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ARTICLE INFO ABSTRACT

Editor: Howard Falcon-Lang This study explores the influence of the Alleghanian-Ouachita-Marathon Orogeny and Ancestral Rocky Moun-
tains (ARM) uplifts on sediment dispersal in the Carboniferous through sandstone compositions and detrital zir-
Keywords: con provenance analysis. We focus on Upper Mississippian to Middle Pennsylvanian siliciclastic intervals in two
U-Pb areas: (1) the Hugoton Embayment in southwestern Kansas, where six samples of Upper Mississippian and Lower

Ancestral Rocky Mountains Pennsylvanian sandstone were collected from two boreholes and (2) the Arkoma Shelf and foreland basin in

Carbonife'rous northwestern Arkansas, where nine samples were collected from Lower through Middle Pennsylvanian outcrops.
:ﬁparch}an We report 1544 new concordant ages, 582 ages from Kansas core and 962 ages from Arkansas outcrop samples.
eghanian

U—Pb age spectra are characterized by major Grenville (900-1300 Ma) and Taconic-Acadian (350-500 Ma)
age clusters and minor components of older age groups, suggesting a persistent source in the Appalachians tied to
the Alleghanian orogeny. However, by Early Pennsylvanian, the Hugoton Embayment samples see the Ap-
palachian source partially replaced by Yavapai-Mazatzal (1800-1600 Ma) and Granite-Rhyolite
(1550-1300 Ma) grains, major components of the local basement, that suggest contributions from nearby ARM
uplifts. In contrast, contributions from midcontinent basement sources are limited in the Arkoma Shelf and fore-
land basin samples. Sandstone composition data are also consistent across all Arkoma Shelf and Upper Mississip-
pian Hugoton Embayment samples; whereas, Lower Pennsylvanian Hugoton samples show increases in feldspar
and volcanic lithic grains, consistent with input from local midcontinent age provinces. Comparison with pub-
lished data suggests a similar change in provenance, from extraregional to local sediment sources, is observed
across western Laurentia where ARM deformation was active. Together, new and published data support devel-
opment of a major transcontinental sediment dispersal system in the Late Mississippian, controlled by Alleghan-
ian orogenesis on the eastern Laurentian margin; however, by the Early Pennsylvanian this system was disrupted
by development of the ARM.

Transcontinental sediment

1. Introduction the landscape. It has been proposed that a major consequence of this

changing tectonic landscape was the establishment of transcontinental

The tectonic landscape of the Carboniferous was complex, with oro-
genesis occurring along much of the Laurentian margin. The Ap-
palachian orogenic series culminated in the Alleghanian orogeny on the
eastern margin of Laurentia, and the southern margin of the continent
saw the east-to-west closure of the Rheic Ocean and deformation tied to
the Ouachita-Marathon orogeny (Hatcher Jr et al., 1989; Hatcher,
2002). These events and the development of mountains that may have
been similar to the scale of modern-day Tibet had profound effects on
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sediment transport systems, whereby sandstones as far west as in the
Grand Canyon of Arizona were sourced from the Appalachian orogen
through a system of westward flowing rivers and wind and ocean cur-
rents (Gehrels et al., 2011; Chapman and Laskowski, 2019; Wang and
Bidgoli, 2019; Lawton et al., 2021). Although an Appalachian source
for Mississippian and younger sediments is evident and widely accepted
(Gehrels et al., 2011; Xie et al., 2016; Alsalem et al., 2017; Thomas et
al., 2017; Kissock et al., 2018; Jones et al., 2019; Wang and Bidgoli,
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2019; Chapman and Laskowski, 2019; Thomas et al., 2020; Waite et al.,
2020), the details of this continental-scale sediment transport system
remain enigmatic. In particular, the role of deformation occuring in the
interior of Laurentia on Carboniferous sediment dispersal and prove-
nance has remained elusive.

While the influence of Alleghanian orogenesis on Carboniferous sed-
iment dispersal is well discussed (e.g., Chapman and Laskowski, 2019;
Thomas et al., 2020), during this same period, the interior of the craton
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was experiencing the far-field effects of convergence along its margins
(Curtis, 1958; Mallory, 1958; Kluth, 1986; Kluth and Coney, 1981; Ye et
al., 1996; Dickinson and Lawton, 2003; Lawton et al., 2017; Leary et al.,
2017). Intraplate stress transmission resulted in the development of a
series of dominantly NNW- to NW-trending basement-cored structural
highs, known as the Ancestral Rocky Mountains (ARM), and adjacent
basins, that span much of the central and western USA (Fig. 1A). The
most prominent of these ARM uplifts, the Front Range and Uncom-
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Fig. 1. (A) Distribution of major age provinces in central and southern North America and location of Kansas and Arkansas study regions (red boxes) (modified from
Park et al., 2010; Gehrels et al., 2011; and Xu et al., 2017). Major tectonic elements shown in red. ARM uplifts shown in purple. (B) Basement structure of the mid-
continent (modified from Rascoe and Adler, 1983). Contours are in feet (1 ft ~ 0.3045 m). Chester (red) and Morrow (green) oil fields and outcrop sites are shown.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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paghre uplifts, have kilometers of vertical displacement, and the prod-
ucts of their erosion were preserved in nearby basins (Eardley, 1951;
Kluth and Coney, 1981; Barbeau, 2003; Leary et al., 2020). But other
structures, generally believed to belong to the ARM, like the buried
Nemaha Ridge in Kansas and Oklahoma, are more subtle features and
their influence on provenance and sediment routing is not clear (Fig. 1;
Xie et al., 2018; Thomas et al., 2020).

Since publication of the Gehrels et al. (2011) model, a large number
of studies have explored the provenance of sediments across Laurentia
and different aspects of the continental-scale transport model. The
provenance of Carboniferous sandstones in eastern Laurentia, including
in the Appalachian foreland basin and nearby intracratonic basins like
the Michigan and Illinois basins is well studied (e.g., Xie et al., 2016; Li,
2016; Rothschild et al., 2016; Thomas et al., 2017; Xie et al., 2018;
Kissock et al., 2018; Thomas et al., 2020). Similarly, a great deal of ef-
fort has gone into understanding the influences of local and extrare-
gional sediment transport to many of the ARM and temporally equiva-
lent basins in western Laurentia (e.g., Sweet and Soreghan, 2010; Nair
et al., 2018; Leary et al., 2020). However, the intervening region in the
central USA is poorly studied, in part, because few sandstones are avail-
able for study along the carbonate-shale dominated shelf, and many of
the age-equivalent formations are now buried in the subsurface.

