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ABSTRACT

Detrital zircon U-Pb and trace element data provide new information on 
the provenance of Permian–Triassic foreland basin deposits of the Gond
wanide orogen that belong to the Beacon Supergroup in Antarctica. Zircon 
U/Th ratios primarily point to dominantly igneous parent rocks with subordi-
nate contributions from metamorphic sources. All three samples (two Permian 
and one Triassic) analyzed in this study yielded 1200–1000 Ma and 635–490 Ma 
zircon U-Pb age populations. The Triassic sample also yielded younger 367 Ma 
and 238 Ma age peaks. The combination of age and trace element proxies 
for rock type provides important new evidence in support of the common 
assertion that granitoid parent rocks of the Terra Australis and Gondwanide 
orogens served as a major source for the siliciclastic sediments. The results 
also point to smaller, but significant, contributions from Triassic (236 Ma) and 
Cambrian (539  Ma) mafic rocks and Ediacaran (ca. 559  Ma) alkaline source 
rocks from these regions.

INTRODUCTION

Mountain building associated with the construction of the Permian–Triassic 
Gondwanide orogenic belt (Fig. 1A) commenced during a period of plate kine-
matic changes associated with collisional tectonism involved in the assembly 
of the Pangea supercontinent (Cawood, 2005; Boger, 2011). Foreland basin sedi
mentary rocks deposited during Gondwanide deformation within the Beacon 
Supergroup (Collinson et al., 1994) are of widespread interest because of their 
significance for understanding the tectonic and volcanic processes (Collinson 
et al., 1994; Elliot, 2013; Elliot et al., 2017) operating around the time interval 
of supercontinent assembly, which was also marked by significant extinctions 
in Earth’s geologic record at the Permian-Triassic boundary (Retallack et al., 
2006; Elliot et al., 2017). They are also of interest because of their potential for 
providing information about the ages and rock types that occur within present 
ice-covered geologic provinces of East and West Antarctica (Elliot et al., 2015). 
On a regional scale, the Gondwanide orogenic belt developed in an outboard 
position with respect to an older (550–300 Ma) subduction-related accretionary 

belt found along the Gondwana paleo-Pacific margin known as the Terra Aus-
tralis orogen (Cawood, 2005; Boger, 2011). Rocks of the Ross orogenic belt sec-
tor of the Terra Australis orogen in Antarctica (Fig. 1B) are currently exposed 
beneath the Kukri erosion surface (Isbell, 1999), a major angular unconformity 
that separates them from unmetamorphosed Devonian–Jurassic sedimentary 
rocks of the Beacon Supergroup that are above the unconformity in the Trans
antarctic Mountains (Fig. 2) (Barrett, 1991).

Sedimentary rocks of the Beacon Supergroup have been the subject of 
field, paleontological, petrographic, and isotopic studies (Barrett, 1991; Elliot 
and Fanning, 2008; Goodge and Fanning, 2010; Elsner et al., 2013; Elliot et al., 
2015, 2017). Detrital zircon analyses of Permian–Triassic sandstones of this se-
quence have yielded Archean to Neoproterozoic (2500–900 Ma) age popula-
tions, as well as ca. 1000 Ma, 700–500 Ma, 375 Ma, and 260–200 Ma zircon age 
populations (Elliot and Fanning, 2008; Goodge and Fanning, 2010; Elsner et al., 
2013; Elliot et al., 2015, 2017). These studies have provided important insight 
into the ages of continental crust in East and West Antarctica, but geochrono-
logic studies of Permian–Triassic sandstones of the Beacon Supergroup have 
largely only been conducted on a reconnaissance basis throughout large sec-
tors of the Transantarctic Mountains (Fig. 3).

A particularly vexing problem facing provenance studies is the difficulty 
of linking the zircon age populations to parent rock types because of the chal-
lenges presented by the extensive ice cover within Antarctica. Therefore, the 
correlation of detrital zircon age populations with trace element proxies that 
can be used to determine parent rock types (Belousova et al., 2002) has the 
potential to lend greater insight into the evolution of continental crust in Ant-
arctica (Veevers et al., 2006; Veevers, 2007). For example, this type of data has 
the potential to identify the source rock types that contributed to 700–500 Ma 
zircons that are found within the Beacon Supergroup. Some of these zircons 
could be attributed to the erosion of Neoproterozoic–Ordovician (565–480 Ma) 
Granite Harbour intrusive rocks belonging to the late Neoproterozoic–early 
Paleozoic Ross orogenic belt. It also remains unclear whether these depos-
its include contributions from alkaline rocks similar in age to those found in 
the ca. 550 Ma Koettlitz Glacier alkaline province in the south Victoria Land 
region. There is also the potential to identify the source rock types that con-
tributed to the introduction of volcaniclastic sediments that are associated 
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with a major change in paleoflow directed toward the East Antarctic craton in 
Late Permian and Triassic sections of the Beacon Supergroup (Figs. 1A and 2) 
(Collinson et al., 1994). Devonian and Permian–Triassic zircon populations are 
found within these sections of the Beacon Supergroup and have logically been 
attributed to the erosion of Devonian and Permian–Triassic granitoids (e.g., 
Pankhurst et al., 1998; Mukasa and Dalziel, 2000; Yakymchuk et al., 2015) found 
in outboard localities (away from East Antarctica). However, it remains unclear 
whether these zircon age populations also record contributions from mafic 
and alkaline igneous rocks, which represent possible products of active back-
arc volcanism that has been previously postulated for the margin (Fig. 1A) 
(Elliot et al., 2016a, 2016b, 2017; McKay et al., 2016). Despite the potential for 
providing us with crucial, and otherwise unobtainable, information regarding 
source rock types, to date, trace element analyses (other than U, Pb, Th) of 
detrital zircons from these Permian–Triassic siliciclastic rock packages have yet 
to be obtained for the Transantarctic Mountains.

The intent of this research note is to present new detrital zircon U-Pb age 
(n = 3 samples) and trace element data (n = 1 sample) from these poorly stud-
ied Permian–Triassic stratigraphic packages that crop out in the Queen Maud 
Mountains and south Victoria Land sectors of the Transantarctic Mountains to 
better constrain their provenance (Fig. 3).

METHODS

Heavy mineral concentrates were isolated from the <350 µm fraction of 
samples PRR10991, PRR38521, and PRR33328. The rock samples were dis-
aggregated using electric- pulse disaggregator followed by traditional mag-
netic and heavy liquid techniques at ZirChron LLC (Tucson, Arizona). Zircons 
from the nonmagnetic fraction were hand-picked under the microscope and 
mounted in a 1-inch-diameter epoxy puck and polished using standard labora
tory procedures.

