Supplementary Material

The role of clay minerals in the preservation of Precambrian organic-walled microfossils

C. R. Woltz}2* R. P. Anderson3#, N. J. Tosca®, S. M. Porter?!

!Department of Earth Science, University of California, Santa Barbara, CA 93106, USA

2 Department of Earth and Planetary Sciences, Stanford University, Stanford, CA 94305,
USA (*cwoltz@stanford.edu)

3 All Souls College, University of Oxford, Oxford OX1 4AL, UK

4 Department of Earth Sciences, University of Oxford, Oxford OX1 3AN, UK

5 Department of Earth Sciences, University of Cambridge, Cambridge CB2 3EQ, UK



Sample descriptions

Shale samples are from the collections of S.M. Porter and are housed in the sample
collections of UC Santa Barbara. Mineral concentrations, total organic carbon (TOC)
concentrations, and fossil preservational quality data were collected for each sample (Table S1
and S3). Samples were collected from outcrop (n=52) or drill cores (n=26); the variance in
preservation quality in samples from outcrop and drill core do not significantly differ (Fligner-
Killeen test of homogeneity of variances; p= 0.49). Each sample, whether it is from outcrop or
drill core, spans ~ 5 cm of vertical strata. Geochemical and paleontological data therefore are
averages over several mm-scale laminae within the sampled shale. Because microfossil
extraction (via acid maceration) of these samples was conducted before this study, more precise
stratigraphic resolution within this dataset is not possible.

For localities with more than two samples, we provide additional context on depositional

environment and thermal maturity.

Alinya Formation—Giles-1 drillcore in the Officer Basin of South Australia contains
approximately 60 meters of the Alinya Formation. Samples are from the upper unit, which is
characterized by repeating intervals of siltstones, shale, and evaporite deposits, suggesting
deposition in a subtidal shelf to coastal sabkha environment (Morton, 1997; Zang, 1995). From
ramped pyrolysis analysis, kerogen was determined to be well-preserved and still within peak

maturity (Tmax= 439-475°C; Gravestock and Morton, 1997; Zang and McKirdy, 1994).

Aralka and Areyonga formations—Samples from the Aralka and Areyonga formations come
from two drill cores (BR0O5DDO01 and Wallara-1 drill cores) in the Amadeus Basin, Northern

Territory, Australia. The Areyonga Formation contains interbedded diamictites and shales



associated with the Sturtian glaciation and was deposited in a shallow glaciomarine setting
(Lindsay, 1989). The overlying Aralka Formation (only present in Wallara-1) consists of
dolomitic shale and siltstone associated with marine transgression (Preiss, 2000). Thermal
maturity is estimated by vitrinite reflectance equivalence in samples from Wallara-1, yielding

values indicative of peak maturity (Gibson et al., 2005).

Lower Bylot Supergroup — The Arctic Bay and lgqittug formations of the Bylot Supergroup
were deposited in shallow marine shelf to deltaic environments. The Arctic Bay Formation is
composed of cyclic intervals of shale interbedded with siltstone and sandstone, overlain by
organic-rich shale and stilstone with little evidence for cyclicity (Jackson & lannelli 1981;
Turner, 2009; Turner and Kamber, 2012). The Iqqittug Formation conformably overlies the
Arctic Bay Formation and is composed of carbonate and siliciclastic cycles interpreted as a
prograding mixed siliciclastic-carbonate ramp (Gibson et al., 2017; Turner, 2009). The Bylot
Supergroup has experienced relatively deep burial of > 4000m (Fustic et al., 2017). Ramped
pyrolysis analyses reveal a Tmax 0f 556 + 39°C, which is indicative of post maturity (Fustic et al.,

2017).

Chuar Group — The Chuar Group sediments were deposited in an intracratonic basin and
exhibits meterscale cycles of variegated and organic-rich shales capped by sandstone and
dolomite intervals (Dehler et al., 2001). These meter-scale cycles suggest shallowing from
relatively deeper water environments to shallow subtidal to intertidal environments. There is no

evidence for a steep slope in the basin and the shoreline gradient is estimated to be a very low



angle. Ramped pyrolysis analyses yield Tmax values of ~420 to 490 °C (Lillis, 2016) and ~439 to

444 °C (Zumberge et al., 2020), which range from immature to late mature.

Undifferentiated Proterozoic (Colville Hills E-15)— A 300m-thick Proterozoic sequence of
shale, siltstone, sandstone and minor stromatolitic carbonates uncomfortably underlies Cambrian
Mount Cap Formation in the Colville Hills E-15 drill core, Northwest Territories, Canada
(Maqueen and Mackenzie, 1973). U-Pb detrital zircon places a maximum age constraint of <
1914 Ma, but the age is likely much younger (Rainbird et al., 1996). Due to the lack of regional
deformation that is observed in neighboring units of this age (i.e., the ca. 1.9 Coronaton
Supergroup), the absence of Grenville-aged detrital zircons (ca. 1300-950 Ma; Johansson et al.,
2022 and references therein), and seismic stratigraphic similarities (Cook and Maclean, 2004;
Cook and Maclean, 1995), the Proterozoic interval of Colville E-15 is suggested to correlate with
the ca. 1660-1270 Ma Dismal Lakes Group (Cook and Maclean, 2004; Rainbird et al., 1996;
Cook and Maclean, 1995). Ramped pyrolysis indicates variable but generally high thermal

maturation (Tmax 0f 435-560 °C) suggesting shales are mature to post-mature (Macauley, 1987).

Uinta Mountain Group— The Uinta Mountain Group is a 4-7 km thick sandstone- and shale-
dominated unit exposed in the Uinta Mountains of northeastern Utah (Hansen, 1965). Evidence
of subaerial exposure (e.g., mudcracks), and fluvial deposits, as well as interbedded shale and
sandstone marine deposits suggest a shallow inner shelf to marginal marine environment (Dehler
et al., 2005; Dehler et al., 2007). The Uinta Mountain Group is estimated to be peak mature,

estimated by thermal alteration index values of 2.5-2.8 (Sprinkel and Waanders, 2005).
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Analytical and Statistical Methods

Organic-walled microfossil (OWM) extraction

OWMs were extracted through acid maceration, either by Waanders Palynology
Consulting Inc. (Pennsylvania, USA) or by Laola Pty. Ltd. (now Core Labs, Australia). Five to
10 grams of each sample was washed in DI water to remove surface contamination, then
immersed in dilute HCI and left for 24 hours. This process was repeated until no reaction
occurred. Samples were then rinsed in distilled water to reach circumneutral pH, transferred to
polypropylene containers, and placed in 48% hydrofluoric acid to dissolve over several days.
Spent HF was decanted and the process repeated until the sample no longer reacted. The
insoluble organic residue was separated via heavy liquid (ZnBrz), concentrated by centrifuging,
and strew mounted on glass slides. Preservational quality was assessed using a Zeiss Axioskop

40 transmitted light microscope.

Documenting OWM preservational quality

Indices of preservational quality used in this study were developed by Woltz et a. (2021)
using features that can be observed in any microfossil and that relate to the level of deterioration,
for example, the density of pitting on the vesicle surface and the level of deterioration on wall
margin (c.f. Grey and Willman, 2009). A rank scale of 3 to 1, corresponding to excellent to poor
preservational quality, was implemented in a similar way to rank criteria that have been used to
track decay in modern experiments (e.g., Briggs and Kear, 1993; Bartley, 1996; Butler et al.,
2015). Criteria for the assignment of each rank (Table S2) and fossil examples (Figure S1) were

frequently reviewed during data collection to avoid observational biases. Microfossils received



the same rank for both criteria in 64% of the observations, and largely disagree—that is, where a
microfossil received a rank of 1 on pitting and 3 on margin deterioration or vice versa — in only
2% of the observations (in 69 of 3443 microfossil observations). Neither criterion correlated with
microfossil size, degree of fragmentation, or opacity, suggesting that criteria record
degradational processes during fossilization, rather than later thermal maturation or physical
breakdown during microfossil extraction. Grey and Willman (2009) attribute some pitting
features to microbial degradation. As indices used here positively correlate with the number of
taxa observed within a sample (Figure S2), they at least partially reflect the degree of microbial
degradation: greater microbial degradation will result in the elimination of taxa constructed from
more labile biopolymers and thus decrease the total number of taxa that are observed.