This study explores the influence of the Alleghanian-Ouachita-
Marathon orogeny and Ancestral Rocky Mountains uplifts on sediment
dispersal in the Carboniferous through sandstone compositional and de-
trital zircon provenance analysis. We focus on two areas that reside
along proposed transcontinental sediment transport routes: (1) the
Hugoton Embayment in southwestern Kansas, where Upper Mississip-
pian and Lower Pennsylvanian sandstones form a stacked incised valley
fill complex and one of the few targets for study within the carbonate-
shale-dominated sequence and (2) the Arkoma Shelf in northwestern
Arkansas, where Upper Mississippian through Middle Pennsylvanian
sandstones capture the transition from a carbonate shelf to a clastic-
dominated foreland. The new ages are compared to published detrital
zircon data from age-equivalent sandstones across North America to
evaluate the role of extraregional versus local provenance and the influ-
ence of the ARM orogen and related uplifts on continental-scale sedi-
ment transport.

2. Geological setting
2.1. Tectonic background

The Carboniferous was a dynamic time interval in North America,
with major changes taking place in tectonics, climate, and sedimenta-
tion linked to the Laurentia-Gondwana collision and the eventual amal-
gamation of the Pangean supercontinent (Ziegler, 1990; Trappe, 2000;
Stampfli et al., 2013). Orogenesis was concentrated along the eastern,
southern, and western margins of Laurentia (Fig. 1a). On the eastern
margin, deformation culminated in the Alleghanian orogeny, the last
major collision of the Appalachian series, overprinting the earlier
Taconic (Ordovician) and Acadian (Devonian-Early Mississippian) oro-
genies (Hatcher Jr et al., 1989; Hatcher, 2002). Along the southern Lau-
rentian margin, the Alleghanian belt merges into the Ouachita-
Marathon system. The orogenic system formed during late subduction-
collision of the Laurentian margin beneath Gondwana (South America)
(Graham et al., 1975; Drake et al., 1989; Granath, 1989; Poole et al.,
2005; Nance and Linnemann, 2008). However, there is debate on the
plate margin configuration, with some studies suggesting that Laurentia
was in the upper plate of the subduction system prior to collision and fi-
nal closure (Domeier and Torsvik, 2014). This belt of deformation con-
tinues into Mexico, through Chihuaha and Sonora, and may become
transpressional (e.g., Dickinson and Lawton, 2003; Leary et al., 2017).
Along the western margin of Laurentia, the Antler orogeny and subse-
quent deformation is documented; however, the underlying cause of
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this recognized period of deformation is debated (e.g., Nilsen and
Stewart, 1980; Speed and Sleep, 1982; Trexler Jr et al., 2003, 2004;
Lawton et al., 2017).

In addition to orogenesis along the Laurentian margin, the interior
of the craton was also the site of deformation related to the ARM oro-
gen. The ARM are a complex zone of intraplate strain that may be
linked to one or more of the above described zones of convergence (Fig.
1; e.g., Curtis, 1958; Mallory, 1958; Kluth, 1986; Kluth and Coney,
1981; Ye et al., 1996; Dickinson and Lawton, 2003; Lawton et al., 2017;
Leary et al., 2017). The basement-involved structural highs and adja-
cent basins of the ARM orogen span a large swath of the central and
western USA and northern Mexico, and include prominent fault-
controlled structural highs with kilometers of vertical displacement
(e.g., the Front Range and Uncompaghre uplifts) to more subtle arches
and troughs that may be reactivated Precambrian basement features
(e.g., Nehama Ridge) (Eardley, 1951; Kluth and Coney, 1981; Barbeau,
2003). The main phase of ARM activity spans the Pennsylvanian to
early Permian, however, the timing of initiation is not well-constrained
or uniform and may have been as early as Late Mississippian (Kluth,
1998; Ye et al., 1996; Dickinson and Lawton, 2003; Leary et al., 2017;
Sweet et al., 2021).

2.2. Carboniferous depositional systems in the midcontinent

In the Early to Middle Mississippian, in the southern midcontinent
was a broad tropical carbonate platfrom. This platform, the Burlington
Shelf, extended from present-day Kansas into Missouri and northern
Arkansas (Lane and De Keyser, 1980; Gutschick and Sandberg, 1983;
Manger, 2014; Xie et al., 2016). Deposition in southwestern Kansas and
northwestern Arkansas was characterized by interbedded shallow-
water limestone and shale during Kinderhookian through Meremecian
(Tournaisian to middle Visean) time (Figs. 2 and 3; Rascoe and Adler,
1983; Montgomery and Morrison, 1999). However, by the Late Missis-
sippian to Early Pennsylvanian, the shelf was increasingly invaded by
siliciclastic sediments (Montgomery and Morrison, 1999; Bowen and
Weimer, 2003; McGilvery et al., 2016; Xie et al., 2016). In Arkansas, the
carbonate shelf was eventually replaced by a siliciclastic-dominated
foreland basin (Sutherland, 1988).

2.2.1. Incised valley fill systems in southwestern Kansas

In southwestern Kansas, sandstones occur in incised valley fill sys-
tems that developed during two time intervals: the Late Mississippian
and the Early Pennsylvanian (Montgomery and Morrison, 1999; Cirilo,
2002; Bowen and Weimer, 2003; Senior, 2012). Across the Hugoton
Embayment, a shallow extension of Andarko Basin, a Chesterian (Ser-
pukhovian) incised valley fill system is well-documented in several oil
and gas fields (Fig. 1b). This incised valley fill system developed during
a regressive-transgressive cycle, cutting a valley more than 70 m deep
in places, that can be tracked in subsurface datasets (e.g., wells and seis-
mic data) for over 160 km from Kansas into Oklahoma (Montgomery
and Morrison, 1999; Cirilo, 2002; Senior, 2012). In the Pleasant Prairie
field, the northernmost part of the preserved incised valley fill system,
fluvial sandstones are documented in core. Farther south, in the Eubank
and Shuck fields, core study reveals more tidally-influenced estuarine
environments, relative to the Pleasant Prairie field to the north, with es-
tuary bar sandstones as the major reservoir (Montgomery and
Morrison, 1999; Cirilo, 2002; Senior, 2012). A north-to-south paleo-
flow direction is inferred for this and other incised valley fill systems in
the midwest (Smith and Reed, 2000; Wang and Bidgoli, 2019). These
paleovalleys may represent local fluvial systems that connect to more
substantial trunk rivers of the transcontinental transport system (e.g.,
Wang and Bidgoli, 2019; Lawton et al., 2021).