After cathodoluminescence imaging, laser ablation–inductively coupled 
plasma–mass spectrometry (LA-ICP-MS) U-Pb analyses were conducted on 
samples PRR10991 (Queen Maud Mountains) and PRR33328 (south Victoria 
Land) using a New Wave Nd:YAG UV 213 nm laser coupled to a Thermo Finni

gan Element 2 single collector, double-focusing, magnetic sector ICP-MS. Op-
erating procedures and parameters are similar to those of Chang et al. (2006). 
Laser spot size and repetition rate were 30 µm and 10 Hz, respectively. He and 
Ar carrier gases delivered the sample aerosol to the plasma. Each analysis 
consists of a short blank analysis followed by 250 sweeps through masses 202, 
204, 206, 207, 208, 232, 235, and 238, taking ~30 s. Time-independent fraction-
ation was corrected by normalizing U/Pb and Pb/Pb ratios of the unknowns to 
the zircon standards (Chang et al., 2006). U and Th concentration were moni-
tored by comparison to the 91500 zircon standard. Two zircon standards were 
used: Plesovice, with an age of 338 Ma (Sláma et al., 2008), and FC-1, with 
an age of 1099 Ma (Paces and Miller, 1993). U-Pb ages were calculated using 
Isoplot (Ludwig, 2003).
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Figure 1. (A) Permian–Triassic Gondwana reconstruction showing the distribution of Permian–
Triassic strata of the Beacon Supergroup with respect to the trace of the Gondwanide deforma-
tion front and Permian–Triassic plutonic and metamorphic rocks located in the orogenic hinter
land. AP—Antarctic Peninsula, CR—Chatham Rise, CP—Campbell Plateau, CHP—Challenger 
Plateau, CTAM—central Transantarctic Mountains, LHR—Lord Howe Rise, MBL—Marie Byrd 
Land, NVL—north Victoria Land, NZ—New Zealand, QMM—Queen Maud Mountains, SVL—
south Victoria Land, TI—Thurston Island. (B) Gondwana reconstruction (Cambrian–Ordovician) 
showing the major cratons and mobile belts surrounding the East Antarctica interior. The Bea-
con Supergroup is exposed above the eroded Ross orogenic belt in the Transantarctic Mountain 
rift flank uplift, which separates rocks belonging to the East Antarctic craton from outboard rock 
assemblages of West Antarctica (Fig. 3). White circles show approximate locations of sample 
sites. Figures modified from Goodge et al. (2004) and Elliot (2013).
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U-Pb geochronology of zircons from sample PRR38521 was conducted 
by LA-ICP-MS at the Institute of Geochemistry and Petrology (ETH Zürich, 
Switzerland). The analyses involve ablation of zircon with a 193 nm ASI Reso
lution 155 ArF excimer laser using a spot diameter of 29 µm, under a 100% 
He atmosphere. The ablated material is carried by an He-Ar mixture to the 
plasma source of a Thermo Element XR magnetic sector ICP-MS equipped 
with a triple detector (pulse counter, analogue and Faraday cup). Masses 202, 
204, 206, 207, 208, 232, 235, and 238 were measured, although only measure-
ments where all isotopes were detected in pulse counting mode were used 
(<5 Mcps). Analyses were obtained using 2.0 J cm–2 energy density set at 5 Hz 
for 30 s total ablation time and a total gas blank/background measurement 
time of 17 s. Data were collected in runs of 30 samples bracketed before and 
after by 3 analyses of the primary zircon reference material GJ-1 (Jackson 

et al., 2004) as well as secondary reference zircons 91500 (Wiedenbeck et al., 
1995), Plesovice (Sláma et al., 2008), and Temora 2 (Black et al., 2004). Data 
handling and reduction were performed with Iolite v2.5 (Paton et al., 2011) 
and VizualAge (Petrus and Kamber, 2012), respectively, producing ages and 
isotope ratios corrected for mass bias, instrumental drift, and downhole frac-
tionation using primary reference material. Downhole fractionation (Paton 
et al., 2011) was generally very similar between primary and secondary zircon 
reference materials, as well as samples.

For each analysis, the errors in determining 206Pb/238U result in a measure-
ment error of ~1%–2% (2σ) in the 206Pb/238U age. The errors in measurement 
of 206Pb/207Pb also result in ~1%–2% (2σ) uncertainty in the 206Pb/207Pb age for 
grains that are older than 1000 Ma, but are substantially larger (1%–5%) for 
younger grains due to low intensity of the 207Pb signal. Interpreted ages are 
based on 206Pb/238U for grains younger than 1000  Ma and on 206Pb/207Pb for 
grains older than 1000 Ma. This division at 1000 Ma results from the increas-
ing uncertainty of 206Pb/238U dates and the decreasing uncertainty of 206Pb/207Pb 
dates as a function of increasing age.

Common Pb correction was not applied en masse, but common Pb was 
avoided in two ways: (1) integration windows for age and isotopic ratio deter-
mination in Iolite v2.5 (Paton et al., 2011) were selected only where the 204Pb 
concentration was observed to be minimal to nonexistent; (2) the Iolite live 
concordia feature was used to visualize the data in real time, whereby integra-
tion windows were set in such a way as to avoid extremely discordant values.

The analytical data are reported in the Supplemental Tables1. Uncertain-
ties shown in these tables are at the 2σ level, and include only measurement 
errors. The procedure of Spencer et  al. (2016) was followed for calculating 
uncertainty propagation. Analyses are filtered for >15% discordance (by com-
parison of 206Pb/238U and 206Pb/207Pb ages) or >5% reverse discordance and are 
shown in italics in the Supplemental Tables (see footnote 1).

Trace elements were also measured using the same grain mount for sample 
PRR38521 and the same LA-ICP-MS instrument in an effort to determine the 
source rock provenance of the igneous zircons. Laser spots typically reoccupied 
the same spot location for U-Pb age analyses. A typical analysis consisted of 
5 cleaning pulses, followed by 17 s of washout, 22 s of gas blank, 40 s ablation 
time, and 5 s of waiting time before moving the stage. Two standards (either 
NIST610 or NIST612 synthetic glass standards) were dispersed every 30 analy-
ses and used for drift correction. Zircon reference material 91500 was analyzed 
once in every block of samples as a secondary reference material. Drift correc-
tion and data reduction were carried out with the MATLAB-based SILLS soft-
ware (Guillong et al., 2008), and trace element concentrations were normalized 
to a Si value of 1,51,682 ppm (equivalent to the Si content in a grain that is 99% 
ZrSiO4). Individual spot analysis error is difficult to quantify, but long-term lab-
oratory reproducibility of homogeneous glass standards indicates a precision 
better than 5 relative percent for elements with concentrations greater than 
the lower limit of detection. Relative error increases for elements with concen-
trations near the lower limit of detection. The trace element analytical data are 
reported in the Supplemental Tables (footnote 1).
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tions; Carbonif.—Carboniferous.Supplementary Table 1. Zircon U-Pb geochronologic analyses for sample PRR10991 by Laser-Ablation Multicollector ICP Mass Spectrometry

Dept of  the Environment,  Washington State Univer
Sample 207Pb/235U 2s Abs Error 206Pb/238U 2s Abs Error Corr. Coef. 206Pb/238U 2s Abs Error 207Pb/206Pb 2s Abs Error
Name U ppm U/Th