For each sample, 50 microfossils were selected by taking the surface area of the slide,
dividing its dimensions into a 5x4 grid, and selecting a starting grid by random number
generation. Every microfossil was rated in each field of view to avoid selection biases until 50
microfossils were observed. For samples with few microfossils, the entire slide was analyzed,
and every fossil was rated. Estimates on appropriate sample sizes for categorical data suggest
that observations between 29 to 59 can accurately (with 95% confidence) estimate the proportion
of microfossils receiving a rank of 3 even when they are relatively rare (composing 5 to 10% of
the population; Haidar et al., 2018). Although a larger sample size would undoubtedly reduce the
error in our measurements (and it would be necessary to represent relative abundance of different
species), we find that a sample size of 50 is sufficient for our purposes. A test using sample
SP12-69-16, from Woltz et al., (2021) suggests a sample size of 50 sufficiently captures sample-

level preservational quality, as the results from 100 microfossils were not significantly different



to those from 50 microfossils (using a two tailed student’s t-test, p = 0.84, p = 0.70 for index |
and I, respectively).

As the goal of this study was to collect population-level measurements of fossil quality,
common and undoubtedly polyphyletic species dominate the dataset, including Leiosphaeridia
spp. (n=1906), and Synsphaeridium spp. (h=166). A more targeted approach that seeks out
monophyletic species of interest would be necessary to collect enough observations for
statistically powerful comparisons. Future work should target particular species of interest to test
degradational/preservational relationships, as variation in their original organic compositions
would differentially impact their preservation (Manning-Berg et al., 2019; Manning-Berg et al.,

2022).

Statistical analyses

Multiple logistic regression analyses were conducted using the ‘stats’ package in R (R
Core Team, 2022) and were visualized using ‘ggplot2’ (Wickham, 2016). Since well-preserved
fossils are more likely to occur within the same shale samples (as they are taken from the same
population), the standard errors were corrected using cluster-robust variance estimations (i.e.,
sandwich estimation) with the ‘clubSandwich’ package (Pustejovsky, 2022; Zeger and Liang,
1986) and the significance of predictor variables (e.g. TOC and clay minerals) was evaluated
using cluster-robust Wald’s z-tests (type "CRO"; Pustejovsky, 2022). To illustrate differences in
uncertainty at the sample level, the proportion of well-preserved microfossils with Clopper—
Pearson 95% confidence intervals (which estimates confidence intervals for binomial
proportions; Thulin, 2014) were compared to TOC, total clay, illite and berthierine/chamosite

concentrations (Figure S5 and S6). For reference, multiple logistic regression lines are overlain



and show general agreement with many of the confidence intervals of the samples (at least in
relationships that are significant).

Lastly, bootstraped uncertainties for each variable were calculated using the Boot
function in the ‘car’ package (car: companion to applied regression; Fox and Weisberg, 2019)
and were plotted with ‘ggplot2’ (Wickham, 2016). Resampling was done at the sample level and

the significance of the coefficients agree with those calculated from the Wald’s z-tests (above).



Preservation Rank

Pitting Density

Margin Quality

Figure S1: Fossil examples of Leiosphaeridia spp. reproduced from Woltz et al. (2021) for each
rank of preservational quality. Specimens receive a rank of 3 to 1, corresponding to high quality
to low quality preservation for the indices of i) pitting density, and ii) margin quality. See Table
2 for a description of criteria. Scale bar is 15 um.
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Preservation

Rank

Density of Pitting

Margin Quality

randomly distributed and
perforations often merge
resulting in larger cavities.

High 3 Low to no pitting. Cell surface Cell/cyst margin is intact and exhibits the
is generally smooth — allows for | original fossil shape. No fraying.
minor pits and perforations.

Medium 2 Random distribution of pitting. Between one third and two thirds of the margin
Fine and irregularly shaped is intact and exhibits original fossil shape.
perforations. Portions of the margin appear distressed,

tattered, and small areas are missing leaving
cavities.

Low 1 High degree of pitting, Less than one third of the margin is distinct

and exhibits original fossil shape. Most of the
margin appears distressed, tattered, and areas
are missing leaving large cavities. Margin is
heavily frayed.

Table S2: Description of criteria reproduced from Woltz et al. (2021) used to rank the
preservational quality on a scale of 1 (poorly preserved) to 3 (well preserved).
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Figure S2: Consistent with processes of degradation, the number of species observed
positively correlates with the proportion of well-preserved microfossils measured by a)
the density of pitting and b) margin quality. Taxonomic information is from Porter and
Riedman, 2016; Riedman et al., 2014; Riedman and Porter, 2016; Sprinkel and
Waanders, 2005; and Woltz et al., 2021.
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Figure S3. Distribution of d-spacing of the 060 peaks of berthierine/chamosite (1.560-1572 A),

glauconite (1.510-1.519 A), celadonite (1.505-1.510 A), illite (1.494-1.506 A), and kaolinite
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Figure S4: Kendall’s rank correlation coefficients between predictor variables. Color

corresponds to the strength and direction of each correlation after using a Bonferroni correction.

Significant correlations are marked with an asterisk in the upper right corner.
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Figure S5: TOC and total clay concentrations compared to the proportion of well-preserved
fossils measured by a) Index I: density of pitting and b) Index Il: margin quality. The points are
the observed proportions of well-preserved microfossils and black vertical lines are estimates of
their 95% confident intervals based on the proportion of well-preserved fossils, number of
observations, and significance level (a = 0.05). Multiple logistic regression lines are included for
comparison.
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Figure S6: Illite and berthierine/chamosite concentrations compared to the proportion of well-
preserved fossils measured by a) Index I: density of pitting and b) Index II: margin quality. The
points are the observed proportions of well-preserved microfossils and black vertical lines are
estimates of their 95% confidence intervals based on the proportion of well-preserved fossils,
number of observations, and significance level (a = 0.05). Multiple logistic regression lines are
included for comparison.
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Figure S7: Multiple logistic regression models that use rescaled clay concentrations after the
removal of carbonate minerals from total rock composition. Illite positively correlates and
berthierine/chamosite negatively correlates with the probability of finding a well-preserved
microfossil according to a) Index I (orange) and b) Index Il (blue). Significance of predictor
variables was determined by the Wald’s z-test and relationships with p < 0.05 are marked with a
red asterisk. Gray shaded regions are the 95% confidence intervals calculated from cluster-robust
standard errors. Values of each shale sample are marked as black tick marks along each x-axis.
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clay fraction (rather than % of rock as in Figure 3 of the main text)—on preservational quality
according to a) Index I (orange) and b) Index Il (blue) using logistic regression analysis.
Significance of predictor variables was determined by the Wald’s z-test and relationships with p
< 0.05 are marked with a red asterisk. Gray shaded regions are the 95% confidence intervals
calculated from cluster-robust standard errors. Values of each shale sample are marked as black
tick marks along each x-axis.

18



a) Index |: density of pitting

0.751

Proportion of rank 3

0.00 1

0.50 1

S 0.751
. :
L ]
®

g %o ¢ 0.501
O“'c ‘

] . s
1o - 0.25
' Lo

.- hd

‘e 0.00-
0.0 0.2 0.4 0.6

2M1 / total illite

b) Index Il: margin quality

‘l
& °
N . .
.