Although carbonate sedimentation continued across much of the
midcontinent through the Pennsylvanian, the Morrowan (Bashkirian)
saw some of lowest Carboniferous sea levels, resulting in multiple re-
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Fig. 2. The stratigraphic correlation of Kansas boreholes used in this study and Wang and Bidgoli (2019). Stars correspond to core sample depths.
Stratigraphic tops data are from the Kansas Geological Survey (http://www.kgs.ku.edu/). Inset table provides each sample's coordinates, age, depth, de-

scription, and source.

gressive-transgressive cycles and the development of incised valley fill
successions (Ross and Ross, 1988; Sonnenberg et al., 1990). These de-
posits, which extend from southeastern Colorado and southwestern
Kansas into Oklahoma and Texas, are coarse-grained sandstones inter-
spersed between marine mudstones (Sonnenberg et al., 1990; Rader,
1990; Bowen and Weimer, 2003).

2.2.2. Incursions of terrigenous clastics in northwestern Arkansas

In northwestern Arkansas, a broad and stable carbonate platform
occupied the passive continental margin from the early Paleozoic
through the Middle Mississippian (Rascoe and Adler, 1983; Sutherland,
1988). However, toward the end of the Mississippian, the depositional
pattern on the shelf changed and intermittent incursions of terrigenous
clastics became increasingly common. The earliest record of these
changes includes the Batesville and Wedington sandstones (Fig. 3, Gar-

ner, 1967; Sutherland, 1988; Xie et al., 2016). Detrital zircon prove-
nance analysis of these sandstones suggests a major source in the Ap-
palachian region (Xie et al., 2016; Wang and Bidgoli, 2019). Although
carbonate sedimentation continued through the Early Pennsylvanian,
the Morrowan (Bashkirian) saw a significant increase in clastic detritus
to the shelf. This transition to a mixed carbonate-siliclastic system is
recognized in the Hale and Bloyd formations (Fig. 3, Henbesi, 1953),
which reflect a third-order transgressive-regressive cycle (McGilvery et
al., 2016). The Cane Hill Member of the Hale Formation, which conists
of tidally-influenced sandstone and shale interbeds, formed during the
initial transgression of the shelf, following a major sea-level draw down
in the Early Pennsylvanian (Liner, 1979; Sutherland, 1988). Continued
sea-level rise and establishment of longshore currents led to the deposi-
tion of inner shelf to shoreface sandstones of the Prairie Grove Member
of the Hale Formation (Liner, 1979; Sutherland, 1988). The Brentwood
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Member of the lower Bloyd Formation overlies the Prairie Grove and
consists of alternating quartz sand-rich grainstone/packstone and black
shale that represent maximum flooding of the shelf (McGilvery, 1980;
McGilvery et al., 2016). Terrestrial siltstone, coal, and shale of the
Woolsey Member of the Bloyd Formation reflect a subsequent regres-
sion, capped by the upper Morrowan (Bashkirian) Dye Shale and
Kessler Limestone members of the Bloyd Formation (McGilvery, 1980;
McGilvery et al., 2016).

In the Middle Pennsylvanian, continental collison along the south-
ern Laurentian margin, led to development of the Ouachita fold-thrust
belt (Drake et al., 1989; Granath et al., 1989). The stable shelf experi-
enced rapid subsidence to form the Arkoma foreland basin (Fig. 3,
Sutherland, 1988; Houseknecht et al., 2014; McGilvery et al., 2016).
This transition is marked by a shift from tidally-influenced shoreface
sandstones of the lower Atoka Formation to thick, slope channel com-
plexes of the middle Atoka Formation (Coleman, 2000; Graham et al.,
1975, 1976; Houseknecht, 1986). As subsidence diminished in the late
Atokan (early Moscovian), remaining accomodation space was filled by
upward thickening inner shelf to tidal flat and shoreface successions
(Houseknecht, 1986). Foreland basin sedimentation culminated in the
Desmoinesian (middle Moscovian to early Kasimovian) with deposition
of the Hartshorne Formation, a fluvially-dominated deltaic system (Fig.
3, Houseknecht and Kacena, 1983).

2.3. Potential age provinces

The basement geochronology of North America is well established
and can be divided into several major age provinces that are regarded
as ultimate sources of detrital zircon grains (Fig. 1A, Whitmeyer and
Karlstrom, 2007; Park et al., 2010; Gehrels et al., 2011). The age
provinces of the northern Laurentian craton include Archean Superior
and Wyoming provinces (>2500 Ma), the Trans-Hudson collisional
province (2000-1800 Ma), and the Penokean accretionary province
(1900-1800 Ma) along the southern margin of the Superior province
(Hoffman, 1989; Van Schmus et al., 1993; Sims, 1996). Southern Lau-
rentian age provinces include the Yavapai-Mazatzal province
(1800-1600 Ma) and Grenville province (1300-900 Ma) in the south-
west and Granite-Rhyolite province (1550-1300 Ma) in the southeast
(Van Schmus et al., 1993; Whitmeyer and Karlstrom, 2007).

The Appalachian region along the eastern Laurentia margin has long
been considered as a major source of sediments and consists of the
Grenville province (1300-900 Ma), Gondwanan accreted terranes, in-
cluding Pan-African-Brasiliano ages of 530-760 Ma and Eburn-
ian-Trans-Amazonian ages of 1950-2160 Ma (Mueller et al., 2014;
Thomas et al., 2017), Iapetan syn-rift rocks (765-530 Ma; Thomas,
2014) and Taconic-Acadian rocks (500-350 Ma). Thomas et al. (2017)
characterized the detrital-zircon signature of the late Paleozoic Ap-
palachian region as dominated by Grenville grains and significant num-
bers of Taconic-Acadian grains, but generally lacking in grains older
than 1500 Ma.
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3. Samples and methods

Six core samples of Upper Mississippian and Lower Pennsylvanian
sandstones were collected from two boreholes, Cutter KGS #1 and
Hanke A4, located in the axis of a stacked incised valley fill complex in
southwestern Kansas (Fig. 1B). Samples were selected from sand-rich
intervals, with Chesterian (Serpukhovian) samples being well-sorted,
subrounded, fine-grained quartz arenites and Morrowan (Bashkirian)
samples being distinctly coarser and more feldspathic (Fig. 2). In addi-
tion to these samples, nine samples were collected from sand-rich Up-
per Mississippian to Middle Pennsylvanian outcrops in northwestern
Arkansas. The selected lithostratigraphic units are fine- to medium-
grained sandstones that capture the transition from a carbonate shelf in
the Osagean to mixed carbonate-siliclastic system from the Chesterian
through Morrowan (Serpukhovian to Bashkirian), to a clastic-
dominated foreland basin later in the Pennsylvanian (Fig. 3).

Point counting was completed on 19 thin sections following the
Gazzi-Dickinson point counting methods (e.g., Dickinson and Suczek,
1979; Dickinson et al., 1983). Each thin section was stained for calcite.
A minimum of 400 grains were counted for each thin section. Counts
were broken out into 23 different mineral/grain types, including four
quartz varieties (monocrystalline, undulatory, polycrystalline, and
chert), potassium feldspar, plagioclase, and lithic (volcanic, sedimen-
tary, and metamorphic) grains. The data were then normalized and
plotted on QFL, QmFLt, QpLvLs, and QmPK tectonic discrimination dia-
grams (e.g., Dickinson and Suczek, 1979; Dickinson et al., 1983). The
complete list of minerals and grain types counted and components in-
cluded in each plot is included in Supplemental Table 1.