PRR10991_76 428 1.0 2.00120 0.16901 0.13477 0.00744 0.881 7.4200 0.4095 0.1079 0.0048
PRR10991_60 284 2.1 1.21023 0.17382 0.10776 0.00921 0.772 9.2797 0.7933 0.0816 0.0077
PRR10991_33 298 0.5 0.88586 0.14918 0.09203 0.01349 0.927 10.8665 1.5929 0.0700 0.0045
PRR10991_27 2277 0.2 1.22243 0.15392 0.11469 0.00943 0.813 8.7189 0.7167 0.0775 0.0059
PRR10991_4 1448 0.4 3.88543 0.35935 0.22386 0.01597 0.921 4.4671 0.3187 0.1262 0.0049
PRR10991_81 704 0.8 1.00468 0.08300 0.10242 0.00544 0.882 9.7633 0.5183 0.0713 0.0031
PRR10991_75 350 2.7 0.93616 0.11360 0.09762 0.00898 0.876 10.2435 0.9420 0.0697 0.0042
PRR10991_15 266 1.4 1.07971 0.09281 0.10880 0.00598 0.871 9.1913 0.5050 0.0721 0.0034
PRR10991_12 1370 2.8 0.89785 0.07188 0.09597 0.00504 0.896 10.4195 0.5468 0.0680 0.0028
PRR10991_24 709 0.9 0.74957 0.06764 0.08431 0.00524 0.882 11.8605 0.7372 0.0646 0.0030
PRR10991_54 542 0.3 1.02100 0.08035 0.10674 0.00556 0.903 9.3690 0.4878 0.0695 0.0027
PRR10991_25 305 0.9 5.61777 0.51033 0.28624 0.01936 0.909 3.4936 0.2363 0.1427 0.0058
PRR10991_77 218 0.9 0.78070 0.07347 0.08805 0.00575 0.876 11.3576 0.7418 0.0645 0.0031
PRR10991_32 1031 0.2 1.18730 0.12037 0.11911 0.00933 0.907 8.3956 0.6574 0.0725 0.0033
PRR10991_51 851 0.6 9.12605 0.68349 0.36396 0.01821 0.920 2.7475 0.1375 0.1823 0.0064
PRR10991_88 332 1.7 0.73847 0.07243 0.08604 0.00481 0.816 11.6225 0.6503 0.0624 0.0038
PRR10991_46 902 0.5 1.44557 0.12614 0.13904 0.00865 0.901 7.1924 0.4475 0.0756 0.0031
PRR10991_106 787 0.6 0.90902 0.07933 0.10071 0.00591 0.882 9.9295 0.5824 0.0656 0.0030
PRR10991_91 1125 0.0 0.92026 0.08198 0.10179 0.00624 0.884 9.8237 0.6020 0.0657 0.0030
PRR10991_18 239 0.7 2.00725 0.21442 0.17238 0.01327 0.870 5.8010 0.4466 0.0846 0.0047
PRR10991_49 647 0.5 2.12227 0.23500 0.17840 0.00990 0.773 5.6052 0.3110 0.0865 0.0066
PRR10991_55 1406 0.5 0.90257 0.08468 0.10083 0.00584 0.843 9.9178 0.5741 0.0651 0.0036
PRR10991_68 1178 0.4 4.64241 0.36445 0.27832 0.01514 0.917 3.5930 0.1954 0.1212 0.0044
PRR10991_11 1411 0.6 6.45768 0.52812 0.32746 0.01911 0.916 3.0538 0.1782 0.1433 0.0053
PRR10991_109 249 1.1 1.09773 0.09753 0.11707 0.00680 0.869 8.5423 0.4961 0.0682 0.0033
PRR10991_66 951 0.3 0.81360 0.06365 0.09396 0.00489 0.906 10.6431 0.5543 0.0629 0.0024
PRR10991_16 1777 1.2 13.48693 1.50728 0.45823 0.04176 0.921 2.1823 0.1989 0.2139 0.0097
PRR10991_40 657 0.5 0.94372 0.07739 0.10551 0.00595 0.903 9.4774 0.5341 0.0650 0.0026
PRR10991_95 1032 1.2 2.02057 0.17649 0.17770 0.01045 0.882 5.6275 0.3309 0.0827 0.0037
PRR10991_90 257 1.4 0.79626 0.07148 0.09293 0.00504 0.848 10.7603 0.5841 0.0623 0.0033
PRR10991_65 503 2.5 0.66569 0.05609 0.08107 0.00434 0.874 12.3352 0.6598 0.0597 0.0027
PRR10991_79 99 0.7 10.91956 0.92388 0.42791 0.02606 0.911 2.3370 0.1423 0.1855 0.0071
PRR10991_37 564 2.3 0.83512 0.06815 0.09687 0.00523 0.893 10.3229 0.5573 0.0627 0.0026
PRR10991_26 780 0.8 1.92757 0.18153 0.17431 0.01149 0.879 5.7368 0.3782 0.0804 0.0039
PRR10991_56 1528 0.3 9.17516 0.70712 0.40169 0.02117 0.918 2.4895 0.1312 0.1660 0.0059
PRR10991_52 1639 1.1 0.73452 0.05679 0.08809 0.00460 0.913 11.3517 0.5925 0.0606 0.0022

Isotopic Ratios

1Supplemental Tables. Detrital zircon U-Pb age and 
trace element results. Please visit http://​doi​.org​/10​.1130​
/GES01482​.S1 or the full-text article on www​.gsapubs​
.org to view the Supplemental Tables.
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We applied the Long classification and regression tree analysis (CART) to 
the zircon trace element data following Belousova et al. (2002), who showed 
that igneous parent rock type could be distinguished with >80% confidence for 
carbonites (84%), syenites (100%), Ne-syenite and syenite pegmatites (93%), and 
dolerites (84%). Zircons from other granitoids (65%–70% SiO2, 70%–75% SiO2, 
>75% SiO2, and larvikites, a high-K granitoid) were distinguished with a >80% 
confidence, with further subdivision into SiO2 classes commonly yielding mis-
classification primarily into higher or lower SiO2 content and therefore lower 
confidence (Belousova et al., 2002). Basalts were distinguished with a 47% con-
fidence (Belousova et al., 2002). We excluded zircons with U/Th ratios >10 ppm 

(n = 7) from the CART analysis because the higher ratio can develop as a conse-
quence of metamorphism (Hoskin and Schaltegger, 2003; Gehrels et al., 2009).

The resulting interpreted U-Pb ages are shown on kernel density estima-
tion diagrams in Figure 4 (Vermeesch, 2012). For sample PRR38521, the U-Pb 
zircon ages are shown on kernel density estimation diagrams according to 
rock type in Figure 5 (Vermeesch, 2012). These kernel density estimation dia-
grams smooth the age distributions without considering analytical uncertain-
ties (Vermeesch, 2012). We use the 2015 International Commission on Stratig-
raphy International Chronostratigraphic Chart time scale (Cohen et al., 2013) 
where we discuss the age results in the following.
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RESULTS

A total of 268 U-Pb age analyses from 3 samples meet acceptable concor-
dance thresholds. Of the U-Pb age analyses that meet acceptable concordance 
thresholds, 97% have U/Th ratios of <10, suggesting the zircons we analyzed pri-
marily grew during igneous processes (Rubatto, 2002; Hoskin and Schaltegger, 
2003), a result consistent with the presence of zircon grains with oscillatory 
zoned interiors (Corfu et al., 2003). The samples analyzed in this study show 
polymodal age spectra indicating derivation from an age-varied protolith.