[ ]
§ o°
| r

0.0 0.2 0.4 0.6
2M1 / total illite

Figure S9. The proportion of well-preserved microfossils within a) index | and b) index |1
compared with the ratio of 2M1 illite to total illite within each sample. No discernable pattern is

evident.

19



"SUOIRAUIIUOI [eJ3UIW pue
DO ‘S|1SS0J0401W paniasald Ajjood pue Aja1eiapowl “SA paAlasald-||am JO sJuUnod [1sso) ‘1un 2160j0ab ‘saweu ajdwes €S a|gel

TZ0T “lewzIoM  Apnissiys L0°0 9z T 8¢ 44 dnougiadns jo/Ag 95-909TL
1207 “|e®ZYOM  TTOZ “|edZoM  8¥'T 6¢ 1C 6€ 1T dnougiadns 10/Ag LTE-ETYTL
T20C “le@ oM Apnissiyy wt 6 € 1T T dnougiadns 10jAg PYC-ETYTL
TZ0T “lew@ oM Apnissiys 67°0 1€ 6T 124 9 dnougsadns jo/Ag YOT-€TVTL
120Z“|e®ZHOM  TTOZ “|e®ZHOM 20 LE €1 187 6 dnougiadns 1o/Ag ¥'96 ETYTL
TC0T“|e®ZYOM  TTOZ “|e®ZHOM TS0 €T L€ 9T 124 dnougiadns 10/Ag €Y6T-CIVTL
TZ0C "[RO Apnissiyy 0€°0 0t o€ 6¢ 1¢ dnoudsadns 10jAg L'EST-TTVTL
T20C “leW@ 70O Apnisssiyy GE0 0¢ o€ 1€ 8T dnougiadns 1o/Ag 0'6ET-CTVTL
Apnis siya Apnis siyy 4N} 0t oY 91 123 dnoudisadns 10|Ag ¥'¥8 S09T MS
Apnis siya TC0T “le®ZHOM  TE0 49 8¢ LT €€ dnoudsadns jojAg €°€9 G09T MS
Apnis siya Apnis siya [4400) €1 L€ 8T [43 dnoudsadns 1ojAg L'TTSO09T MS
Apnis siya Apnis siyy 870 6 187 1€ 6T dnougiadns 10/Ag V9 09T MS
Apnis siya Apnis siyy 10 1T 6€ 1€ 6T dnougsadns jo/Ag S'8S 09T MS
Apnis siya Apnis siyy 10 0t o€ 1€ 6T dnoudsadns jojAg VT € 09T MS
T20C “leW@ oM Apnisssiyy 6€°0 9T 143 €T X4 dnougiadns 10/Ag 9'TTT ¥09T MS
T20C “le@ oM Apnissiyy €€°0 1T 6€ 9t 24 dnoudisadns 10jAg 0'T8T 09T MS
T20Z “[e@ZYOM  TTOZ “[e®ZOM  0F'0 49 8¢ 1 143 dnougsadns jojAg ¥'9/T ¥09T MS
TZ0T “lew 7o Apnissiy €2°0 9 4% x4 €T dnougsadns jo/Ag 9T #09T MS
TC0T“|e®ZYOM  TTOC “1e®ZHOM  90°0 6¢C 1C S€E ST dnougiadns 10/Ag T'ZST ¥09T MS
TC0T“|B®ZHOM  TTOZ “Ie®ZHOM  £L0°0 L 14 9 S dnoudiadns jojAg 9'6¥T ¥09T MS
TZ0T “lew@7IoM  Apnissiy L0°0 8 LT 1T vT dnoudsadns 1ojAg L'9%T ¥09T MS
10z “lewzyom  Apnissiyy SC°0 ST S€ €€ LT dnougiadns 10/Ag T'SPT ¥09T MS
TC0T "B ZYOM  TTOZ " ZHOM  0L'T ST S€E 143 9T dnoudsadns jojAg €9 SOVT OMd
T20Z “[e@ZYOM  TTOZ “[e®ZIOM  TT'0 €T LE 8T [44 dnosdsadns oA 0°L¥E SOVT IMd
TZ0T “lew@ oM Apnissiys 60°0 1T 144 €1 0t uonewlod esuoAauy ' TTHT T-e4e|lep
T20C “le@ oM Apnissiyy €20 LT 44 61 0¢ uonewJod esuohAary 9T°'£1S S0Yg
10T “le@zyoM  Apnissiyy 60°0 8 1T ST 1% uoljew.o4 esuoAalry 9'€6¥ 5044
TZ0T “lew@ oM Apnissiy f4N0} LT 0t €T ¥ uonewod eguohary ¥'68% 5049
120Z “|B®ZYOM  TTOZ “|e®ZIOM /9T 6€ 0t 137 9 uolew.of eyjjedy v € y0ET T-ete|lep
TC0C "W ZOM  TTZOT “|ed@zHoM  £8'0 6€ 1T 8¢ ¥ uoiew.od BYjedY 6 TOET T-BJe|leM
T20Z “|e@ZHOM  TTOZ “|edZIOM  86°0 of ot 1¢ 8 uoljew.od exjjedy  {"00€ET T-eJe|lepy
T20C "W ZOM  TZOT“|B®ZIOM  ST'T w 8 6¢ S uoljew.Od BYjBJY  §86TT T-BJe|leM
120Z “|e@ZHOM  TTOCZ “|e®ZIOM  €£°0 14 ¥ € € uoljew.od eyjjedyY  $°98ZT T-eJe|lep
TZ0Z “lE®ZIOM  TTOT “|e®ZHOM  +¥9°0 9¢ ST 6T 14 uoljewod exjely  §'8¢T T-ee|lep
T20C "W ZIOM  TZOT“|E®ZIOM  8T'T 43 81 w 8 dnoug puea9ipuy 6T pue|jusain
T20Z “|e@ZHOM  TTOZ “|e®ZIOM  LT'0 vT 9¢ 81 43 uoew.oH eAuly T4°S9CT T-S919
120Z “|e®ZHOM  TTOZ “|e®ZIOM €S0 0¢ o€ 1€ 6T uonew.od eAully £S°G9CT T-S9|19
T20Z "R ZOM  TZOZ“[B®ZIOM  0T'T 2 9¢ 61 1€ uonew.od eAully 9%°59¢T T-S9|19
TZ0T “le@ oM Apnissiy S0°0 €T VX4 Vx4 €T uolew.o eAully €4°/STT T-S9I1D
Apnis siya Apnis siyy 810 €T L€ LT €€ uonew.od eAully 9°GSZT T-9|19
120Z“|e®ZYOM  TTOZ “[ed®ZIOM  TO'T 44 8¢ S€ ST uonew.od eAully SP'GSZT T-S91D
T20C "W ZOM  TTZOT“|BWZIOM  00°C S 0 1% T uonew.od eAully 0'¥¥ZT T-S3I19
1207 “|e@ZYOM  TTOZ “|e®ZIOM  TZ'0 LT 81 LT 8T uonew.od eAully L TYTT T-S9119
T20C “[eW@W 70 Apnissiy) 110 1C 6¢ 9t 124 uolew.od eAuly YL LETT T-S9I1D
EXEYETEYRYeE CRTEIETEY] (%Im) D01 uun d18o0j09n @i 9 dwes

