ca. 
37 Ma (Figure 4).

F I G U R E  2   Hillshade and simplified terrane map of the central and eastern Alaska Range showing the distribution of Eo-Oligocene 
plutons (pink polygons) and samples discussed in text (white boxes) relative to the Denali fault and adjacent terranes. The inset location map 
of mainland Alaska and adjacent Canada contains major Cordilleran dextral slip faults; (T-K–Tintina-Kaltag; D-Denali; C-LC–Castle Mountain-
Lake Clark; BH- Border Ranges-Hanagita). The estimated >400 km of total Cenozoic slip on the Denali fault comes from correlation of the 
Kluane and Maclaren terranes (K, M respectively–green polygons). Oblique convergence across the Alaska Range (depicted as bent arrows) 
is driven by highly coupled subduction of the Yakutat microplate (Y-orange polygon) beneath the southern Alaska margin (subducted extent 
depicted as light orange polygon-from Wech [2016]). Inset table contains estimates of long-term slip (colored circles) in the Denali fault 
system. Offset sources: a-this study; b-Nokleberg and Richter (2007); c-Nokleberg et al. (1985); d-Waldien et al., 2018; e-Berkelhammer 
et al. (2019). Circles with arrows indicate that the correlative rocks are not on the map. Boxed numbers along the Denali and Totschunda 
faults indicate the average geologic Pleistocene-Holocene slip rates (in mm/year) from Haeussler et al. (2017) [Colour figure can be viewed 
at wileyonlinelibrary.com]
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3  | E A STERN DENALI FAULT: 
COT TONWOOD -MACL AREN CONNEC TION

Nokleberg and Richter (2007) first proposed a link between the 
Maclaren (south of the Denali fault) and the sliver (10  kms by 2 
kms) Cottonwood (north of the Denali fault) terranes on the basis 
of petrographic similarity of metagranite and schist in the two ter-
ranes. Accordingly, they suggested that the two terranes represent a 
once coherent body that was split by the Denali fault (Figure 2). The 
Maclaren-Cottonwood correlation provides an opportunity to seg-
ment both the time (57 Ma to present) and >400 km distance of the 

oft-cited Maclaren Terrane and the Kluane Terrane (northeast of the 
Denali fault in Yukon) piercing point (Nokleberg et al., 1985; Riccio 
et al., 2014; Figure 2).

We present several lines of evidence that substantiate the 
correlation of Nokleberg and Richter (2007). Quantitative com-
parison of detrital zircon geochronologic data from schists of the 
Maclaren Terrane (04RAP) and the Cottonwood Terrane (05COT) 
indicate that the Maclaren and Cottonwood schists are more sim-
ilar to each other than any of the other sedimentary successions 
proximal to the Denali fault (Figure 5). Multi-dimensional scaling 
based on cross-correlation of probability density distributions 

F I G U R E  3   Geochemical results from the Panorama-Schist Creek-Nenana pluton compared to the Foraker and McGonagall Plutons along 
the Denali fault (Figures S1 and S2; Table S1). (a) Fe-index plot after Frost and Frost (2008); (b) Modified-alkali-lime-index plot (MALI) after 
Frost and Frost (2008); (c) Incompatible element spider diagram normalized to mid ocean ridge basalts (Gale et al., 2013) comparing data 
from the Foraker pluton to all other Eocene plutonic rocks analysed in this study. (d) Chondrite-normalized REE element diagram (Sun & 
McDonough, 1989) comparing data from the Foraker pluton to all other Eocene plutonic rocks analysed in this study. These data show much 
more similarities between rocks of the Foraker pluton with those from the Panorama-Schist Creek-Nenana plutons than the McGonagall 
pluton [Colour figure can be viewed at wileyonlinelibrary.com]
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(Saylor & Sundell,  2016) demonstrates that Jura-Cretaceous 
basins along the Denali Fault form distinct groups readily dis-
tinguishable from the Cottonwood and Maclaren terranes, and 
support the Maclaren and Cottonwood Terranes as a unique 
match (Figure 5).