Weaver Formation, Queen Maud Mountains

Sample PRR10991 is a fine- to medium-grained sandstone collected from 
the middle member of the Permian Weaver Formation of the Victoria Group at 
Mount Weaver at the head of Scott Glacier (86.9667°S, 153.8333°W) by Velon 
Minshew in 1962 (Polar Rock Repository, 2017). The cumulative zircon age 
suite yielded 73 of 100 analyses within concordance limits that range from 
3482 Ma (Paleoarchean) to 498 Ma (Cambrian, Series 3). These zircon ages 
have three dominant peaks at 1211 Ma, 980 Ma, and 587 Ma. Analysis of all 
of the zircon U-Pb ages yields age peaks similar to those shown by analyses 
within our concordance limits. One U-Pb age analysis (1125 Ma) has a meta-
morphic U/Th ratio (>10).

Fremouw Formation, Queen Maud Mountains

Sample PRR38521 is a fine- to medium-grained sandstone collected from 
the Triassic Fremouw Formation at Layman Peak (84.833°S, 179.750°E) in the 
Ramsay Glacier region by Molly Miller in the 1995–96 field season (Polar Rock 
Repository, 2017) The cumulative zircon age suite yielded 121 of 235 analyses 
within concordance limits that range from 2181 Ma (Paleoarchean) to 228 Ma 
(Late Triassic). These zircon ages show a dominant age peak at 238 Ma, with 
subsidiary age peaks at 1153 Ma, 1076 Ma, 984 Ma, 894 Ma, 892 Ma, 553 Ma, 
522 Ma, 493 Ma, and 367 Ma. Analysis of all of the zircon U-Pb ages yields age 
peaks similar to those shown by analyses within our concordance limits. The 
detrital zircon age populations yielded by the sample are similar to detrital 
zircon ages previously reported by Elliot and Fanning (2008) and Elliot et al. 
(2017) for Permian Buckley and upper Triassic Fremouw Formation samples 
collected from the areas around the Shackleton to Beardmore Glaciers.

CART classification of the trace element analyses of 121 age concordant 
zircons with trace element U/Th ratios <10 yields 94 granitoid (granitoid >65% 
SiO2 and larvikite in Belousova et al., 2002), 11 mafic (dolerite, n = 8; basalt, 
n = 3), and 9 alkaline (syenite, n = 5; Ne-syenite and/or syenite pegmatite, n = 3; 
carbonatite, n = 1) protoliths. Those zircons classified as derived from gran
itoids yield age peaks that are similar to the overall U-Pb zircon age data set; 
there is a dominant age peak at 239 Ma, with subsidiary age peaks at 1078 Ma, 
985 Ma, 892 Ma, 609 Ma, 523 Ma, and 368 Ma. The zircons classified as having 
been derived from mafic rocks show a dominant age peak at 236 Ma, with 
a subsidiary age peak at 539 Ma. Zircons classified as derived from alkaline 
rocks ranges show a dominant age peak at 559 Ma. Seven trace element analy
ses (1101, 987, 645, 571, 565, 512, and 488 Ma) yield metamorphic U/Th ratios 
(>10), with a primary age peak at 560 Ma.

Weller Coal Measures, South Victoria Land

Sample PRR33328 is a fine- to medium-grained sandstone collected from 
the middle of the Permian Weller Coal Measures of the Victoria Group ~30 m 
from the upper dolerite sill at the end of Aztec ridge (77.802°S, 160.552°E) in the 
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Taylor Glacier region by Anne Grunow in 1988 (Polar Rock Repository, 2017). 
The cumulative zircon age suite yielded 74 of 110 analyses within concordance 
limits that range from 3314  Ma (Paleoarchean) to 374  Ma (Late Devonian). 
These zircon ages show a dominant age peak at 528 Ma, with a subsidiary age 
peak at 1092 Ma. Analysis of all of the zircon U-Pb ages yields age peaks similar 
to those shown by analyses within our concordance limits. Three U-Pb age 
analyses (1121, 631, 554 Ma) have metamorphic U/Th ratios (>10).

DISCUSSION AND CONCLUSIONS

The detrital zircon results presented here provide new constraints on the 
age and provenance of the siliciclastic material that composes a portion of 
the Permian–Triassic sections of the Beacon Supergroup. These new data indi
cate that the Permian–Triassic siliciclastic sediments were primarily derived 
from sources dominated by Mesoproterozoic to Triassic (1211–238  Ma) zir-
cons, consistent with previous studies of similar-age Beacon sandstone in the 
Ramsay and Shackleton Glaciers regions of the Queen Maud Mountains (Elliot 
and Fanning, 2008), the Beardmore Glacier region of the central Transantarctic 
Mountains (Elliot et al., 2015), and north Victoria Land (Goodge and Fanning, 
2010; Elsner et al., 2013) (Fig. 3). The results also indicate that these zircons are 
likely derived from igneous rocks with only minor contributions from rocks 
that record significant metamorphic zircon growth.

Paleoflow indicators indicate both outboard (away from East Antarctica) 
and inboard (toward East Antarctica) directed flow during the deposition of 
Permian sections of the Beacon Supergroup (Fig. 1A) (Collinson et al., 1994). 
The 1211–980 Ma age peaks, as well as those at 587 Ma and 528 Ma, are simi
lar to and possibly derived from recycling of detrital zircon age populations 
found in the Neoproterozoic–Ordovician siliciclastic rocks of the inboard Ross 
Supergroup in the Transantarctic Mountains or the outboard Swanson For-
mation in West Antarctica (Fig. 1B) (Goodge et al., 2004; Yakymchuk et al., 
2015; Paulsen et al., 2015, 2016b); the outboard Swanson Formation was likely 
at least in part ultimately derived from erosion of Ross orogenic belt. The 
1211–980 Ma (Mesoproterozoic–Neoproterozoic, Tonian) age peaks could also 
reflect erosion and transport of sediment from late Mesoproterozoic to Neo-
proterozoic mobile belts found within the East Antarctic craton (Fig. 1B) (Fitz-
simons, 2000, 2003; Goodge et al., 2010; Boger, 2011; Loewy et al., 2011). How-
ever, it is also possible that older zircon age populations are at least in part 
derived from West Antarctica sources, where isotopic analyses suggest the 
presence of such older crust (Millar and Pankhurst, 1987; Mukasa and Dalziel, 
2000; Craddock et al., 2016, 2017). Archean zircon ages (3481–2518 Ma) are 
few (n = 10 within concordance limits) and mainly found within the Permian 
sample (PRR10991) from the Queen Maud Mountains. These ages are similar 
to detrital zircon ages reported from the Ellsworth Mountains (Craddock et al., 
2017), which may source from the Minnesota River Valley of the Superior 
Province, although sources from the East Antarctic craton cannot be ruled out 
(Craddock et al., 2017).
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The original igneous source rocks for the zircons that contribute to the 
528 Ma age peak likely belong to the Neoproterozoic–Ordovician (565–480 Ma) 
Granite Harbour Intrusives (Stump, 1995; Encarnación and Grunow, 1996; 
Rocchi et al., 2009; Goodge et al., 2012; Paulsen et al., 2013; Hagen-Peter et al., 
2015; Hagen-Peter and Cottle, 2016), which are widespread and exposed be-
neath the Kukri erosion surface in the Transantarctic Mountains (e.g., Elliot 
and Fanning, 2008; Elliot, 2013; Elliot et al., 2015). There are also isolated ex-
posures of Cambrian (505 Ma) granitoid gneiss in West Antarctica (Pankhurst 
et al., 1998; Mukasa and Dalziel, 2000), pointing to the outboard presence of 
source rocks that are broadly similar in age. The igneous source rocks for the 
zircons contributing to the 587 Ma age peak is more difficult to determine. This 
age peak correlates with dates that characterize other Gondwana mobile belts 
(Boger and Miller, 2004; Squire et al., 2006; Boger, 2011), but derivation from 
ice-covered, inboard metamorphic-plutonic belts (Goodge et  al., 2002; Fitz
simons, 2003; Goodge et al., 2004; Collins and Pisarevsky, 2005; Boger, 2011), 
including possible ancestral elements of the Ross orogen (Sircombe, 1999; 
Goodge et al., 2012; Hagen-Peter et al., 2016) in East Antarctica, are plausible.