uoljenlasald

20




T20T "€ 19 oM Apnis siyy 9€0 ST LT 0¢ [4" J10Z0J33104d pajenuaJsayipun L89S ST-3 9||IA|0D
120 “|e 18 Z}oM\ Apnis siyy 8¢C°0 0T [44 vT 8T 3107043104 paienuasajipun  ¢eyS ST-39||IA10D
1202 “|e 1@ Z}oM Apnis siy} 870 T 6 ST 43 21020433044 PRILIIUBIBHIPUN  9ETS ST-I 9||IA0D
T20T e 19 Z3]OM Apnis siyy (440} LT €€ 143 9T J10Z0J3310.d pajenuaJayyipun  08TS ST-3 9||IA[0D
120T “|e 19 2210 10T “|e1®ZYOM  8€0 6 LT o€ 91 210204210.d palenuasayipun  STTS ST-39IIA0D
Apnis siyy Apnis siya (4] € 9 9 € 31020493104 pajenualafyipun  0¢Ly ST-39|IIAN0D
500 S19PUEEM Apnas siya ¥9°0 4 €¢ TC 1 dnouo uleunoA eiuin €-TOTO0THYM
pue [yulds
£00T “|e W 491Yy2a TCoz “|e® oM 8T°0 6T 123 144 9¢ dnoug uiejunol eyuin S¢-9€0dy
£00T “|e W J91Yy2a TC0C “[e®ZIOM  ST'0 6T 1€ €C LT dnoug uiejunol eyuin €9-V10dYy
£00T “1e 19 J31y=a TC0C “[e®ZIOM  LT0 9¢C 144 T€ 6T dnoug ulejunol exuin 0S-VT0dy
120C “|e 18 Z}oM\ Apnas siyy 0€0 9T L 6T 14 uonewJod |iH As|de L €L°68CT MADS
STOZ “|e 3@ uuewzuny Apnissiyy 0€'0 71 9¢ [44 8¢ uollew.o4 19||3f§81aquens €8 TLYVO
STOT “[e 32 uuewzuny Apnis syl SE0 TC 6¢C 124 9¢C uornew.o4 13|[3fj81aquens T9TLVD
Apnis siyy Apnis siyy T€0 ST S€ 8T [43 2U0lSaWIT USSOT z-Aejsi
20T “|e 3@ 230 TT0T “|e® oM €8'C 14 T 9¢ 0 dnoug Jseny) TEIBM
120T “|e 18 Z}oM\ Apnas siyy 6T°0 8 (474 €T LE dnoup senyd SCL-€9-LTML
20T “|e 3@ 230 10T “Ie®ZIOM €70 8T [43 [44 8¢ dnoug Jseny) €CL-€9-LTML
120 “|e 12 Z}oM Apnas siyy ST0 8 (474 €T LE dnoup senyd 0C1-€9-LTML
120 “|e 1@ Z}oM Apnis siya LT°0 S 74 ST 13 dnoug Jeny) PTL-€9-LTML
120C “|e 18 Z}oM TT0C “Ie®ZYOM  80°T 8¢ 4 8¢ 8 dnoug seny) TL-€9-LTML
T20T “|e 1@ Z}oM Apnis siyy T€0 9 %44 T 8¢ dnoug Jeny) LI-€9-LTML
120C “|e 1@ Z}oM Apnis siyy ST0 0T (014 LT €€ dnoup senyd Yr-€9-LTML
120 “|e 1@ Z}oM Apnas siya ¥T°0 VT 9¢ €T LE dnoup senyd STI-€9-LTML
Apnas siyy 6T T€ (44 8¢ dnoug seny) TTI-€9-LTML
20T “|e 3@ 230 TC0T “|e® oM 8E'T 144 9¢ 143 9T dnoug seny) 8C-€9-¥1dS
120 “|e 1@ Z}oM Apnis siyy L0°0 574 L (4 T dnoug Jeny) SC-€9-Y1dS
S00¢ “|e 2 J31y=Qq TZ0Z “|e®ZYOM  TT'0 9¢ ST (014 TT dnoug Jeny) L-€S-YTdS
T20C “|e 18 Z}oM Apnis siyy LE0 [44 8¢ [43 8T dnoug seny) 9-€9-¥T1dS
120T “|e 1@ Z}OM Apnis siya 1270) 0¢ (0] 74 S¢ dnoug Jenyd ¥-€S-¥TdS
120 “|e 18 Z}oM\ TT0Z “le®ZHOM  OF'T S€ 9T 143 L dnoup senyd €-€5-CTdS
120 “|e 1@ Z}oM TZ0Z “|e®ZYOM 600 TE 6T €€ LT dnoug Jeny) LT-€S-CTdS
120T “|e 3@ 230 TC0T “|e®2YOM  LL'E 8¢ € 6¢C 4 dnoug seny) S'S9T YMVY
1202 “|e 1@ Z}oM TZ0Z “|e®ZYOM  9T'T TE 6T 6€ TT dnoug Jeny) LYT VMY
120C “|e 18 Z}oM TT0C “|e®ZYOM  78'T LE €T 8¢ [4" dnoup senyd SYZ VMV
EXUEYETE Yo 1N EXIEYETEY (%) D01 ‘T =uidiew € = uiSiew 2 ‘T =8unud € =8unud 1un 21801039 @il @|dwes
uoneniasald 3UNO? |I1SSO4 3UNOD |ISSO4 JUNOD |ISS04 3UNO? |ISSO4

21



v'ES 00 00 9¢ 00 0LS 9'€6 00 00 v'9 00 95-909TL
00 00 00 0'S 00 0's 00 00 00 0°00T 00 LTE-ETPTL
6L 00 00 12T 00 00z S'6€ 00 00 509 00 YYT-€TYTL
0'ST 00 00 00 00 0'ST 0°00T 00 00 00 00 YOT-€TVTL
89 00 TSy 00 00 0TS T€T 00 698 00 00 ¥'96 ETVTL
1SS 00 00 6C 00 0°'8S 0'S6 00 00 oS 00 €Y6T-CIVTL
089 00 00 00 00 0'8S 0°00T 00 00 00 00 L'EST-TIVTL
(437 00 00 g€ 00 0'SY 9'16 00 00 v'8 00 0'6ET-TTIVTL
00 00 0'LE 00 00 0LE 00 00 0°00T 00 00 7’78 S09T MS
78S 00 00 00 8'€ 029 6'€6 00 00 00 19 €°€9 S09T MS
0'8L 00 00 00 00 0'8L 0°00T 00 00 00 00 £'TT SO9T MS
0'6¥ 00 00 00 00 0'6v 0°00T 00 00 00 00 V9 ¥09T MS
0£9 00 00 00 00 0£9 0°00T 00 00 00 00 S°8S ¥09T MS
oL 00 00 00 00 ovL 0°00T 00 00 00 00 V'€ ¥09T MS
0TL 00 00 00 00 0TL 0°00T 00 00 00 00 9'12Z ¥09T MS
08¢ 00 00 00 00 08¢ 0°00T 00 00 00 00 0'T8T ¥09T MS
¥'99 00 00 9¢ 00 069 96 00 00 8¢ 00 ¥'9LT ¥09T MS
079 00 00 00 00 029 0°00T 00 00 00 00 9T ¥09T MS
S'EY 00 00 00 S01 0'vS 508 00 00 00 S'61 T°ZST ¥09T MS
¥'9€ 00 00 00 91T 0'8Y 6'SL 00 00 00 74 9'67T ¥09T MS
L0T 00 00 00 €S 09T 119 00 00 00 6'C€ L°9%T ¥09T MS
0'SY 00 00 00 00 0'SY 0°00T 00 00 00 00 T°SYT ¥09T MS
6'SS 00 00 00 19 029 06 00 00 00 86 7€9 SOVT IMd
0TL 00 00 00 00 0TL 0°00T 00 00 00 00 0°'L¥E SOYT IMd
STy 00 00 00 S8 015 v'€s 00 00 00 99T TTTYT T-eiRem
1€ 00 00 00 61T 0'SY S'€L 00 00 00 59z 9T°LTS SoNd
9'sS 00 00 00 VL 0°€9 7’88 00 00 00 8'TT 9°€6¥ S0Yg
0°0€ 00 00 00 oY 0'vE 188 00 00 00 61T ¥'68% S04
01v 00 00 00 06 005 618 00 00 00 18T V €' 70€ET T-ese|lem
1°9¢ 00 00 00 671 0'6v L'EL 00 00 00 €9¢ 6'TOET T-eJelleM
€LY 00 00 00 LYT 029 €9. 00 00 00 L€ ¥'00€T T-elejlem
8'LE 00 00 00 8 0’9t '8 00 00 00 8LT G'86¢CT T-elejlepy
¥'0S 00 00 00 9'9 0'LS ¥'88 00 00 00 9'TT ¥'982T T-elejlepm
£0¢ 00 00 00 Lt 0'€T ¥'88 00 00 00 91T ¥'¥8TT T-eJejlep
00 00 0's9 00 00 0's9 00 00 0°00T 00 00 6T puejusain
€€e 00 00 00 L8 0z T6L 00 00 00 8'0¢ 1£°S9TT T-S319
S'€g 00 00 00 S'S 0'6S L'06 00 00 00 €6 £S°S9TT T-S919
0'89 00 00 00 00 0'89 0°00T 00 00 00 00 9t°59¢T T-S319D
(414 00 00 00 80T 0ze 799 00 00 00 8'€€ €/°LSTT T-S3ID
997 00 00 00 ¥'9 0'€S 6'L8 00 00 00 1T 9'GSTT T-S9I19
005 00 00 00 00 0°0S 0°00T 00 00 00 00 St SSTT T-S9|19
€01 S'9 00 00 TSt 0'z€ [Ar43 €0¢ 00 00 S'Ly 0'v¥ZT 1-S9119
9'9¢7 00 00 00 v'01T 0'LE ozL 00 00 00 0'8¢ TLTYTT 1-S3I19
%3 00 00 00 LTT 097 9vL 00 00 00 ¥'ST ¥ LETT T-S3I1D