Several late Cretaceous and Cenozoic plutons intrude the 
Maclaren schist, some of which are of Eo-Oligocene in age 
(Figures  1 and 6; Figures  S3 and S4; Table  S2). Schist sample 
04RAP provided two metamorphic zircon grains of Oligocene age 
(34.46 ± 1.66 and 35.88 ± 1.95 Ma; Figure 6). The ~23 Ma (igneous 
zircon U-Pb age) orthogneiss of the Cottonwood Terrane also con-
tains a population of inherited zircon grains yielding a 206Pb/235U 
weighted average of 33 Ma. Interpreted to reflect the same event, 
one representing anatexis and the other metamorphism, our new 
data suggests that Maclaren and Cottonwood terranes were 
a coherent body until at least 33  Ma (Figure  6; Figures  S3 and 
S4; Table S2). Bedrock plutonic (20 samples, Figures. S3 and S4; 
Table S2) and modern river detrital zircon U-Pb data (eight rivers, 
Figure 7; Figure S5; Table S2) demonstrate there are no Eocene 
nor Oligocene plutons exposed along the Denali fault between 
the Maclaren and Cottonwood Terranes, adding support to the 
presence of a unique piercing point match between these two 
now distal terranes (Figure S6). The sum of these U-Pb data estab-
lishes that the Maclaren-Cottonwood metamorphic terrane was 
a coherent body until at least 33 Ma when the adjoined terranes 
experienced ~33 Ma plutonism and have since been dismembered 
and translated~305 km by the Denali fault.

4  | IMPLIC ATIONS OF LONG -TERM SLIP 
PARTITIONING ALONG THE DENALI FAULT

The two new piercing points proposed herein constrain the time-
averaged slip rates along the western and eastern Denali fault 
since ca. 33 Ma. The analytical uncertainty of our long-term slip 
rate calculations is minimal (<0.1  mm/year) being based on the 
~1% error of the age constraints, hence no uncertainty is applied. 
The geochemical and isotopic similarity between the Foraker and 
Schist Creek-Nenana Plutons suggest ~155  km of right-lateral 
displacement since crystallization (ca. 37  Ma). This age-offset 
pair yields a time-averaged slip rate of 4.2  mm/year, similar to 
the 5.3 mm/year Pleistocene-Holocene slip rate for the western 
Denali fault defined by offset glacial features and rivers as well 
as exposure age dating (Haeussler et  al.,  2017). The Maclaren-
Cottonwood Terrane correlation establishes ~305 km of displace-
ment on the eastern Denali fault since ca. 33 Ma. This age-offset 
pair results in a time and along strike averaged slip rate of 
~9.2 mm/year, which falls within the known range of Pleistocene-
Holocene slip rate point measurements of 7.1–12.9 mm/year for 
this western fault segment (Haeussler et al., 2017). Consequently, 
the ratio of Pleistocene-Holocene slip rate between the eastern 
and western Denali fault is 0.41 and the new slip constraints yield 
a long- term (≤33 My) ratio of 0.46 (Table 1). The new data, when 
compiled with existing slip constraints (Figure  1), point to long-
term stability of the east-to-west slip rate decrease wherein the 
eastern Denali fault has experienced substantially higher average 