Paleocurrent indicators show a major reversal in paleoflow predominantly 
directed inboard (toward East Antarctica) concomitant with the introduction 
of volcaniclastic sediment in Late Permian and Triassic sections of the Bea-
con Supergroup (Figs. 1A and 2) (Collinson et  al., 1994). Despite the major 
reversal in paleoflow toward East Antarctica, the U-Pb age results from the 
Permian–Triassic samples point to the continued transport of significant pop-
ulations of Cambrian and older zircons from West Antarctic sources, which is 
consistent with previous detrital zircon U-Pb age analyses in the Transantarctic 
Mountains (e.g., Elliot and Fanning, 2008; Elliot, 2013; Elliot et al., 2015). The 
following evidence combined supports the notion that these zircon age popu-
lations may in part be derived from sources like those found within the Ross 
orogenic belt, leading us to conclude that there is similar crust in West Antarc-
tica and/or these zircons are recycled from sedimentary rocks previously shed 
from the Ross orogen and deposited in outboard localities. (1) The ca. 521 Ma 
(Cambrian) age peak yielded by zircons classified as granitoid is similar to the 
ages of early Paleozoic Granite Harbour Intrusives and their equivalents found 
along the continental margin. (2) The ca. 559 Ma (Ediacaran) age peak yielded 
by alkaline-carbonatite zircons is similar in age and lithology to the ca. 550 Ma 
alkaline rocks found in the Koettlitz Glacier alkaline province of the south Victo-
ria Land sector of the Transantarctic Mountains (Cooper et al., 1997; Read et al., 
2002; Mellish et al., 2002; Martin et al., 2015; Hagen-Peter and Cottle, 2016). 
(3) Similar trace element and age patterns have been found for detrital zircons 
from the Ross Supergroup in the north Victoria Land sector of the Ross orogen 
(Paulsen et al., 2016a).

The ca. 369 Ma (Devonian) and ca. 239 Ma (Permian–Triassic) granitoid zir-
cons from our Triassic sample were likely derived from Devonian and Permian–
Triassic granitoids (e.g., Pankhurst et  al., 1998; Mukasa and Dalziel, 2000; 
Yakymchuk et al., 2015) found in outboard localities (away from East Antarctica) 
in north Victoria Land and West Antarctica (Fig. 1A) (Elliot, 2013). Our new data 
also indicate smaller, but significant, contributions from Triassic (236 Ma) mafic 

rocks presumably also located in West Antarctica. These mafic zircons may rep-
resent important new evidence for extensional backarc volcanism previously 
postulated to have extended along this section of the Gondwana margin (Fig. 
1A) (Elliot et al., 2016b; McKay et al., 2016), although extensive analyses of trace 
elements in zircons from more deposits along the margin are necessary to fur-
ther test this model. The large areas over which such data are generally absent 
along the margin preclude assessment of the magmatic evolution along the 
margin in greater detail at this time. The new results do, however, emphasize 
that the detrital zircon trace element record of the Beacon Supergroup shows 
promise to significantly advance our understanding of continental arc magma-
tism associated with the Gondwanide orogeny.

ACKNOWLEDGMENTS

This research used rock samples provided by the United States Polar Rock Repository and New 
Zealand PETLAB rock collections. We thank Christopher Spencer, John Veevers, John Craddock, 
and an anonymous reviewer for reviews that improved this manuscript. We acknowledge support 
from the University of Wisconsin Oshkosh Penson Endowed Professorship and Faculty Develop-
ment Program and the Scientific Center for Optical and Electron Microscopy ScopeM of the Swiss 
Federal Institute of Technology (ETHZ).

REFERENCES CITED

Barrett, P.J., 1991, The Devonian to Jurassic Beacon Supergroup of the Transantarctic Mountains 
and correlatives in other parts of Antarctica, in Tingey, R.J., ed., The Geology of Antarctica: 
Oxford, Clarendon Press, p. 120–152.

Belousova, E.A., Griffin, W.L., O’Reilly, S.Y., and Fisher, N.I., 2002, Igneous zircon: Trace element 
composition as an indicator of source rock type: Contributions to Mineralogy and Petrology, 
v. 143, p. 602–622, doi:​10​.1007​/s00410​-002​-0364​-7​.

Black, L.P., Kamo, S.L., Allen, C.M., Davis, D.W., Aleinikoff, J.N., Valley, J.W., Mundil, R., Camp-
bell, I.H., Korsch, R.J., Williams, I.S., and Foudoulis, C., 2004, Improved 206Pb/238U micro-
probe geochronology by the monitoring of a trace-element-related matrix effect; SHRIMP, 
ID-TIMS, ELA-ICP-MS and oxygen isotope documentation for a series of zircon standards: 
Chemical Geology, v. 205, no. 1–2, p. 115–140, doi:​10​.1016​/j​.chemgeo​.2004​.01​.003​.

Boger, S.D., 2011, Antarctica—Before and after Gondwana: Gondwana Research, v. 19, p. 335–
371, doi:​10​.1016​/j​.gr​.2010​.09​.003​.

Boger, S.D., and Miller, J.M., 2004, Terminal suturing of Gondwana and the onset of the 
Ross-Delamerian Orogeny: The cause and effect of an Early Cambrian reconfiguration of 
plate motions: Earth and Planetary Science Letters, v. 219, p. 35–48, doi:​10​.1016​/S0012​-821X​
(03)00692​-7​.

Cawood, P.A., 2005, Terra Australis Orogen: Rodinia breakup and development of the Pacific 
and Iapetus margins of Gondwana during the Neoproterozoic and Paleozoic: Earth-Science 
Reviews, v. 69, p. 249–279, doi:​10​.1016​/j​.earscirev​.2004​.09​.001​.

Chang, Z., Vervoort, J.D., McClelland, W.C., and Knaack, C., 2006, U-Pb dating of zircon by 
LA‑ICP-MS: Geochemistry, Geophysics, Geosystems, v. 7, Q05009, doi:​10​.1029​/2005GC001100​.

Cohen, K.M., Finney, S.C., Gibbard, P.L., and Fan, J.-X., 2013, The ICS International Chronostrati-
graphic Chart: Episodes, v. 36, p. 199–204, doi:​10​.1111​/j​.1502​-3931​.1980​.tb01026​.x​.