(%) auIll (%) @uuijoey (%) auuope|ad (%) ayuodne|s (%) auuaiyuag (%) Aepd jeroL anne|as anne|as anne|as anne|as anneju al 3|dwesg

(%) au11 (%) anuijoey (%) anuope|da) (%) anuodne|n (%) suuaiyuag

5901 |30} JO JUIAd

Aepd |e101 03 BANE|D1 JUIIID

22



9°0¢ 00 00 v's 00 092 6L 00 00 607 00 £85S ST-33|IIN0D
0°0S 00 00 00T 00 009 v'€s 00 00 99T 00 TS ST-331I1M0D
0'6S 00 00 00 00 0'6S 0°00T 00 00 00 00 9€£7S ST-33|I1A0D
0'v¢ 00 00 00 00 0z 0°00T 00 00 00 00 08TS ST-33IIIA0D
0'€L 00 00 00 00 0'€L 0°00T 00 00 00 00 STTS ST-33IA0D
099 00 00 00 00 099 0°00T 00 00 00 00 0TL¥ ST-33IIIN0D
0'69 00 00 00 00 069 0°00T 00 00 00 00 €-TOTO0TYM
0°0L 00 00 00 00 00L 0°00T 00 00 00 00 S7-9€0dY
0L 00 00 00 00 0L 0'001 00 00 00 00 £9-V10dY
092 00 00 00 00 09L 0°00T 00 00 00 00 0S-VYT0dY
8'IY 00 00 00 el 0°'SS 09 00 00 00 0've €£°68ZT MADS
0TL 00 00 00 00 0TL 0°00T 00 00 00 00 €8 TLYD
00 00 0'€9 00 00 0°'€9 00 00 0°00T 00 00 T'9TLYD
00 ¥'0 9'vy 00 00 0°'SY 00 80 66 00 00 z-Aeys|
L0S €8 00 00 00 0°'6S 0'98 vl 00 00 00 T€1em
009 00 00 00 00 009 0°00T 00 00 00 00 STL-€9-LTML
19 00 00 00 6T 0°'6S 1°56 00 00 00 6 €7L-€9-LTML
0LL 00 00 00 00 0LL 0°00T 00 00 00 00 07L-€9-LTML
0TL 00 00 00 00 0TL 0°00T 00 00 00 00 YTL-€9-LTML
[ 00 00 00 86 0Ty 09z 00 00 00 01T TL-€9-/TML
8'1C Tt 00 00 00 0°€E 1°99 6€E 00 00 00 LI-€9-LTML
LSy €S 00 00 00 0'6% 168 60T 00 00 00 Pr-€9-LTML
T°€€ 6'67 00 00 00 0°'€9 9'7s VLY 00 00 00 STI-€9-LTML
59z S'81 00 00 00 0'St 6'8S T1iv 00 00 00 TTIM-€9-LTML
9:9¢ v'LT 00 00 00 0'vS 8L9 (443 00 00 00 87-€9-¥TdS
(1§47 00 00 00 00 (1§47 0°00T 00 00 00 00 ST-€9-¥TdS
TLT 8°0v 00 00 00 0°'8S 9'6¢ v'oL 00 00 00 L-€S-¥TdS
1°ST 6'SE 00 00 00 0’19 T 885 00 00 00 9-€5-¥TdS
0°'LS 00 00 00 00 0°'LS 0°00T 00 00 00 00 v-€S-¥TdS
o'oY 00 00 00 00 0°0v 0°00T 00 00 00 00 €-€5-21dS
06T 00 00 00 00 06T 0'001 00 00 00 00 LT-€5-2TdS
1°S€ 67T 00 00 00 0°0S ToL 8'6¢ 00 00 00 §'S97 VMY
0'6€ o€ 00 00 00 0L TS 8'SY 00 00 00 LYTYMY
Ty 6'6€ 00 00 00 078 v'1S 98y 00 00 00 SYT VMY

(%) auill (%) amuijoey (%) aruopejad (%) auuodne|n (%) suumaiyuag (%) Aepd jeroL anne|as anne|as annejal annejal al ajdwes

(%) a1 (%) @uijoen (%) anuoped) (%) duuodne|o (%) suuaiyuag

3904 €10} JO JUI3d

Aepo |e101 01 aAne|24 JUIIIDY

23




000

000

000
[440)
000
000
000
000
000
000
00
000
000
100
000
800
000
000
000
700
L0°0
000
L0°0
c00
000
€T°0
600
v1°0
v1'0
0T'0
10
000
000
600
00
800
600
ST0
000
000
800

7'€s
0’0

8'S

81
S'9

0'vS
S'0S
L'EE
0’0

S99
0'8L
0’6y
0°£9
o'vL
0'TL
v'ece
99
6°8S
v'ov
9've
9'L

0'sv
€99
0'TL
T'6¢€
T'6¢
€'€s
9'LT
L'6€
T's¢€
S'vy
€'9¢
€87
T'61
00

6'T€
S'€S
0'89
9'v1
6'Cy
0'0S
'8

0'0¢
S'6¢C

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
1)
00
00

00
00
00
00
6'C
00
00
00
[
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
0's
00
00
00
00
00
00
00
00
0’0

14

€

9

9'¢
L'E
8'8
00
00
6'C
00
T'e
00
00
00
00
00
00
00
00
9'¢
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

00
00
00
00
00
00
00
00
00
L€
00
00
00
00
00
00
00
00
8'6
0'TT
L'E
00
09
00
8'L
S0T
L
L'E
8'8
ST
8'€T
6'L
v'9
S'C
00
'8
S'S
00
S'L
6'S
00
6'TT
8'L
00T