F I G U R E  4   U-Pb age and Hf isotopic data from Eocene plutonic rocks from this study (Figures S1 and S2; Table S2) and Regan et al. (2020) 
highlighting similarities between Foraker contoured and Panorama-Schist Creek-Nenana Plutons relative to the McGonagall Pluton (Reed & 
Lanphere, 1974). (a) U-Pb results from all three plutonic systems; (b) εHf(t) data from all Eocene plutonic rocks displayed as bivariate kernel 
density estimates (KDE, Sundell et al., 2019). The dashed line indicates a 95% contour of εHf(t) data from the McGonagall pluton, and the 
contoured heatmap indicates εHf(t) data from the Foraker pluton (Regan et al., 2020). New data from the Panorama-Schist Creek-Nenana 
pluton are color coded and each diamond represents an individual zircon from which we have U-Pb and Hf-isotope data. The solid black line 
is the 95% contour of all new samples expressed as a combined KDE [Colour figure can be viewed at wileyonlinelibrary.com]
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slip rates for the last ca. 33  Ma relative to the western Denali 
fault (Figure  8). This finding is consistent with nearly constant 
exhumation rates in the Mount Hayes restraining bend region 
since ca. 25 Ma (Benowitz et al., 2019, 2014) associated with the 
accommodation of partitioned strain by vertical tectonics. We 
infer the slightly greater amount of strain partitioning along the 
Denali fault documented for the Pleistocene-Holocene span com-
pared to Oligocene-Present rate is related in part to a change in 
Pacific Plate convergence angle to more orthogonal (Doubrovine 
& Tarduno,  2008) and the development of the Mount McKinley 
restraining bend at ~6 Ma (Figure 1; Burkett et al., 2016).

The obliquity of convergence plays a first-order control on 
the evolution of slip partitioning in strike-slip fault systems. 
Given that the azimuth of the Denali fault trace varies by more 
than 50 degrees along our study region and two Pacific-North 
American plate vector changes have occurred in the last 25 Myr 
(e.g. Doubrovine & Tarduno, 2008; Jicha et al., 2018), calculating 
long-term convergence vectors across the Denali fault is prob-
lematic. However, geodetic data show that the Yakutat block 
converges with southern Alaska at a rate of ~50 mm/year along 
a vector of N23°W and southern Alaska moves along a similar 
trajectory at a significantly reduced rate relative to stable North 
America north of the Denali fault (Elliot et al., 2010; Figure 1). 
Plate circuit reconstructions suggest that southern Alaska plate 
deformation has involved a component of oblique convergence 
since the Oligocene (e.g. Jicha et  al.,  2018),  with a theoretical 
Denali fault normal rate of up to 3 mm/year (Bemis et al., 2015). 
Furthermore, the obliquity of the Denali fault relative to the in-
coming plates increases to the west and is linked to a decrease 
in Pleistocene-Holocene slip-rates (Haeussler et  al.,  2017) and 
an increase in thrust earthquakes adjacent to the master strand 
(Vallage et al., 2014). Hence, the modern and ancient Denali fault 

F I G U R E  6   Probability density plot of detrital U-Pb zircon geochronology results from bedrock metasedimentary schists from the 
Cottonwood and Maclaren terranes (Figure 1; Figures S2 and S3; Table S2). Inset diagram displays post depositional U-Pb results from ortho- 
and paragneisses Maclaren terrane samples as well as xenocrysts from younger (ca. 23 Ma) pluton samples in the Cottonwood terrane 
collected 0.5 kms from each other showing consistent evidence for zircon disturbance at ca. 33 Ma. Samples 09RAP and 23RAP were 
collected 4 kms from each other [Colour figure can be viewed at wileyonlinelibrary.com]

FIGURE 5 Multidimensional scaling plot based on the cross-
correlation of probability density functions of the Maclaren, 
Kluane and Cottonwood samples relative to other Jura-
Cretaceous (meta)sedimentary rocks exposed along the Denali 
fault. Data sources: 04RAP and 05COT-this study (Figures S2 and 
S3; Table S2), Maclaren-Waldien et al. (2020), Kluane-Israel et al. 
(2010), Wellesly, Slate Creek, Nutzotin and Wrangell Mountains-
Fasulo et al. (2020), Kahiltna-Fasulo et al. (2020) and Romero 
et al. (2020). Plot was made using DZmds (Saylor et al., 2017). 
A table of the cross-correlation values from which this plot was 
derived is included in the data repository. Maclaren samples are 
more distal from the Denali fault than 04RAP and 05COT, hence 
experienced a slightly different metamorphic history than these 
two Denali fault proximal samples [Colour figure can be viewed at 
wileyonlinelibrary.com]
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system is like many highly oblique strike-slip fault systems where 
greater slip partitioning is linked to increased obliquity (e.g. King 
et al., 2005).