Collins, A.S., and Pisarevsky, S.A., 2005, Amalgamating eastern Gondwana: The evolution of 
the Circum-Indian orogens: Earth-Science Reviews, v. 71, p. 229–270, doi:​10​.1016​/j​.earscirev​
.2005​.02​.004​.

Collinson, J.W., Isbell, J.L., Elliot, D.H., Miller, M.F., Miller, J.M.G., and Veevers, J.J., 1994, Permian–
Triassic Pangean basins and foldbelts along the Panthalassan margin of Gondwanaland, in 
Veevers, J.J., and Powell, C.M., eds., Geological Society of America Memoir 184, p. 173–222, 
doi:​10​.1130​/MEM184​-p173​.

Cooper, A.F., Worley, B.A., Armstrong, R.A., and Price, R.C., 1997, Synorogenic alkaline and car-
bonatitic magmatism in the Transantarctic Mountains of South Victoria Land, Antarctica, in 

http://geosphere.gsapubs.org


Research Note

2092Paulsen et al.  |  Ages, compositions of Permian–Triassic foreland basin strata, Gondwanide orogenGEOSPHERE  |  Volume 13  |  Number 6

Ricci, C.A., ed., The Antarctic Region: Geological Evolution and Processes, Siena, Italy, Terra 
Antartica Publications, p. 191–202.

Corfu, F., Hanchar, J.M., Hoskin, P.W.O., and Kinny, P., 2003, Atlas of zircon textures: Reviews in 
Mineralogy and Geochemistry, v. 53, p. 469–500, doi:​10​.2113​/0530469​.

Craddock, J.P., Schmitz, M.D., Crowley, J.L., Larocque, J., Pankhurst, R.J., Juda, N., Konstanti-
nou, A., and Storey, B., 2016, Precise U-Pb zircon ages and geochemistry of Jurassic gran-
ites, Ellsworth-Whitmore terrane, central Antarctica: Geological Society of America Bulletin, 
v. 128, p. 118–136, doi:​10​.1130​/B31485​.1​.

Craddock, J.P., Fitzgerald, P., Konstantinou, A., Nereson, A., and Thomas, R.J., 2017, Detrital zir-
con provenance of upper Cambrian–Permian strata and tectonic evolution of the Ellsworth 
Mountains, West Antarctica: Gondwana Research, v. 45, p. 191–207, doi:​10​.1016​/j​.gr​.2016​.11​
.011​.

Elliot, D.H., 2013, The geological and tectonic evolution of the Transantarctic Mountains: A 
review, in Hambrey, M.J., et  al., eds., Antarctic Palaeoenvironments and Earth-Surface 
Processes: Geological Society of London Special Publication  381, p.  7–35, doi:​10​.1144​
/SP381​.14​.

Elliot, D.H., and Fanning, C.M., 2008, Detrital zircons from upper Permian and lower Triassic 
Victoria Group sandstones, Shackleton Glacier region, Antarctica: Evidence for multiple 
sources along the Gondwana plate margin: Gondwana Research, v. 13, p. 259–274, doi:​10​
.1016​/j​.gr​.2007​.05​.003​.

Elliot, D.H., Fanning, C.M., and Hulett, S.R.W., 2015, Age provinces in the Antarctic craton: Evi-
dence from detrital zircons in Permian strata from the Beardmore Glacier region, Antarctica: 
Gondwana Research, v. 28, p. 152–164, doi:​10​.1016​/j​.gr​.2014​.03​.013​.

Elliot, D.H., Larson, D., Fanning, C.M., Fleming, T.H., and Vervoort, J.D., 2016a, The Lower Juras-
sic Hanson Formation of the Transantarctic Mountains: Implications for the Antarctic sector 
of the Gondwana plate margin: Geological Magazine, doi:​10​.1017​/S0016756816000388​.

Elliot, D.H., Fanning, C.M., and Laudon, T.S., 2016b, The Gondwana plate margin in the Wed-
dell Sea sector: Zircon geochronology of upper Paleozoic (mainly Permian) strata from the 
Ellsworth Mountains and eastern Ellsworth Land, Antarctica: Gondwana Research, v.  29, 
p. 234–247, doi:​10​.1016​/j​.gr​.2014​.12​.001​.

Elliot, D.H., Fanning, C.M., Isbell, J.L., and Hulett, S.R.W., 2017, The Permo-Triassic Gondwana 
sequence, central Transantarctic Mountains, Antarctica: Zircon geochronology, provenance, 
and basin evolution: Geosphere, v. 13, p. 155–178, doi:​10​.1130​/GES01345​.1​.

Elsner, M., Schöner, R., Gerdes, A., and Gaupp, R., 2013, Reconstruction of the early Mesozoic 
plate margin of Gondwana by U-Pb ages of detrital zircons from northern, in Harley, S.L., 
et al., eds., Antarctica and Supercontinent Evolution: Geological Society of London Special 
Publication 383, p. 211–232, doi:​10​.1144​/SP383​.5​.

Encarnación, J., and Grunow, A., 1996, Changing magmatic and tectonic styles along the paleo-
Pacific margin of Gondwana and the onset of early Paleozoic magmatism in Antarctica: 
Tectonics, v. 15, p. 1325–1341, doi:​10​.1029​/96TC01484​.

Fitzsimons, I.C.W., 2000, A review of tectonic events in the East Antarctic Shield, and their impli-
cations for Gondwana and earlier supercontinents: Journal of African Earth Sciences, v. 31, 
p. 3–23, doi:​10​.1016​/S0899​-5362​(00)00069​-5​.

Fitzsimons, I.C.W., 2003, Proterozoic basement provinces of southern and southwestern Aus-
tralia, and their correlation with Antarctica, in Yoshida, M., et  al., eds., Proterozoic East 
Gondwana: Supercontinent Assembly and Breakup: Geological Society of London Special 
Publication 206, p. 93–130, doi:​10​.1144​/GSL​.SP​.2003​.206​.01​.07​.

Gehrels, G., et  al., 2009, U-Th-Pb geochronology of the Coast Mountains batholith in north-
coastal British Columbia: Constraints on age and tectonic evolution: Geological Society of 
America Bulletin, v. 121, p. 1341–1361, doi:​10​.1130​/B26404​.1​.

Goodge, J.W., and Fanning, C.M., 2010, Composition and age of the East Antarctic shield in east-
ern Wilkes Land determined by proxy from Oligocene–Pleistocene glaciomarine sediment 
and Beacon Supergroup sandstones, Antarctica: Geological Society of America Bulletin, 
v. 122, p. 1135–1159, doi:​10​.1130​/B30079​.1​.

Goodge, J.W., Myrow, P., Williams, I.S., and Bowring, S.A., 2002, Age and provenance of the 
Beardmore Group, Antarctica: Constraints on Rodinia supercontinent breakup: Journal of 
Geology, v. 110, p. 393–406, doi:​10​.1086​/340629​.

Goodge, J.W., Williams, I.S., and Myrow, P., 2004, Provenance of Neoproterozoic and lower 
Paleozoic siliciclastic rocks of the central Ross orogen, Antarctica: Detrital record of rift-, 
passive-, and active-margin sedimentation: Geological Society of America Bulletin, v. 116, 
p. 1253–1279, doi:​10​.1130​/B25347​.1​.