00
0'L¢
0'L¢
0T
0'S
0'¢
0'€tT
0'8T
09T
0'€
00
00
0’0
00
00
0'ST
00
0's
0L
0's
0'6¢
0’0
0’1
00
0’8
o'ct
o'y
0’8
0'€
0'€
09
(V74
o'y
0’9
00
0P
00
00
0'1€
0’8
00
0'¢e
0's¢
o'Vl

0°LS
L'E

91
81
v'ev
8'99
S'0S
8'9¢
[A %3
T°09
0'8L
0’6y
0°£9
ovL
0'TL
v'ce
0'69
689
¢'0S
9'Svy
A
0'st
7’19
0'TL
691
S'6¢€
S'09
€'T1€e
S'8v
S'Ly
€'89
[ 4%
L'VS
9'1¢
0'99
€0
0'6S
0'89
T'cc
8’81
0'0S
0°s¢
8'LT
9'6¢€

95-909T1L
LCE-ETVTL
Yre-ETVTL
VOT-€TVTL
7’96 €ETVTL
€v6T-CIvIl
L'EST-CTIVTL
0'6€ET-CIVTL
7’78 S09T MS
€€9 S09T MS
L'TTSO09T MS
V9 ¥09T MS
S'8S9 V09T MS
V'€ V09T MS
9'TCC V09T MS
0'T8T ¥09T MS
V9.1 ¥09T MS
9T ¥09T MS
T'¢ST V09T MS
9'6vT ¥09T MS
L'9Y7T V09T MS
T'SYT ¥09T MS
¢€9 S0VT OMd
0°/Lv€ SOVT DM
CTTVT T-eJejiem
9T°LTS S044
9'€6¥ S04d
¥'68¥ S04dd

V €V0ET T-.lejlep

6 TOET T-eJejem
¥"00€T T-edejjem
§'862T T-leflepn
¥"987T T-edejjem
v ¥8TT T-edejlem
6T puejuaaln
T£°S92T T-S3|19
£5'59ZT T-59]1D
9%°59ZT T-59]19
€4°'LSTT T-S9|ID
9°55ZT T-59I1D
S¥'SSTT T-59IID
0¥ 1-59119
7L THTT T-S9)ID
VL LETT T-591D

aH|!
1e10} / TINIT

9jeuoq.ed ou

(%) a1

ajeuoq.ed ou
(%) @uijoey

ajeuoqJied ou

ajeuoq.ed ou

(%) auuope|a) (%) suuodne|o

ajeuoq.ted ou
(%) auuaiyuag

(%) @aeuoque)

(panowau
?jeuoqsed) Aep |ero

@l 9jdwes

24




00°0 9'0¢ 00 00 'S 00 00 0'9¢ £89S ST-339IINOD
S0°0 0°0S 00 00 oot 00 00 0'09 ¢CyS ST-390IIN0D
000 0'6S 00 00 00 00 00 0'6S 9€¢S ST-33IIN0D
00°0 0've 00 00 00 00 00 o've 08TS ST-339IIM0D
SO0 0'€L 00 00 00 00 00 0'€L STTS ST-339IIIA10D
900 7'€9 00 00 00 00 oY v'€9 0¢Ly ST-33IINOD
80°0 0'69 00 00 00 00 00 0'69 €-TOTOOTYM
6C°0 0'0L 00 00 00 00 00 0'0L §¢-9€0dy
0T0 o'vL 00 00 00 00 00 ovL €9-V10dd
€00 09, 00 00 00 00 00 09, 0S-V10dd
AN LE 00 00 00 81T 0Tt o'6v €L°68CT MADS
700 0'TL 00 00 00 00 00 0'TL €8TLYO
000 00 00 0°€9 00 00 00 0'€9 T9TLYD
850 00 7’0 9'vy 00 00 00 0'svy z-Aeis|
700 £°0S €8 00 00 00 00 0'6S TEeM
€00 009 00 00 00 00 00 0°09 SCL-€9-LTML
SO0 199 00 00 00 6'¢C 00 0'6S €C1-€9-LTML
000 0'LL 00 00 00 00 00 0'LL 0C1-€9-LTML
00°0 0'TL 00 00 00 00 00 0'TL VT1L-€9-LTML
000 [ANA3 00 00 00 8'6 00 0Ty TL-€9-LTML
¢00 8'T¢ [N 00 00 00 00 o'€e LI-€9-LTML
SO0 L'EY €S 00 00 00 00 o6y Pr-€9-LTML
€00 T'€€ 6'6¢C 00 00 00 00 0°€9 STr-€9-LTML
S0°0 §'9¢ S'8T 00 00 00 00 0'svy TTI-€9-LTML
000 9'9¢ A 00 00 00 00 0'vS 8¢-€9-¥1dS
000 (47 00 00 00 00 00 ocy SC-€9-V1dS
00°0 LT 80 00 00 00 00 0'8s L-€S9-VTdS
900 T's¢ 6'S€ 00 00 00 00 0’19 9-€G-¥TdS
SO0 0°LS 00 00 00 00 00 0'LS V-€5-v1dS
00°0 ooy 00 00 00 00 00 ooy €-€5-C1dS
000 06T 00 00 00 00 00 o6t LT-€S-CTdS
¢00 T's€ 6'vT 00 00 00 00 0'0S S'S9C VMV
80°0 0'6€ 0'€e 00 00 00 00 o0'¢L LYT VNV
€00 Ty 6'6€ 00 00 00 00 0'¢8 SV VMV

9}l||! 9jeuoqgJed ou gjeuoq.ied ou QjeuoqJed ou 9jeuoq.ed ou 9jeuoqJied ou A.X; Qjeuoqie) A3w>OEwL al G_QEmm

le101 / TINZ

(%) 2111

(%) @utjoey (%) axuopejay (%) anuoane|o

(%) suuaiyuag

9leuoqJed) Aep |erog

25



References

Bartley, J. K., 1996, Actualistic taphonomy of cyanobacteria; implications for the Precamrbian
fossil record Palaios, v. 11, no. 6, p. 571- 586.

Briggs, D. E. G., and Kear, A. J., 1993, Decay and preservation of polychaetes: taphonomic
thresholds in soft-bodied organisms: Paleobiology, v. 19, no. 1, p. 107-135.

Butler, A. D., Cunningham, J. A., Budd, G. E., and Donoghue, P. C., 2015, Experimental
taphonomy of Artemia reveals the role of endogenous microbes in mediating decay and
fossilization: Proceedings of the Royal Society B v. 282, no. 20150476, p. 1-10.

Cook, D. G., and MacLean, B. C., 1995, The intracratonic Paleoproterozoic Forward orogeny,
and implications for regional correlations, Northwest Territories, Canada: Canadian
Journal of Earth Sciences, v. 32, no. 11, p. 1991-2008.

Cook, D. G., and MacLean, B. C., 2004, Subsurface Proterozoic stratigraphy and tectonics of the
western plains of the Northwest Territories: Geological Survey of Canada, Bulletin v.
575, p. 1-85.

Dehler, C. M., Elrick, M., Karlstrom, K. E., Smith, G. A., Crossey, L. J., and Timmons, J. M.,
2001, Neoproterozoic Chuar Group (~ 800-742 Ma), Grand Canyon: A record of cyclic
marine deposition during global cooling and supercontinent rifting: Sedimentary
Geology, v. 141, p. 465-499.

Dehler, C. M., Gehrels, G., Porter, S., Heizler, M., Karlstrom, K., Cox, G., Crossey, L., and
Timmons, M., 2017, Synthesis of the 780-740 Ma Chuar, Uinta Mountain, and Pahrump
(ChUMP) groups, western USA: Implications for Laurentia-wide cratonic marine basins:
Geological Society of America Bulletin, v. 129, no. 5-6, p. 607-624.