We used standard mineral separation techniques to isolate zircon
and other heavy minerals from the whole-rock samples. This included
use of a jaw crusher and disk mill to crush and pulverize samples, a
Gemeni table and Frantz Isodynamic® magnetic separator to concen-
trate minerals of interest, and heavy liquids (methylene iodide) to iso-
late zircon. Once separated, at least 120 grains per sample were se-
lected from sample splits, under a binocular microscope, and mounted
onto epoxy pucks (25 mm diameter) with double-sided tape (tape
mount) so that grains could be recovered for future analyses.

Detrital zircon dating was performed using laser ablation-
inductively coupled plasma mass spectrometry (LA-ICPMS) at the Uni-
versity of Kansas, Isotope Geochemistry Laboratory using a PhotonMa-
chines Analyte G.2193 nm ArF excimer laser ablation system coupled
with a ThermoFinnigan Element2 ICPMS (inductively coupled plasma
mass spectrometer). The laser was set to 2.0 Jem-2 fluence and 10 Hz
repetition rate resulting in 15 pm pit depth at 20 pm spot diameter. Zir-
con GJ1 with a 2°Pb/238U age of 600.4 + 0.65 Ma and a 608.5 Ma
207ph/206Ph age was used as the primary reference material used to cor-
rect calibration drift and downhole isotopic and elemental fractionation
(Jackson et al., 2004). It was analyzed once for every 5-8 unknowns
throughout each sample run. Single GJ1 analyses typically produced
206ph /238y within 1-2% of the reported calibration age. The PleSovice
and Fish Canyon Tuff zircons were used as secondary, calibration vali-
dation zircon reference materials, with chemical abrasion-thermal ion-
ization mass spectrometry [CA-TIMS] 29Pb/238U ages of
337.13 *= 0.37 Ma (Slama et al., 2008) and 28.402 = 0.023 Ma
(Wotzlaw et al., 2013), respectively. These published ages were repro-
duced to within 2% during the course of this study.

U-Pb data reduction was performed using Iolite 2.5 (Hellstrom et al.,
2008; Paton et al., 2011). All grains with >10% discordance or > 5%
reverse discordance were excluded from our interpretations, as were
grains with >15% analytical error. Zircon grains older than 850 Ma
were assessed by 207Pb/29Pb ages and the discordance was calculated
based on 29Pb/238U and 207Pb/205Pb ages. Zircons grains younger than
850 Ma were assessed by 29°Pb/238U ages and the discordance was cal-
culated based on 29°Pb/238U and 2°7Pb/235U ages. All ages reported use
2c absolute propagated uncertainties.
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To compare the new detrital zircon data with published datasets, we
used several visualization and statistical tools. The age data are pre-
sented as histograms, probability density plots (Ludwig, 2008), kernel
density estimation plots (Vermeesch, 2012; Vermeesch et al., 2016) and
pie charts. Quantitative comparisons of samples were completed
through Kolmogorov-Smirnov (K—S) tests (Press et al., 1986), which
provide a measure of the statistical significance of differences between
age distribution (Guynn and Gehrels, 2006), and cumulative probabil-
ity analysis, which can reveal differences in the proportions of grains
among samples (Gehrels et al., 2011). Multidimensional scaling analy-
sis, a type of principal component analysis, was also used to visually
represent similarities and differences among samples (Vermeesch,
2013; Vermeesch et al., 2016).

4. Results
4.1. Sandstone compositions

Point counting was completed on sixteen samples from the study
area and the data were plotted on a series of ternary diagrams (e.g.,
Dickinson and Suczek, 1979; Dickinson et al., 1983; Garzanti, 2016;
Supplemental Table 1). The samples are dominantly classified as felds-
pathic arenites with one sample a quartz arenite (Fig. 4a). Most of the
samples only contain feldspar and quartz grains, with four samples hav-
ing a significant lithic component. As a result, the samples dominantly
plot in the basement uplift-transitional continental-carton interior
fields, which corresponds to the continental block field of Garzanti
(2016) (Fig. 4b and c). One sample plots in the dissected arc/magmatic
arc field. For samples with lithic grains, nearly all of the grains are vol-
canic (Fig. 4d). Feldspar composition is variable, but in all samples, K-
feldspar is more abundant than plagioclase (Fig. 4e). The largest differ-
entiation is shown on the QmFLt diagram (Fig. 4f). The majority of sam-
ples still plot along the basement/craton side of the diagram, but a few
samples plot in the arc-related and recycled fields (Fig. 4f).

4.2. Detrital zircon geochronology

Of the 2038 detrital zircon grains analyzed from the Kansas and
Arkansas study area, a total of 1544 grains yielded U—PDb ages within
the discordance and error criteria. The full suite of isotopic measure-
ments, U—Pb ages, and statistical analyses are provided in Supplemen-
tal Tables 2 and 3. The detrital zircon age results are plotted as his-
tograms and probability density plots (Ludwig, 2008; Vermeesch,
2012) in Fig. 5, with the ranges of known age provinces highlighted.

Core samples from Kansas yielded a total of 582 grains within dis-
cordance and error criteria. In general, Chesterian (Serpukhovian) sam-
ples contain major groups of Middle to Late Mesoproterozoic
(~1300-900 Ma, Grenville) and Paleozoic (~500-350 Ma, Taconic-
Acadian) ages and minor groups of Late Paleoproterozoic
(~1800-1600 Ma, Yavapai-Mazatzal), Early Mesoproterozoic
(~1550-1300 Ma, Granite-Rhyolite), and Archean (>2500 Ma) ages;
whereas Morrowan (Bashkirian) samples contain larger proportions of
Paleoproterozoic (~1800-1600 Ma) and Early Mesoproterozoic
(~1550-1300 Ma) ages (Fig. 5 and Table 1).