Goodge, J.W., Fanning, C.M., Brecke, D.M., Licht, K.J., and Palmer, E.F., 2010, Continuation of 
the Laurentian Grenville Province across the Ross Sea margin of East Antarctica: Journal 
of Geology, v. 118, p. 601–619, doi:​10​.1086​/656385​.

Goodge, J.W., Fanning, C.M., Norman, M.D., and Bennett, V.C., 2012, Temporal, isotopic and 
spatial relations of early Paleozoic Gondwana-margin arc magmatism, Central Transantarc-
tic Mountains, Antarctica: Journal of Petrology, v. 53, p. 2027–2065, doi:​10​.1093​/petrology​
/egs043​.

Guillong, M., Meier, D.L., Allan, M.M., Heinrich, C.A., and Yardley, B.W.D., 2008, Appendix A6: 
SILLS: A MATLAB-based program for the reduction of laser ablation ICP-MS data of homo-
geneous materials and inclusions, in Sylvester, P., ed., Laser Ablation ICP-MS in the Earth 
Sciences: Current Practices and Outstanding Issues: Mineralogical Association of Canada 
Short Course 40, p. 328–333.

Hagen-Peter, G., and Cottle, J.M., 2016, Synchronous alkaline and subalkaline magmatism 
during the late Neoproterozoic–early Paleozoic Ross orogeny, Antarctica: Insights into mag-
matic sources and processes within a continental arc: Lithos, v. 262, p. 677–698, doi:​10​.1016​
/j​.lithos​.2016​.07​.032​.

Hagen-Peter, G., Cottle, J.M., Tulloch, A.J., and Cox, S.C., 2015, Mixing between enriched litho-
spheric mantle and crustal components in a short-lived subduction-related magma system, 
Dry Valleys area, Antarctica: Insights from U-Pb geochronology, Hf isotopes, and whole-rock 
geochemistry: Lithosphere, v. 7, p. 174–188, doi:​10​.1130​/L384​.1​.

Hagen-Peter, G., Cottle, J.M., Smit, M., and Cooper, A.F., 2016, Coupled garnet Lu-Hf and 
monazite U-Pb geochronology constrain early convergent margin dynamics in the Ross oro-
gen, Antarctica: Journal of Metamorphic Geology, v. 34, p. 293–319, doi:​10​.1111​/jmg​.12182​.

Hoskin, P.W.O., and Schaltegger, U., 2003, The composition of zircon and igneous and metamor-
phic petrogenesis: Reviews in Mineralogy and Geochemistry, v.  53, p.  27–62, doi:​10​.2113​
/0530027​.

Isbell, J.L., 1999, The Kukri erosion surface; a reassessment of its relationship to rocks of the 
Beacon Supergroup in the central Transantarctic Mountains, Antarctica: Antarctic Science, 
v. 11, p. 228–238, doi:​10​.1017​/S0954102099000292​.

Jackson, S.E., Pearson, N.J., Griffin, W.L., and Belousova, E.A., 2004, The application of laser 
ablation-inductively coupled plasma-mass spectroscopy to in situ U-Pb zircon geochronol-
ogy: Chemical Geology, v. 211, p. 47–69, doi:​10​.1016​/j​.chemgeo​.2004​.06​.017​.

Loewy, S.L., Dalziel, I.W.D., Pisarevsky, S., Connelly, J.N., Tait, J., Hanson, R.E., and Bullen, D., 
2011, Coats Land crustal block, East Antarctica: A tectonic tracer for Laurentia?: Geology, 
v. 39, p. 859–862, doi:​10​.1130​/G32029​.1​.

Ludwig, K.R., 2003, User’s Manual for Isoplot 3.00: A Geochronological Toolkit for Microsoft 
Excel: Berkeley Geochronology Center Special Publication 4, 74 p.

Martin, A.P., Cooper, A.F., Price, R.C., Turnbull, R.E., and Roberts, N.M.W., 2015, The petrology, 
geochronology and significance of Granite Harbour Intrusive Complex xenoliths and out-
crop sampled in western McMurdo Sound, Southern Victoria Land, Antarctica: New Zealand 
Journal of Geology and Geophysics, v. 58, p. 33–51, doi:​10​.1080​/00288306​.2014​.982660​.

McKay, M.P., Coble, M.A., Hessler, A.M., Weislogel, A.L., and Fildani, A., 2016, Petrogenesis and 
provenance of distal volcanic tuffs from the Permian–Triassic Karoo Basin, South Africa: 
A window into a dissected magmatic province: Geosphere, v. 12, p. 1–14, doi:​10​.1130​
/GES01215​.1​.

Mellish, S.D., Cooper, A.F., and Walker, N.W., 2002, Panorama Pluton: A composite gabbro-
monzodiorite early Ross orogeny intrusion in southern Victoria Land, Antarctica, in Gamble, 
J.A., et al., eds., Antarctica at the close of a millennium: Royal Society of New Zealand 
Bulletin, v. 35, p. 125–141.

Millar, I.L., and Pankhurst, R.J., 1987, Rb-Sr geochronology of the region between the Antarctic 
Peninsula and the Transantarctic Mountains: Haag Nunataks and Mesozoic granitoids, in 
Mckenzie, G.D., ed., Gondwana Six: Structure, Tectonics, and Geophysics: American Geo-
physical Union Geophysical Monograph 40, p. 151–160, doi:​10​.1029​/GM040p0151​.

Mukasa, S.B., and Dalziel, I.W.D., 2000, Marie Byrd Land, West Antarctica: Evolution of Gond-
wana’s Pacific margin constrained by zircon U-Pb geochronology and feldspar common-Pb 
isotopic compositions: Geological Society of America Bulletin, v. 112, p. 611–627, doi:​10​.1130​
/0016​-7606​(2000)112​<611:​MBLWAE>2​.0​.CO;2​.

Paces, J., and Miller, J., 1993, Precise U-Pb ages of Duluth Complex and related mafic intrusions, 
northeastern Minnesota: Geochronological insights to physical, petrogenetic, paleomag-
netic, and tectonomagmatic processes associated with the 1.1 Ga Midcontinent Rift System: 
Journal of Geophysical Research, v. 98, no. B8, p. 13,997–14,013, doi:​10​.1029​/93JB01159​.

http://geosphere.gsapubs.org


Research Note

2093Paulsen et al.  |  Ages, compositions of Permian–Triassic foreland basin strata, Gondwanide orogenGEOSPHERE  |  Volume 13  |  Number 6

Pankhurst, R.J., Weaver, S.D., Bradshaw, J.D., Storey, B.C., and Ireland, T.R., 1998, Geochronol-
ogy and geochemistry of pre-Jurassic superterranes in Marie Byrd Land, Antarctica: Journal 
of Geophysical Research, v. 103, p. 2529–2547, doi:​10​.1029​/97JB02605​.

Paton, C., Hellstrom, J., Paul, B.,Woodhead, J., and Hergt, J., 2011, Iolite: Freeware for the visuali
sation and processing of mass spectrometric data: Journal of Analytical Atomic Spectrome-
try, v. 26, p. 2508–2518, doi:​10​.1039​/c1ja10172b​.