Dehler, C. M., Fanning, C. M., Link, P. K., Kingsbury, E. M., and Rybczynski, D., 2010,
Maximum depositional age and provenance of the Uinta Mountain Group and Big
Cottonwood Formation, northern Utah: Paleogeography of rifting western Laurentia:
Geological Society of America Bulletin, v. 122, no. 9-10, p. 1686-1699.

Dehler, C. M., Porter, S. M., De Grey, L. D., Sprinkel, D. A., and Brehm, A., 2007, The
Neoproterozoic Uinta Mountain Group revisited; a synthesis of recent work on the Red
Pine Shale and related undivided clastic strata, northeastern Utah, U. S. A: Special
Publication - Society for Sedimentary Geology, v. 86, p. 151-166.

Dehler, C. M., and Sprinkel, D. A., 2005, Revised stratigraphy and correlation of the
Neoproterozoic Uinta Mountain Group, northeastern Utah: Utah Geological Association
Publication, v. 33, p. 17-30.

Dempster, T. J., Rogers, G., Tanner, P. W. G., Bluck, B. J., Muir, R. J., Redwood, S. D., Ireland,
T. R., and Paterson, B. A., 2002, Timing of deposition, orogenesis and glaciation within
the Dalradian rocks of Scotland: constraints from U—Pb zircon ages: Journal of the
Geological Society, v. 159, no. 1, p. 83-94.

Fox, J., and Weisberg, S., 2019, An R Companion to Applied Regression, Thousand Oaks CA,
Sage.

Fustic, M., Ardakani, O. H., Jiang, C., Turner, E., Mort, A., and Sanei, H., 2017: Preliminary
petroleum potential and organic matter characterization of the Mesoproterozoic upper
Arctic Bay Formation (black shale) at Shale Valley Central, Northern Baffin Island,
Nunavut, Canada, in proceedings from the Gussow Reseach Conference, p. 8-11.

26



Gaines, R. R., Hammarlund, E. U., Hou, X., Qi, C., Gabbott, S. E., Zhao, Y., Peng, J., and
Canfield, D. E., 2012, Mechanism for Burgess Shale-type preservation: Proceedings of
the National Academy of Sciences, v. 109, no. 14, p. 5180-5184.

Gibson, H. J., Duddy, I. R., Ambrose, G. J., and Marshall, T. R., 2005, Regional perspectives on
new and reviewed thermal history data from central Australian basins, Central Australia
Basins Symposium: Alice Springs, Australia, p. 11-35.

Gibson, T.M., Worndle, S., Halverson, G.P., Agi¢, H., Lamothe, K.G., Rainbird, R.H. and
Skulski, T. 2017: Composite strati graphic section of exceptionally exposed middle Bylot
Supergroup car bon ate rocks along Tremblay Sound, northwestern Baffin Island,
Nunavut; in Summary of Activities 2017, Canada-Nunavut Geoscience Office, p. 81-92.

Gibson, T. M., Shih, P. M., Cumming, V. M., Fischer, W. W., Crockford, P. W., Hodgskiss, M.
S. W., Worndle, S., Creaser, R. A., Rainbird, R. H., and Skulski, T. M., 2018, Precise age
of Bangiomorpha pubescens dates the origin of eukaryotic photosynthesis: Geology, V.
46, no. 2, p. 135-138.

Gravestock, D.I. and Morton, J.G.G., 1997, Source rock distribution and quality, in Morton,
J.G.G., and Drexel, J.F., eds., The Petroleum Geology of South Australia. Vol 3: Officer
Basin. South Australia: Department of Mines and Energy Resources, Report Book, 97/19,
p. 99-108.

Grey, K., Walter, M. R., and Calver, C. R., 2003, Neoproterozoic biotic diversification:
Snowball Earth or aftermath of the Acraman impact?: Geology, v. 31, no. 5, p. 459-462.

Grey, K., and Willman, S., 2009, Taphonomy of Ediacaran acritarchs from Australia:
significance for taxonomy and biostratigraphy: Palaios, v. 24, no. 4, p. 239-256.

Haidar, A. T., Al-Hakim, A., and Zhang, Z., 2018, Sample size for concurrent species detection
in a species-rich assemblage: arXiv:1804.11226, p. 1-17.

Halliday, A. N., Graham, C. M., Aftalion, M., and Dymoke, P., 1989, The depositional age of the
Dalradian Supergroup: U-Pb and Sm-Nd isotopic studies of the Tayvallich Volcanics,
Scotland: Journal of the Geological Society, v. 146, no. 1, p. 3-6.

Halverson, G. P., Dudas, F. O., Maloof, A. C., and Bowring, S. A., 2007, Evolution of the
87Sr/86Sr composition of Neoproterozoic seawater: Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 256, no. 3-4, p. 103-129.

Halverson, G. P., Hoffman, P. F., Schrag, D. P., Maloof, A. C., and Rice, A. H. N., 2005,
Toward a Neoproterozoic composite carbon-isotope record: Geological Society of
America Bulletin, v. 117, no. 9-10, p. 1181-1207.

Halverson, G. P., Kunzmann, M., Strauss, J. V., and Maloof, A. C., 2018, The Tonian-
Cryogenian transition in Northeastern Svalbard: Precambrian Research, v. 319, p. 79-95.

Hansen, W. R., 1965, Geology of the Flaming Gorge area, Utah-Colorado-Wyoming: US.
Geological Survey, Professional Paper, 490.

Hill, A. C., Haines, P. W., and Grey, K., 2011, Neoproterozoic glacial deposits of central
Australia: Geological Society, London, Memoirs, v. 36, no. 1, p. 677-691.

Hoffman, P. F., Halverson, G. P., Domack, E. W., Maloof, A. C., Swanson-Hysell, N. L., and
Cox, G. M., 2012, Cryogenian glaciations on the southern tropical paleomargin of
Laurentia (NE Svalbard and East Greenland), and a primary origin for the upper Russgya
(Islay) carbon isotope excursion: Precambrian Research, v. 206, p. 137-158.

Jackson, G. D., and lannelli, T. R., 1981, Rift-related cyclic sedimentation in the Neohelikian
Borden Basin, northern Baffin Island: Geological Survey of Canada Paper 81-10, p.
269-302.

27



Johansson, A., Bingen, B., Huhma, H., Waight, T., Vestergaard, R., Soesoo, A., Skridlaite, G.,
Krzeminska, E., Shumlyanskyy, L., Holland, M. E., Holm-Denoma, C., Teixeira, W.,
Faleiros, F. M., Ribeiro, B. V., Jacobs, J., Wang, C., Thomas, R. J., Macey, P. H.,
Kirkland, C. L., Hartnady, M. I. H., Eglington, B. M., Puetz, S. J., and Condie, K. C.,
2022, A geochronological review of magmatism along the external margin of Columbia
and in the Grenville-age orogens forming the core of Rodinia: Precambrian Research, v.
371, p.1-43.

Kendall, B., Creaser, R. A., Gordon, G. W., and Anbar, A. D., 2009, Re—Os and Mo isotope
systematics of black shales from the Middle Proterozoic Velkerri and Wollogorang
formations, McArthur Basin, northern Australia: Geochimica et Cosmochimica Acta, v.
73, n0. 9, p. 2534-2558.

Kendall, B., Creaser, R. A., and Selby, D., 2006, Re-Os geochronology of postglacial black
shales in Australia: Constraints on the timing of “Sturtian” glaciation: Geology, v. 34, no.
9, p. 729-732.

Kunzmann, M., Halverson, G. P., Scott, C., Minarik, W. G., and Wing, B. A., 2015,
Geochemistry of Neoproterozoic black shales from Svalbard: Implications for oceanic
redox conditions spanning Cryogenian glaciations: Chemical Geology, v. 417, p. 383-
393.