Despite these similarities, the Denali fault is unlike a class of 
strike-slip fault systems, which generally exhibit transient ge-
ometries and multiple strands (i.e. San Andreas, Marlborough 

F I G U R E  7   Probability density plots of 
U-Pb zircon single grain ages from modern 
river sediment samples and bedrock 
samples 04COT, 06COT and 04RAP 
demonstrating the lack of 30–40 Ma 
zircon sources between the Cottonwood 
and Maclaren Terrane (watersheds on 
Figure S5; Table S2) [Colour figure can be 
viewed at wileyonlinelibrary.com]

TA B L E  1   Slip rate ratio calculations

Fault segment
Pleistocene/Holocene (mm/
year)

Long-term separation 
(km)

Age of piercing point 
(Ma)

Eocene-modern slip rate 
(mm/year) = (separation/age)

Western Denali fault 5.3 ± 0.6 155.0 37.0 4.2

Eastern Denali fault 12.9 ± 1.5 305.0 33.0 9.2

Ratio 0.41 (max 0.52, min 0.33) 0.46

https://onlinelibrary.wiley.com/
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and Dead Sea fault systems). The Denali fault master strand 
is a narrow structure (<1  km wide) at the surface that has 
continuously accommodated right-lateral slip since ca. 57 Ma 
(Figure  1) and partitioned strain along a generally stable ar-
cuate geometry since at least 33 Ma (this study). Other highly 
slip partitioned strike-slip fault systems with relatively high 
obliquity, (exs. Altyn Tagh, Castle Mountain, Karakorum and 
Kunlun fault systems) are also associated with anomalously 
high topography, have relatively stable (>10 Ma) master fault 
strands and locally extreme exhumation rates. Although litho-
spheric strength contrasts (Molnar & Dayem, 2010), maturity 
of the fault (Dolan & Haravitch, 2014) and thermal weakening 
due to magmatism (Garibaldi et al., 2016) factor into fault lo-
calization, we interpret the geometric stability of the Denali 
fault master strand relative to wrench-dominated strike-slip 
systems as a consequence of high obliquity. In addition to the 

factors mentioned above, higher obliquity promotes signifi-
cant vertical tectonics, perhaps serving to localize and pre-
serve strike-slip on the master strand between reverse fault 
splays.
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SUPPORTING INFORMATION
Additional Supporting Information may be found online in the 
Supporting Information section.
Figure S1. Central Alaska range map
Figure S2. Eastern Alaska range map
Figure S3. Cottonwood area map
Figure S4. 30-40 Ma U-Pb zircon single grain ages from the Cotton
wood and Maclaren Terrane piercing point rocks (Figure 1) demon-
strating the overlap of this discrete Alaska Range age population
Figure S5. Watershed map of modern river sediment samples
Figure S6. New and existing detrital zircon geochronology from 
along the Denali Fault (modified after Fasulo et al. (2020)). Data 

sources: 04RAP and 05COT- this study (Figs. DR2 and DR3; Table 
DR2), Maclaren-Waldien et al. (2020), Kluane- Israel et al. (2011), 
Wellesly, Slate Creek, Nutzotin, and Wrangell Mountains- Fasulo 
et al. (2020), Kahiltna- Fasulo et al. (2020) and Romero et al. 
(2020).
Table S1. Whole rock major and trace element geochemistry of plu-
tonic rocks along the Denali Fault.
Table S2. Sampling locations and descriptions for U-Pb samples.
Table S3. A to Z analytical methods.
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