Outcrop samples from northwestern Arkansas yielded a total of 962
grains within discordance and error criteria. The age results, while sim-
ilar to the Kansas Chesterian (Serpukhovian) samples in terms of the
major age groups (~1300-900 and ~ 500-350 Ma), also contained
mainly Late Paleoproterozoic (~1800-1600 Ma) and Early to Middle
Mesoproterozoic (~1550-1300 Ma) ages and minor groups of Neopro-
terozoic to Early Cambrian (650-500 Ma) and Paleoproterozoic and
older grains (>1800 Ma; Fig. 5 and Table 1). The details of the dating
results are described below and summarized in Table 1.
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(@ = 0.197), with two major clusters of 371-501 Ma and
921-1214 Ma ages. Additionally, a single grain with an age of

4.2.1. Southwestern Kansas core samples
4.2.1.1. Upper Mississippian samples. Two samples of fine-grained sand-

stone were collected from the Cutter KGS#1 borehole in the Cutter oil
field, located on the margin of a Chesterian (Serpukhovian) incised val-
ley fill system (Figs. 1 and 2). The Chester 1 sample yields an age range
of 393 to 3674 Ma, dominated by 393-498 Ma and 920-1272 Ma zir-
cons. The Chester 2 sample's age distribution is similar to the Chester 1

273 + 23 Ma, younger than the Late Mississippian age of the unit,
may be the result of well-bore sample contamination, despite rigorous
sample processing. Therefore, this age is not included in our interpreta-
tions.
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Fig. 5. Detrital zircon U—PDb age histogram (100 Ma bins) and PDP plots of core samples from Hugoton Embayment, southwestern Kansas, and outcrop samples
from the Arkoma Shelf, northwestern Arkansas. Diagrams were constructed in Isoplot (Ludwig, 2008).

4.2.1.2. Lower Pennsylvanian samples. The Cutter KGS#1 borehole
also penetrates the axis of a Morrowan (Bashkirian) incised valley fill
system, from which two samples of medium-grained sandstone were
collected and are distinct from the Chesterian (Serpukhovian) in terms
of grain size, angularity, age distributions (Figs. 1 and 2). The Morrow
1 sample yields four major age clusters at 368-503 Ma,
908-1288 Ma, 1306-1543 Ma and 1614-1804 Ma. The Morrow 2
sample is similar (p = 0.406) with four major modes at 324-500 Ma,
904-1271 Ma, 1320-1494 Ma and 1602-1800 Ma.

Morrowan (Bashkirian) strata are well correlated from the Cutter to
the Lahey oil fields (Fig. 2). Two samples of coarse-grained sandstone
were collected from the Hanke A4 borehole in the Lahey field (Fig. 2).
The Hanke 1 sample shows three major age groups of 922-1186 Ma,
1332-1478 Ma and 1638-1790 Ma. The Hanke 2 sample shows similar
age distribution (p = 0.631) yielding three dominant age clusters of
949-1259 Ma, 1310-1548 Ma and 1616-1794 Ma.



W. Wang et al. Palaeogeography, Palaeoclimatology, Palaeoecology xxx (xxxx) 110750
Table 1
U—Pb ages.
SampleName Concordantages 500-350 Ma  900-500 Ma 1300-900 Ma 1550-1300 Ma 1800-1600 Ma >1800 Ma  Other
Southwestern Kansas CHS 1 122 23% 5% 44% 8% 6% 12% 2%
CHS 2 104 34% 6% 42% 10% 4% 5% 0%
MOR 1 87 14% 2% 35% 26% 16% 6% 1%
MOR 1 85 18% 2% 42% 21% 15% 1% 0%
HAN 1 59 12% 2% 15% 37% 24% 9% 2%
HAN 2 126 10% 3% 30% 25% 21% 10% 1%
Northwestern Arkansas 17CHO1 123 20% 2% 44% 11% 17% 4% 2%
17PG01 95 15% 5% 42% 12% 15% 12% 0%
17PG02 112 13% 6% 47% 10% 9% 12% 3%
17BF01 115 18% 4% 46% 10% 6% 12% 4%
17BF02 88 34% 10% 39% 8% 6% 3% 0%
17AF01 89 17% 6% 26% 16% 18% 15% 3%
17AF02 116 17% 6% 35% 13% 16% 12% 2%
17AF03 102 21% 4% 35% 12% 21% 7% 1%
17HFO01 122 12% 3% 53% 12% 10% 12% 0%

4.2.2. Northwestern Arkansas outcrop samples

4.2.2.1. Lower Pennsylvanian sandstones. Five samples of Lower Penn-
sylvanian (Morrowan; Bashkirian) sandstones were analyzed (Fig. 3).
A sample of fine-grained sandstone from the Lower Pennsylvanian
Cane Hill Member of the Hale Formation (17CHO1) yields ages rang-
ing from 403 to 2698 Ma, with two major age clusters of 403-500 Ma
and 905-1327 Ma, and other minor age groups. Two samples of the
Prairie Grove Member of the Hale Formation, a hybrid sandstone with
approximately equal amounts of quartz sand and carbonate grains,
also has similar age distributions. The 17PGO01 sample yielded ages
ranging from 411 to 3200 Ma and 17PGO2 ranged from 400 to
2831 Ma, with 900-1300 Ma and 400-500 Ma age accounting for
57% and 60% of the ages, respectively. Two samples of the Brent-
wood Member of the Boyd Formation, also a hybrid sandstone, were
also analyzed (17BF01 and 17BF02), yielding ages ranging from 381
to 2790 Ma and 352-2868 Ma, respectiviely, and dominated by
900-1300 Ma and 350-500 Ma ages.

4.2.2.2. Middle Pennsylvanian (lower Atokan) sandstones. Two samples
of fine-grained sandstone were collected from shoreface exposures of
the Cecil Spiro Member of the lower Atoka Formation (Fig. 3). Sam-
ple 17AF01 ranges from 302 to 2770 Ma and is similar (p = 0.679)
to sample 17AF02, which ranges from 400 to 2968 Ma. Both samples
have major 900-1300 Ma and 300-500 Ma age groups that account
for 43% and 52% of the ages, respectively.

4.2.2.3. Middle Pennsylvanian (upper Atokan and Desmoinesian) sand-
stones. Two samples were collected from the Middle Pennsylvanian
foreland basin fill succession for comparison (Fig. 3). The 17AF03 sam-
ple was collected from the lower Alma-Carpenter sandstones, inter-
preted as an east-west strike-fed marginal marine system that was
much larger scale than in the lower Atokan (McGilvery et al., 2016).
The sample is similar (p = 0.826 and 0.971) to the lower Atokan sam-
ples, with age clusters of 420-487 Ma and 919-1298 Ma accounting
for more than half the data. Sample 17HFO01, collected from deltaic
sandstones of the Desmoinesian Hartshorne Formation, contains zir-
cons ranging from 401 to 2720 Ma and contained similar age groups,
but with a larger proportion of 900-1300 Ma ages (53% of total).