Lillis, P. G., 2016, The Chuar Petroleum System, Arizona and Utah, in Dolan, M. P., Higley, D.
K., and Lillis, P. G., eds., Hydrocarbon source rocks in unconventional plays, Rocky
Mountain Region: Denver, CO, The Rocky Mountain Association of Geologists, p. 79-
137.

Lindsay, J. F., 1989, Depositional controls on glacial facies associations in a basinal setting, Late
Proterozoic, Amadeus Basin, Central Australia: Palaeogeography, Palaeoclimatology,
Palaeoecology, v. 73, p. 205-232.

Macauley, G., 1987, Organic geochemistry of some Cambrian-Proterozoic sediments, Colville
Hills, Northwest Territories: Geological Survey of Canada, Open File 1498, p. 1-31.

Macdonald, F. A., Schmitz, M. D., Crowley, J. L., Roots, C. F., Jones, D. S., Maloof, A. C.,
Strauss, J. V., Cohen, P. A., Johnston, D. T., and Schrag, D. P., 2010, Calibrating the
cryogenian: Science, v. 327, no. 5970, p. 1241-1243.

Macqueen, R. W., and MacKenzie, W. S., 1973, Lower Paleozoic and Proterozoic stratigraphy,
Mobil Colville Hills E- 15 well and environs, Interior Platform, District of Mackenzie:
Geological Survey of Canada, v. 73-1B, p. 183-188.

Manning-Berg, A. R., Wood, R. S., Williford, K. H., Czaja, A. D., and Kah, L. C., 2019, The
taphonomy of Proterozoic microbial mats and implications for early diagenetic
silicification, Geosciences, v. 9, no. 40, p. 1-31.

Manning-Berg, A., Selly, T., and Bartley, J. K., 2022, Actualistic approaches to interpreting the
role of biological decomposition in microbial preservation: Geobiology, v. 20, no. 2, p.
216-232.

Morton, J.G.G., 1997, Lithology and environments of deposition, in Morton, J.G.G., and Drexel,
J.F., eds., The Petroleum Geology of South Australia. Volume 3: Officer Basin. South
Australia: Department of Mines and Energy Resources, Report Book, 97/19. p. 47-86.

Nagy, R. M., and Porter, S. M., 2005, Paleontology of the Neoproterozoic Uinta Mountain
Group: Utah Geological Association Publication, v. 33, p. 49-62.

Noble, S. R., Hyslop, E. K., and Highton, A. J., 1996, High-precision U-Pb monazite
geochronology of the c. 806 Ma Grampian Shear Zone and the implications for the

28



evolution of the Central Highlands of Scotland: Journal of the Geological Society, v. 153,
no. 4, p. 511-514.

Porter, S. M., and Riedman, L. A., 2016, Systematics of organic-walled microfossils from the ca.
780-740 Ma Chuar Group, Grand Canyon, Arizona: Journal of Paleontology, v. 90, no. 5,
p. 815-853.

Preiss, W. V., 2000, The Adelaide Geosyncline of South Australia and its significance in
Neoproterozoic continental reconstruction: Precambrian Research, v. 100, p. 21-63.

Pustejovsky, J., 2022, clubSandwich: cluster-robust (sandwhich) variance estimators with small-
sample corrections: CRAN repository, p. 1-41.

Rainbird, R. H., Villeneuve, M. E., Cook, D. G., and MacLean, B. C., 1996, Detrital zircon ages
from two wells in the Northwest Territories: Implications for the correlation and
provenance of Proterozoic subsurface data: Geological Survey of Canada Current
Research v. 1996-B, p. 29-38.

Riedman, L. A., and Porter, S., 2016, Organic-walled microfossils of the mid-Neoproterozoic
Alinya Formation, Officer Basin, Australia: Journal of Paleontology, v. 90, no. 5, p. 854-
887.

Riedman, L. A., Porter, S. M., Halverson, G. P., Hurtgen, M. T., and Junium, C. K., 2014,
Organic-walled microfossil assemblages from glacial and interglacial Neoproterozoic
units of Australia and Svalbard: Geology, v. 42, no. 11, p. 1011-1014.

Rooney, A. D., Austermann, J., Smith, E. F., Li, Y., Selby, D., Dehler, C. M., Schmitz, M. D.,
Karlstrom, K. E., and Macdonald, F. A., 2018, Coupled Re-Os and U-Pb geochronology
of the Tonian Chuar Group, Grand Canyon: Geological Society of America Bulletin, v.
130, no. 7-8, p. 1085-1098.

Sprinkel, D. A., and Waanders, G., 2005, Stratigraphy, organic microfossils, and thermal
maturation of the Neoproterozoic Uinta Mountain Group in the eastern Uinta Mountains,
northeastern Utah: Utah Geological Association Publication, v. 33, p. 63-73.

Stouge, S., Christiansen, J. L., Harper, D. A. T., Houmark-Nielsen, M., Kristiansen, K.,
MacNiocaill, C., and Buchardt-Westergard, B., 2011, Neoproterozoic (Cryogenian—
Ediacaran) deposits in East and North-East Greenland: Geological Society, London,
Memoirs, v. 36, no. 1, p. 581-592.

Team, R. C., 2022, R: A language and environment for statistical computing, , R Foundation for
Statistical Computing, Vienna, Austria.

Thulin, M., 2014, The cost of using exact confidence intervals for a binomial proportion:
Electronic Journal of Statistics, v. 8, no. 1, p. 817-840.

Turner, E. C., 2009, Mesoproterozoic carbonate systems in the Borden Basin, Nunavut:
Canadian Journal of Earth Sciences, v. 46, no. 12, p. 915-938.

Turner, E. C., and Kamber, B. S., 2012, Arctic Bay Formation, Borden Basin, Nunavut
(Canada): Basin evolution, black shale, and dissolved metal systematics in the
Mesoproterozoic ocean: Precambrian Research, v. 208-211, p. 1-18.

Walter, M. R., Veevers, J. J., Calver, C. R., and Grey, K., 1995, Neoproterozoic stratigraphy of
the Centralian Superbasin, Australia: Precambrian Research, v. 73, no. 1, p. 173-195.

Wickham, H., 2016, ggplot2: Elegant Graphics for Data Analysis, Springer-Verlag New York.

Woltz, C. R., Porter, S. M., Agi¢, H., Dehler, C. M., Junium, C. K., Riedman, L. A., Hodgskiss,
M. S. W., Wérndle, S., and Halverson, G. P., 2021, Total organic carbon and the
preservation of organic-walled microfossils in Precambrian shale: Geology, v. 49, no. 5,
p. 556-560.

29



Zeger, S. L., and Liang, K.Y., 1986, Longitudinal data analysis for discrete and continuous
outcomes: Biometrics, v. 42, no. 1, p. 121-130.

Zeileis, A., and Hothorn, T., 2002, Diagnostic Checking in Regression Relationships: R News,
2(3).

Zang, W. L., and McKirdy, D.M., 1994, Microfossils and molecular fossils from the
Neoproterozoic Alinya Formation—a possible new source rock in the eastern Officer
Basin: Petroleum Exploration Society of Australia, v. 22, p. 89-90.

Zang, W.-L., 1995, Early Neoproterozoic sequence stratigraphy and acritarch biostratigraphy,
eastern Officer Basin, South Australia: Precambrian Research, v. 74, no. 3, p. 119-175.

Zumberge, J. A., Rocher, D., and Love, G. D., 2020, Free and kerogen-bound biomarkers from
late Tonian sedimentary rocks record abundant eukaryotes in mid-Neoproterozoic marine
communities: Geobiology, v. 18, no. 3, p. 326-347.

30