Paulsen, T.S., Encarnación, J., Grunow, A.M., Valencia, V.A., Pecha, M., Layer, P.W., and Raso
azanamparany, C., 2013, Age and significance of “outboard” high-grade metamorphics and 
intrusives of the Ross orogen, Antarctica: Gondwana Research, v. 24, p. 349–358, doi:​10​.1016​
/j​.gr​.2012​.10​.004​.

Paulsen, T.S., Encarnación, J., Grunow, A.M., Valencia, V.A., Layer, P.W., Pecha, M., Stump, E., 
Roeske, S., Thao, S., and Rasoazanamparany, C., 2015, Detrital mineral ages from the Ross 
Supergroup, Antarctica: Implications for the Queen Maud terrane and outboard sediment 
provenance on the Gondwana margin: Gondwana Research, v. 27, p. 377–391, doi:​10​.1016​
/j​.gr​.2013​.10​.006​.

Paulsen, T.S., Deering, C., Sliwinski, J., Bachmann, O., and Guillong, M., 2016a, A continental 
arc tempo discovered in the Pacific-Gondwana margin mudpile?: Geology, v. 44, p. 915–918, 
doi:​10​.1130​/G38189​.1​.

Paulsen, T.S., Deering, C., Sliwinski, J., Bachmann, O., and Guillong, M., 2016b, Detrital zircon 
ages from the Ross Supergroup, north Victoria Land, Antarctica: Implications for the tec-
tonostratigraphic evolution of the Pacific-Gondwana margin: Gondwana Research, v.  35, 
p. 79–96, doi:​10​.1016​/j​.gr​.2016​.04​.001​.

Petrus, J.A., and Kamber, B.S., 2012, VizualAge: A novel approach to laser ablation ICP-MS U-Pb 
geochronology data reduction: Geostandards and Geoanalytical Research, v. 36, p. 247–270, 
doi:​10​.1111​/j​.1751​-908X​.2012​.00158​.x​.

Polar Rock Repository, 2017, Polar rock and dredge samples available for research and edu-
cational use: Byrd Polar and Climate Research Center, Ohio State University, doi:​10​.7289​
/V5RF5S18 ​(June 2017)​.

Read, S.E., Cooper, A.F., and Walker, N.W., 2002, Geochemistry and U-Pb geochronology of the 
Neoproterozoic–Cambrian Koettlitz Glacier alkaline province, Royal Society Range, Trans
antarctic Mountains, Antarctica, in Gamble, J.A., et  al., eds., Antarctica at the close of a 
millennium: Royal Society of New Zealand Bulletin, v. 35, p. 143–151.

Retallack, G.J., Metzger, C.A., Greaver, T., Jahren, A.H., Smith, R.M.H., and Sheldon, N.D., 2006, 
Middle-Late Permian mass extinction on land: Geological Society of America Bulletin, v. 118, 
p. 1398–1411, doi:​10​.1130​/B26011​.1​.

Rocchi, S., Di Vincenzo, G., Ghezzo, C., and Nardini, I., 2009, Granite-lamprophyre connection in 
the latest stages of the early Paleozoic Ross Orogeny (Victoria Land, Antarctica): Geological 
Society of America Bulletin, v. 121, p. 801–819, doi:​10​.1130​/B26342​.1​.

Rubatto, D., 2002, Zircon trace element geochemistry: Partitioning with garnet and the link be-
tween U-Pb ages and metamorphism: Chemical Geology, v.  184, p.  123–138, doi:​10​.1016​
/S0009​-2541​(01)00355​-2​.

Sircombe, K.N., 1999, Tracing provenance through the isotope ages of littoral and sedimentary 
detrital zircon, eastern Australia: Sedimentary Geology, v. 124, p. 47–67, doi:​10​.1016​/S0037​
-0738​(98)00120​-1​.

Sláma, J., et al., 2008, Plesovice zircon—A new natural reference material for U-Pb and Hf iso-
topic microanalysis: Chemical Geology, v. 249, p. 1–35, doi:​10​.1016​/j​.chemgeo​.2007​.11​.005​.

Spencer, C.J., Kirkland, C.L., and Taylor, R.J.M., 2016, Strategies towards statistically robust in-
terpretations of in situ U-Pb zircon geochronology: Geoscience Frontiers, v. 7, p. 581–589, 
doi:​10​.1016​/j​.gsf​.2015​.11​.006​.

Squire, R.J., Campbell, I.H., Allen, C.M., and Wilson, C.J.L., 2006, Did the Transgondwanan Super
mountain trigger the explosive radiation of animals on Earth?: Earth and Planetary Science 
Letters, v. 250, p. 116–133, doi:​10​.1016​/j​.epsl​.2006​.07​.032​.

Stump, E., 1995, The Ross orogen of the Transantarctic Mountains: Cambridge, Cambridge Uni-
versity Press, 308 p.

Veevers, J.J., 2007, Pan-Gondwanaland post-collisional extension marked by 650–500 Ma alka-
line rocks and carbonatites and related detrital zircons: A review: Earth-Science Reviews, 
v. 83, p. 1–47, doi:​10​.1016​/j​.earscirev​.2007​.03​.001​.

Veevers, J.J., Belousova, E.A., Saeed, A., Sircombe, K., Cooper, A.F., and Read, S.E., 2006, 
Pan-Gondwanaland detrital zircons from Australia analysed for Hf-isotopes and trace ele-
ments reflect an ice-covered Antarctic provenance of 700–500 Ma age, TDM of 2.0–1.0 Ga, 
and alkaline affinity: Earth-Science Reviews, v. 76, p. 135–174, doi:​10​.1016​/j​.earscirev​.2005​
.11​.001​.

Vermeesch, P., 2012, On the visualisation of detrital age distributions: Chemical Geology, v. 312–
313, p. 190–194, doi:​10​.1016​/j​.chemgeo​.2012​.04​.021​.

Wiedenbeck, M., Allé, P., Corfu, F., Griffin, W.L., Meier, M., Oberli, F., Von Quadt, A., Roddick, J.C., 
and Spiegel, W., 1995, Three natural zircon standards for U-Th-Pb, Lu-Hf, trace element and 
REE analysis: Geostandards Newsletter, v. 19, p. 1–23, doi:​10​.1111​/j​.1751​-908X​.1995​.tb00147​.x​.

Yakymchuk, C., Brown, C.R., Brown, M., Siddoway, C.S., Fanning, C.M., and Korhonen, F.J., 2015, 
Paleozoic evolution of western Marie Byrd Land, Antarctica: Geological Society of America 
Bulletin, v. 127, p. 1464–1484, doi:​10​.1130​/B31136​.1​.

http://geosphere.gsapubs.org

	ABSTRACT
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES CITED
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Supplemental Tables

	Next Page: 
	Page 1: 
	Page 21: 
	Page 32: 
	Page 43: 
	Page 54: 
	Page 65: 
	Page 76: 
	Page 87: 
	Page 98: 

	Previous Page: 
	Page 2: 
	Page 31: 
	Page 42: 
	Page 53: 
	Page 64: 
	Page 75: 
	Page 86: 
	Page 97: 