5. Discussion
5.1. Sandstone provenance

The detrital zircon geochronology data indicate that Chesterian
(Serpukhovian) incised valley fill sandstones in southwestern Kansas

are distinct from their Morrowan (Bashkirian) counterparts (Fig. 5).
The two Chesterian (Serpukhovian) samples are characterized by domi-

nant clusters of Taconic-Acadian (500-350 Ma) and Grenville
(1300-900 Ma) grains, accounting for 66%-77% of the analyzed
grains, and smaller proportions of Granite-Rhyolite (1550-1300 Ma;
9%) and Yavapai-Mazatzal (1800-1600 Ma; 4%-6%) grains. These re-
sults are similar to published data from elsewhere along the incised val-
ley fill system (Wang and Bidgoli, 2019) and suggest distant and possi-
bly recycled sediment sources (Fig. 6B). Both the Grenville and
Taconic-Acadian orogenies are represented in the Appalachian region,
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Fig. 6. (A) Multidimensional scaling (Vermeesch, 2013) relationships of detri-
tal zircon U—Pb ages from Chesterian (Serpukhovian) and Morrowan
(Bashkirian) incised valley fill sandstones in southwestern Kansas. (B) Kernel
density estimation plots (Vermeesch, 2012; Vermeesch et al., 2016) of detrital
zircon U—PDb ages of these same samples and the composite signature of late
Paleozoic Appalachian Appalachian foreland basin (from Thomas et al., 2017
and references therein). Data are discretized at a fixed interval (50 Ma).



W. Wang et al.

and comparison of the Chesterian incised valley fill samples with pub-
lished data from synorogenic clastic wedge sediments of the Ap-
palachian foreland basin suggest a high degree of similarity (Fig. 6;
Thomas et al., 2017 and references therein). In contrast, samples from
the Morrowan (Bashkirian) incised valley fill system are characterized
by significantly larger proportions of Granite-Rhyolite (21%-37%) and
Yavapai-Mazatzal (15%-22%) grains, components of the local base-
ment. This change in the age distributions is also reflected in the multi-
dimenionsional scaling plot (Fig. 6A), which shows that Chesterian
(Serpukhovian) and Morrowan (Bashkirian) samples form separate and
distinct groups. Petrographic data from the southwestern Kansas sam-
ples also show distinct differences, with Morrowan (Bashkirian) sam-
ples having an increase in volcanic lithic, total lithic, and plagioclase
grain concentrations, suggesting additional igneous sources (Fig. 4).
Together, these observations suggest an important change in prove-
nance in the Early Pennsylvanian, from a major extraregional Ap-
palachian source to more influence of local sediment sources.

A strong Appalachian signature is also recognized for Lower to Mid-
dle Pennsylvanian samples from the Arkoma Shelf in northwestern
Arkansas (Fig. 7). These units record a transition from a carbonate-
dominated passive continental margin to thick clastic deposits tied to
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and published (Xie et al., 2016, 2018; Wang and Bidgoli, 2019) detrital zir-
con U—PDb ages from outcrops samples in northwestern Arkansas. Data are dis-
cretized at a fixed interval (50 Ma).
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the subsidence of the Arkoma foreland basin (Sutherland, 1988;
McGilvery et al.,, 2016). Detrital zircon data from the Morrowan
(Bashkirian) Hale and Bloyd formations, which record mixed clas-
tic-carbonate deposition, are dominated by Grenville (1300-900 Ma;
41-47%) and prominent clusters of Taconic-Acadian (500-350 Ma;
13-20%) ages (Fig. 5). In addition, these samples contain variable pro-
portions of Yavapai-Mazatzal grains (6%-16%) that may reflect the in-
fluence of local uplifts (Xie et al., 2016, 2018) or recycling from Iapetan
syn-rift or passive margin successions of Appalachian region (Thomas et
al., 2017). The Lower Atokan shoreface sandstones of the Cecil Spiro
Member also have similar age distributions but with slightly larger
Yavapai-Mazatzal grain fractions (16-18%) (Fig. 5). The Upper Atokan
Alma-Carpenter sandstones, a succession of foreland basin fill, contains
even larger numbers of Yavapai-Mazatzal zircons (21%), while these
ages only account for 10% of the ages in the Desmoinesian Hartshorne
Formation (Sample 17HFO01) (Fig. 5).

Published age distributions for the Upper Mississippian Batesville
and Wedington sandstones in northwestern Arkansas are similar to
U—Pb age distributions of our Lower to Middle Pennsylvanian shelf
and foreland basin samples, with a dominant Appalachian signature
and subordinate contributions from Yavapai-Mazatzal and Archean age
provinces (Xie et al., 2016; Wang and Bidgoli, 2019; Fig. 7). The simi-
larity in the age distributions of Upper Mississippian through Middle
Pennsylvanian units makes it difficult to differentiate the samples
through multidimensional scaling analysis and suggests a continuous
Appalachian provenance for much of the Carboniferous. This similarity
carries over to the petrographic data, which are relatively consistent for
all of the Arkoma Shelf samples (Fig. 4). It is also worth noting that the
study by Xie et al. (2016), conducted on the Wedington sandstone, as
well as another on the Morrowan (Bashkirian) Middle Bloyd sandstone
(Xie et al., 2018), sampled a more extensive area and reported smaller
percentages of Taconic-Acadian grains (Figs. 3 and 7). The larger per-
centages of Taconic-Acadian grains observed in our samples may reflect
the limited sampling of these units in this study. However, large num-
bers of Taconic-Acadian grains are also recognized in both the Lower
Pennsylvanian Mauch Chunk-Pottsville clastic wedge and longitudinal
drainage system of Appalachian foreland basin (Becker et al., 2005;
Thomas et al., 2017) and the Illinois Basin (Kissock et al., 2018). Thus,
the large concentration of the Taconic-Acadian grains in our samples
may be hinting at recycling of the Appalachian foreland basin sedi-
ments and/or contributions from the longitudinal system (Becker et al.,
2005; Thomas et al., 2017; Kissock et al., 2018).

