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ABSTRACT
Stromatolites are abundant in shallow marine sediments deposited before the evolution 

of animals, but in the modern ocean they are restricted to locations where the activity of 
animals is limited. Overall decline in the abundance of stromatolites has, therefore, been 
attributed to the evolution of substrate-modifying metazoans, with Phanerozoic stromatolite 
resurgences attributed to the aftermaths of mass extinctions. Here we use a comprehensive 
stratigraphic database, the published literature, and a machine reading system to show that 
the rock record–normalized occurrence of stromatolites in marine environments in North 
America exhibits three phases: an initial Paleoproterozoic (ca. 2500 Ma) increase, a sustained 
interval of dominance during the Proterozoic (2500–800 Ma), and a late Neoproterozoic 
(700–541 Ma) decline to lower mean prevalence during the Phanerozoic (541–0 Ma). Stro-
matolites continued to exhibit large changes in prevalence after the evolution of metazoans, 
and they transiently achieved Proterozoic-like prevalence during the Paleozoic. The after-
maths of major mass extinctions are not well correlated with stromatolite resurgence. Instead, 
stromatolite occurrence is well predicted by the prevalence of dolomite, a shift in carbonate 
mineralogy that is sensitive to changes in water-column and pore-water chemistry occurring 
during continent-scale marine transgressive-regressive cycles.

INTRODUCTION
Stromatolites, attached accretionary sedi-

mentary structures that are formed either inor-
ganically (Lowe, 1994; Grotzinger and Rothman, 
1996) or by microbial interactions between car-
bonate sediment and the overlying water (Grotz-
inger and Knoll, 1999; Bosak et al., 2013), are 
one of the most distinctive of all sedimentary 
structures. The stratigraphic distribution and 
abundance of stromatolites has been viewed 
as a proxy record that can integrate informa-
tion about the physical, chemical, and biological 
environment (Hofmann, 1973; Grotzinger, 1990; 
Grotzinger and Knoll, 1999). For example, stro-
matolite growth and morphology are responsive 
to the presence and abundance of grazing meta-
zoans (Garrett, 1970; Walter and Heys, 1985) 
and possibly to the input of skeletal debris (Pratt, 
1982). The evolution and diversification of meta-
zoans has, therefore, been identified as a cause 
for the decline of stromatolites and other micro-
bially formed structures, with disruptions of 
animal communities in the aftermaths of major 
mass extinctions promoting their transient rees-
tablishment (Schubert and Bottjer, 1992; Shee-
han and Harris, 2004; Baud et al., 2007; Mata 
and Bottjer, 2012; but see Riding, 2000, 2005, 
2006). Increases in the carbonate saturation state 
of the ocean have also been invoked to explain 
increases in microbialite abundance (Riding, 
2005) and inorganic seafloor carbonate precipi-
tates (Grotzinger and Knoll, 1995).

Several attempts have been made to com-
pile stromatolite occurrences and quantify large-
scale temporal trends in their morphology and 

abundance (Awramik, 1971, 1991; Awramik and 
Sprinkle, 1999; Walter and Heys, 1985; Semikha-
tov and Raaben, 1996; Riding, 2000). However, 
most previous compilations have focused on 
specific time intervals, and none has taken into 
consideration temporal changes in stromatolite 
numbers that might be attributable to variation 
in the quantity of sedimentary rock.

Here we use a comprehensive stratigraphic 
database covering North America and the cir-
cum-Caribbean region (Fig. 1) to measure the 
total quantity and age of shallow marine sedi-
ment and the rock record–normalized frequency 
of occurrence of stromatolites. Our approach is 
agnostic with respect to the genetic interpreta-
tion of stromatolitic structures, their morphol-
ogy, or their local abundance within individual 
stratigraphic units. Instead, our goal is to mea-
sure the relative frequency of occurrence of sedi-
mentary features described as stromatolites in 
the literature in a way that explicitly accounts 
for variation in the total amount of sedimen-
tary rock. We then use the same stratigraphic 
framework to evaluate stromatolite occurrence 
in relation to carbonate mineralogy and marine 
animal diversity.

DATA SETS AND METHODS
Stratigraphic data derive from 1013 region-

ally composited Macrostrat database (https://
macrostrat.org) geological columns (Fig. 1) 
covering 26 × 106 km2 in North America and 
the Caribbean (Peters, 2006, 2008; Husson and 
Peters, 2017). Within these columns there are 
22,282 lithologically and chronostratigraphically 