5.2. Provenance evolution from late Mississippian to early Pennsylvanian

Gehrels et al. (2011) suggested that beginning in the Late Missis-
sippian, sediments from the Appalachian region propagated to the
Laurentian interior, as far west as the Grand Canyon in Arizona, via a
transcontinental sediment dispersal system. This model is corrobo-
rated by detrital zircon ages from Upper Mississippian through Middle
Pennsylvanian sandstones in northwestern Arkansas and the Upper
Mississippian incised valley fill system in the southwestern Kansas,
which are located along the proposed transport path and have age sig-
natures that mirror those of the Appalachian foreland basin (Wang
and Bidgoli, 2019; Figs. 6 and 7). However, by the Early Pennsylvan-
ian, a significant change in provenance occurs in samples from the
Hugoton Embayment, with large numbers of Granite-Rhyloite and
Yavapai-Mazatzal grains replacing Appalachian sourced grains (Figs.
3, 6 and 7). The petrographic data are broadly complementary with
the detrital zircon data. They display similar mineralogical assem-
blages in the samples from Arkansas and the Upper Mississippian sam-
ples from Kansas. However, the Lower Pennsylvanian samples from
Kansas show a clear influx of igneous detritus that is not observed
elsewhere.
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The change in provenance observed in our Hugoton Embayment
samples is even more pronounced farther west (Figs. 8 and 9). In north-
ern Colorado, alluvial fan and fluvial deposits of the Lower Pennsylvan-
ian Fountain Formation, deposited on the flanks of the ancestral Front
Range, are characterized by a prominent Yavapai-Mazatzal peak and a
major Granite-Rhyolite age group, accounting for 71% of the concor-
dant ages; whereas the Grenville (1026-1293 Ma) only makes up 21%
of the ages and Taconic-Acadian ages are absent (Siddoway and
Gehrels, 2014). The age distribution suggests any influence from Ap-
palachian sediment sources was greatly diminished in the Pennsylvan-
ian. However, the age distribution of the Upper Pennsylvanian Ingle-
side Formation is more complicated, with larger numbers of Grenville
(33%) and Taconic-Acadian grains (8%) in addition to Yavapai-
Mazatzal (24%) and Granite-Rhyolite (9%) grains (Nair et al., 2018),
and may reflect complications in sediment routing, decreasing influ-
ence of proximal uplifts as sediment sources, and/or increasing influ-
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ence of west-directed aeolian transport (e.g., Soreghan et al., 2008; Sur
et al., 2010; Lawton et al., 2021; Figs. 8 and 9). In southwestern Col-
orado, in the Paradox Basin on the western margin of Uncompahgre up-
lift, the Lower Pennsylvanian Molas Formation contains silt-sized aeo-
lian sediments dominated by an Appalachian age signature (Evans and
Soreghan, 2015; Nair et al., 2018); whereas, the age pattern of the over-
lying Lower Pennsylvanian Hermosa Formation is dominated by Yava-
pai-Mazatzal and Granite-Rhyolite ages that account for 58% of the
grains (Figs. 8 and 9, Nair et al., 2018).

Similar changes are also documented in the Grand Canyon, where
the Grenville and Taconic-Acadian grains make up more than 50% of
the ages in Upper Mississippian samples, whereas Granite-Rhyolite and
Yavapai-Mazatzal grains account for 30%. In contrast, the Appalachian
signature is greatly reduced in Lower Pennsylvanian samples (27%
Grenville and 4% Taconic-Acadian grains) and replaced with Yavapai-
Mazatzal (31%) and Archean (25%) grains (Figs. 8 and 9).
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Fig. 8. Comparison of detrital zircon U—Pb age spectra of samples from the Appalachian Foreland basin (AFB), Michigan Basin (MB), Illinois Basin (IB), Forest City
Basin (FCB), Akoma Shelf in northwestern Arkansas (NW AR), Hugoton Embayment (HE) in southwestern Kansas (SW KS), northern (N CO) and southwestern Col-
orado (SW CO), and Grand Canyon (GC). Data are discretized at a fixed interval (50 Ma). Other abbreviations: ARM = Ancestral Rocky Mountains; NR = Nemaha
Ridge; OD =Ozark Dome; FR = Front Range; AW = Amarillo-Wichita Uplift; Un = Uncompahgre Uplift; CB = Central Basin platform; Pd = Pedernal; Pi = Piute;
ZD = Zuni Defiance. The red dotted line represents the Appalachian-Ouachita-Marathon orogenic belt. Base map is modified from Dickinson and Lawton (2003).
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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The data from this and other studies (e.g., Gehrels et al., 2011;
Siddoway and Gehrels, 2014; Nair et al., 2018; Leary et al., 2020) sug-
gest that the introduction of Granite-Rhyolite and Yavapai-Mazatzal
age components, as recorded in age distributions of sandstones across
western Laurentia, likely signals the onset of the Ancestral Rocky
Mountains orogeny in the Early Pennsylvanian. An Early Pennsylvanian
onset is also corroborated by recent investigations by Sweet and others
(2021), who explored the subsidence history of eight ARM basins, in-
cluding major basins such as Anadarko, Denver, Midland, and Paradox

12

basins, among others. These authors found that all of these ARM basins
have a consistent and relatively narrow timing of initiation in late Mor-
rowan to early Atokan (Bashkirian). The timing implies a lag of approx-
imately 5 Myr between the signal of collision on the margin and that of
ARM-related deformation in the interior.

In contrast, the Arkoma Shelf and foreland basin maintain a fairly
consistent Appalachian age signature from the Late Mississippian
through Middle Pennsylvanian, a pattern that is similar to that of the
Appalachian foreland basin and other basins in eastern Laurentia (Figs.



W. Wang et al.

7 and 8). The Appalachian foreland basin, which is made of up two re-
gional transverse clastic wedges (the Mauch Chunk-Pottsville in the
north and Pennington-Lee in the south) and a major longitudinal sys-
tem, has a fairly consistent age signature from the Late Mississippian to
Pennsylvanian (Park et al., 2010; Grimm et al., 2013; Thomas et al.,
2017; Kissock et al., 2018). These transverse and longtidunal systems
are characterized by a dominance of Grenville-ages and strong Taconic-
Acadian age components. The minor spatial and temporal differences in
age signatures that do exist are mainly reflected in the relative propor-
tions of Taconic-Acadian, Yavapai-Mazatzal, and Archean age popula-
tions (Fig. 8; Park et al., 2010; Thomas et al., 2017).

Likewise, late Paleozoic sandstones from the Michigan and Illinois
basins also suggest a persistent Appalachian signature (Rothschild et
al., 2016; Kissock et al., 2018; Thomas et al., 2020). Mississippian to
Lower Pennsylvanian strata from the Michigan Basin, west of the Ap-
palachian foreland, are dominated by Grenville and Taconic-Acadian
zircons. Subtle shifts in provenance are expressed as minor variations in
the Yavapai-Mazatzal and Archean age components and may reflect the
relative influences of local erosion and recycling of zircons versus re-
gional sediments from the Appalachian orogen that periodically over-
filled the foreland to reach the basin (Figs. 8 and 9). Upper Mississip-
pian to Upper Pennsylvanian strata from the Illinois Basin also preserve
dominantly Grenville and Taconic-Acadian age components, and like
the Michigan Basin, samples contain small variations in the minor age
groups. The variations are interpreted to be a consequence of recycling
of underlying Mississippian strata that contain a larger Midcontinent
age population (1750-1300 Ma) and sediments derived from exhumed
sources in the New England region that are characterized by prominent
Neoproterozoic age clusters (750-530 Ma) (Fig. 8; Rothschild et al.,
2016; Kissock et al., 2018; Thomas et al., 2018).

5.3. Tectonic configuration and influence on sediment dispersal

The Appalachian orogenic series that culminated in the Alleghanian
orogeny in the Late Mississippian, continued into the Pennsylvanian
and was followed by the formation of the Pangean supercontinent
(Hatcher Jr et al., 1989). The collision exposed basement and earlier
orogenic foreland basin strata, with zircons dominated by Grenville and
Taconic-Acadian ages (Thomas et al., 2017). Detrital zircon data from
Mississippian (Chesterian; Serpukhovian) units in this study and age
equivalent sandstones (e.g., from the Michigan and Illinois basins) sug-
gest that the transition to this Appalachian signature was roughly syn-
chronous across much of Laurentia and tied this orogenesis along the
eastern margin of the continent (Fig. 8; Thomas et al., 2017; Wang and
Bidgoli, 2019; Chapman and Laskowski, 2019). Although the relative
roles of rivers, wind, and ocean currents in the transport of these sedi-
ments are debated (e.g., Chapman and Laskowski, 2019, Lawton et al.,
2021), the consistency in age signatures across Laurentia in Chesterian
(Serpukhovian) time suggests that away from the plate margin, relative
steady conditions, inherited from the Early-Middle Mississippian, pre-
vailed. Though deformation was occuring within orogenic belts along
the margin, elsewhere in Laurentia, this tectonic quiescence meant
there were few topographic barriers to overall east-west-transport of
Appalanchian sourced sediments.

However, by the Early Pennsylvanian, the Hugoton Embayment and
regions farther west experienced an important change in provenance
that is likely related to the development of the ARM (Figs. 8 and 9). Al-
though a clear record of ARM deformation is documented by Pennsyl-
vanian to lower Permian strata on the margins of major uplifts in Col-
orado (ancestral Front Range and Uncompaghre) and Oklahoma (Wi-
chita uplift) and the role of the ARM on midcontinental sedimentation
patterns and provenance is well explored (e.g., Sweet and Soreghan,
2010; Leary et al., 2020; Sweet et al., 2021), the eastern limit of ARM
influence and its relation with the transcontinental sediment dispersal
pattern is poorly defined. The obvious increasing percentages of Yava-
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pai-Mazatzal and Granite-Rhyolite grains from Chesterian (Serpukhov-
ian) to Morrowan (Bashkirian) in the Hugoton Embayment suggest ex-
humation of relevant basement in Early Pennsylvanian time and is con-
sistent with early onset of the ARM orogeny (e.g. Sweet et al., 2021).
The new data from this study also suggests that the development of
these topographic highs (and basins) within the Laurentian interior al-
tered the provenance of sediments 100 s of kilometers from these up-
lifts, with ARM-derived detritus reaching as far east as southwestern
Kansas.

While the Hugoton Embayment dataset shows that ARM-derived de-
tritus could reach as far east as southwestern Kansas, it has been diffi-
cult to establish the eastern terminus of ARM sedimentary influence.
Part of the challenge is that most of the late Paleozoic strata in the mid-
continent, in states like Kansas and Oklahoma, is not exposed at the sur-
face and only a limited number of detrital zircon studies have included
subsurface core samples from this region (e.g., Kissock et al., 2018;
Thomas et al., 2020). The role of the temporally related, but buried
ARM structures is also not clear. For example, the Nemaha Ridge (also
called the Nemaha uplift), the easternmost expression of ARM deforma-
tion, has been suggested as a possible source of first-cycle and recycled
zircons in midcontinent sandstones (Kissock et al., 2018; Xie et al.,
2018; Thomas et al., 2020). The Nemaha Ridge extends ~650 km
across the midcontinent, from northeastern Nebraska to central Okla-
homa (Merriam, 1963; Dolton and Finn, 1989; Gay Jr, 2003a; Burberry
et al., 2015). Subsurface investigations indicate erosion of Precambrian
through Mississippian strata in the Early Pennsylvanian and subsequent
burial of the high by the Middle to Late Pennsylvanian (Dolton and
Finn, 1989; Steeples 1989; Woelk and Hinze 1995). Xie and other
(2018) have suggested the ridge as a probable source of sediments for
the Lower Pennsylvanian Middle Bloyd sandstone of the Arkoma Basin
based on enrichment of Yavapai-Mazatzal age components. While it is
possible that erosion of this structural high served as a source of sedi-
ments, the uniformity in Yavapai-Mazatzal (and Granite-Rhyolite) age
components in the Upper Mississippian through Middle Pennsylvanian
samples from the Arkoma Shelf casts doubt on this hypothesis. Like-
wise, the relative uniformity of age signatures from this region and the
similiarity in proportions of these age groups with samples of the Ap-
palachian foreland and other nearby basins, suggests a dominantly Ap-
palachian source for the the zircons. Thus, the data from this study sug-
gest that, at least for the Arkoma Shelf and basins in eastern Laurentia,
the Nemaha Ridge likely exterted limited influence (at least in any sub-
stantial volume) on provenace and routing of Carboniferous sediments
in midcontinent.

6. Conclusions

In this study, we report 1544 new concordant detrital zircon U—Pb
ages from Upper Mississippian through Middle Pennsylvanian sand-
stones collected from cores in southwestern Kansas and from outcrops
in northwestern Arkansas. Based on the new data and comparisons with
published detrital zircon data from age-equivalent Paleozoic sandstones
across Laurentia, we draw several key conclusions:

(1) Detrital zircons from Upper Mississippian samples in the
Hugoton Embayment in southwestern Kansas contain two distinct
Middle to Late Paleoproterozoic (1300-900 Ma) and Paleozoic
(500-350 Ma) age clusters that correspond to a dominant source
in the Appalachian region. However, Yavapai-Mazatzal
(1600-1800 Ma) and Granite-Rhyolite (1300-1550 Ma) grains,
major components of the local basement, partially replace this

sediment source in the Lower Pennsylvanian (Morrow
(Bashkirian) samples.

(2) Detrital zircons from Upper Mississippian to Middle
Pennsylvanian sandstones from the Arkoma Shelf in

northwestern Arkansas also show distinct Middle to Late
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Paleoproterozoic (1300-900 Ma) and Paleozoic (500-350 Ma)
age clusters, consistent with a persistent major source in the
Appalachians for much of the Carboniferous.

(3) The new and published data from across Laurentia confirm that
in the Late Mississippian, deformation along the eastern margin
of Laurentia tied to the Alleghanian orogeny established
continental-scale sediment dispersal systems, delivering
sediments with a relatively uniform and strong Appalachian
signature as far west as the Grand Canyon in Arizona. However,
by the Early Pennsylvanian, long-distance sediment dispersal was
disrupted by the ARM uplifts. Although the Arkoma Shelf
continued to receive Appalachian sourced sediments,
transcontinental sediment distributions systems farther west were
more complicated and were dominated by erosion and recycling
of these basement uplifts.
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