defined units, 83% of which are inferred based 
on their contained biota and/or geographic and 
stratigraphic position to have been deposited in 
marine and/or marginal marine environments. It 
is often difficult to determine whether Precam-
brian sedimentary units are marine or lacustrine 
in origin. However, most Phanerozoic sedimen-
tary rock is shallow marine (Peters and Husson, 
2017), so our default assumption is that Precam-
brian sedimentary rocks are also shallow marine, 
unless explicitly identified otherwise. Each 
Macrostrat unit is assigned at least one lithol-
ogy, and most units are associated with multiple 
lithologies. More than 97% of all sedimentary 
units older than the Quaternary are assigned a 
lithostratigraphic name (e.g., formation) that is 
linked to a nomenclatural hierarchy, if applicable. 
Here, we also employ a simple age model that 
linearly distributes time between superposed 
stratigraphic units using basic geological prin-
ciples. Constraining the age model is difficult in 
the Precambrian, but average rates of Precam-
brian sedimentation derived from it are compa-
rable to Phanerozoic rates (Husson and Peters, 
2017). The effects of correlation errors are also 
minimized in this analysis because we focus on 
count-based metrics and relative proportions in 
aggregate data (Adrain and Westrop, 2000).
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Figure 1. Spatial distribution and number of 
stromatolite-bearing sedimentary units in 
Macrostrat (https://macrostrat.org) for North 
America–Caribbean region. Polygons show 
approximate spatial boundaries of 1013 geo-
logic columns used here. Shading indicates the 
total number of stratigraphic units identified 
as containing stromatolites in each column.
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Stromatolite prevalence is defined here as 
the proportion of all North American–Caribbean 
named marine sedimentary rock units (20,484 
total) or carbonate-bearing marine rock units 
(9,643 total) that are described as preserv-
ing stromatolites. The GeoDeepDive (https://
geodeepdive.org) digital library and machine 
reading system (sensu Peters et al., 2014) was 
used to locate mentions of the term “stromato-
lite” (and variations thereof) within the full text 
of published documents. At the time of this anal-
ysis, GeoDeepDive contained most geoscience-
relevant titles from Elsevier, Wiley, Canada Sci-
ence Publishing, and PLoS One, and content 
from the U.S. Geological Survey, the Society for 
Sedimentary Geology, and the Geological Soci-
ety of America. This library is not exhaustive; it 
does not contain all published papers that men-
tion stromatolites. However, we sample a large 
set of literature that is unlikely to be strongly 
biased with respect to stromatolite occurrence 
versus age in the study region. A total of 10,683 
documents in the GeoDeepDive library contain 
the term “stromatolite(s)” or “stromatolitic”. Of 
these, 941 contain mentions of stromatolites that 
are linked to a total of 612 unique stratigraphic 
names in the focal area (see Table DR2 and the 
supplemental reference list in the GSA Data 
Repository1).

The algorithm we developed to link stro-
matolites to named stratigraphic units utilizes 

1 GSA Data Repository item 2017155, containing 
an expanded description of the text mining tools and 
software, and full reference list used to compile stro-
matolites, is available online at http://www.geosociety 
.org /datarepository /2017/ or on request from editing@
geosociety.org.

Stanford natural language processing (NLP), 
which decomposes sentences into parts of 
speech and linguistic dependencies (Manning 
et al., 2014). Manual assessment of a random 
sample of 3.8% of the machine-extracted stro-
matolite–rock unit pairs indicates an accuracy of 
86%–89% at the individual level (Table DR1). 
Incorrect pairs identified during assessment were 
removed from the analysis and the sources of 
error assessed. In most cases, errors are limited 
to situations involving multiple sentences that 
express comparative or complex relationships 
between superposed stratigraphic units. Approx-
imately 30% of the incorrect pairs found during 
manual assessment were identified as correct in 
another manually assessed instance. Thus, our 
effective accuracy is at least 90% (Table DR1).

Animal genus-level diversity of Phanero-
zoic marine carbonates was estimated using 
25,221 Paleobiology Database (PBDB, https://
paleobiodb.org) collections (303,158 occur-
rences) that have been matched to Macrostrat 
units (Peters and Heim, 2010). The PBDB tax-
onomy for each occurrence is accessible from 
the database’s programmatic interface (Peters 
and McClennen, 2016). The Macrostrat age 
model was used to determine the age of PBDB 
collections. Genus-level diversity in each time 
increment was divided by the total number of 
carbonate units to account for variation in rock 
quantity. The proportion of carbonate units that 
contain dolomite was estimated using informa-
tion already present in the Macrostrat database.

RESULTS
Stromatolites are reported from sedimentary 

rocks assigned an Archean age in Macrostrat. 

Whether some of these Archean structures 
formed because of biological activity remains an 
open question (Lowe, 1994), but by the Paleo-
proterozoic, stromatolites occur in ~75% of 
all named sedimentary units (Fig. 2A). There 
is a decline in stromatolite occurrence dur-
ing the middle Mesoproterozoic to ~40%, but 
it increases again to ~80% by the end of the 
Mesoproterozoic. After achieving a peak at 
ca. 1000 Ma, stromatolites decline until reach-
ing a Proterozoic minimum at end of the eon. 
Stromatolite occurrence remains low during 
the early Cambrian, but by the Early Ordovi-
cian stromatolites achieve Neoproterozoic- to 
Mesoproterozoic-like prevalence (Fig. 2). For 
the remainder of the Paleozoic, stromatolites 
exhibit large oscillations in occurrence, with 
peaks in the late Silurian, Carboniferous, and 
Permian. Stromatolite occurrence declines after 
the Early Triassic and remains low, with few 
oscillations, for the remainder of the Mesozoic 
and Cenozoic. Normalizing stromatolite preva-
lence by the number of named carbonate-bear-
ing marine sedimentary units (Fig. 2B) yields 
broadly similar patterns, but at many times in 
the Proterozoic, 100% of all named carbonate-
bearing lithostratigraphic rock units contain 
stromatolites.

Oscillations in stromatolite prevalence 
within the Phanerozoic (Fig. 2) coincide with 
inflections in continent-scale marine transgres-
sive-regressive cycles known as Sloss sequences 
(Sloss, 1963; Meyers and Peters, 2011). For 
example, the peak in stromatolite prevalence 
achieved during the late Cambrian–Early Ordo-
vician occurs near the end of the first large-scale 
marine transgression of the Phanerozoic, which 

Figure 2. Occurrence of 
stromatolites over geo-
logical time normalized by 
total number of sedimen-
tary rock units in study 
area (Fig. 1). A: Number 
of stromatolite-bearing 
marine units normalized 
by all marine sedimentary 
rock units. B: Number of 
stromatolite-bearing units 
normalized by number of 
marine carbonate-bear-
ing rock units. Estimated 
proportion ± one stan-
dard error of estimate in 
each 1 m.y. increment is 
shown. Abbreviations cor-
respond to inter national 
chrono  s t ra t ig raph ic 
time intervals: Neoar.— 
Neoarchean; Neopro-
teroz.—Neo protero zoic; 
C m — C a m b r i a n ;  O —
Ordovician; S—Silurian; 
D—Devonian; C—Car-
boniferous; P—Permian; 
Tr—Triassic; J—Jurassic; 
K—Cretaceous; Pg—Paleogene; Ng—Neogene. Vertical light gray bars identify Phanerozoic marine transgressive-regressive cycles (Meyers 
and Peters, 2011).
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resulted in the deposition of the Cambrian–Early 
Ordovician Sauk sequence over much of North 
America. Similarly, the late Silurian peak in 
stromatolite prevalence occurs near the end of 
the Ordovician–Silurian Tippecanoe sequence 
(Sloss, 1963). The following two Sloss-type 
sequences are less quantitatively distinct (Mey-
ers and Peters, 2011), and stromatolite preva-
lence in this interval exhibits only one peak near 
the base of the Carboniferous. A peak in stro-
matolite prevalence occurs near the end of the 
Permian, which culminated in a withdrawal of 
epicontinental seaways and a Phanerozoic mini-
mum in continental flooding (Miller et al., 2005). 
Stromatolite prevalence remains near Paleozoic 
average values for the Early to Middle Trias-
sic and then declines to low values in the Early 
Jurassic. The Late Jurassic peak coincides in 
time with the end of the Jurassic Sloss-scale 
sequence. The mid- to Late Cretaceous peak 
in stromatolite occurrence coincides in time 
with maximum continental flooding during the 
Mesozoic–Cenozoic.

The fraction of all marine carbonate units 
that are dolomitic in each time increment is posi-
tively correlated with the fraction of marine units 
that contain stromatolites (Fig. 3A). This is true 
overall (Spearman’s ρ = 0.72) and separately 
within the Phanerozoic (ρ = 0.72) and Protero-
zoic (ρ = 0.58). All correlations are significant 
(P < 0.0002) when the data are detrended by 
taking first differences.

There is a weak negative correlation (ρ = 
−0.12) between average metazoan genus-level 
diversity in Phanerozoic carbonate-bearing rock 
units and stromatolite prevalence (Fig. 3B). In 
the Paleozoic, the negative correlation between 
metazoan diversity and stromatolite prevalence 
is comparable when the data are detrended by 
taking first differences (ρ = −0.12, P = 0.04). 
There is no correlation between dolomite preva-
lence and average genus diversity in Paleozoic 
carbonate units (ρ = 0.00, P = 0.94).

DISCUSSION
Stromatolites exhibit large changes in rock 

quantity–normalized occurrence within North 
American marine environments over the past 3 
b.y. (Fig. 2), and many of the general patterns 
found here are consistent with previous descrip-
tions of stromatolite form and abundance (e.g., 
Awramik and Sprinkle, 1999). The increase of 
stromatolites to near omnipresence at the start 
of the Paleoproterozoic likely reflects the envi-
ronmental spread of cyanobacteria-bearing, stro-
matolite-forming microbial communities, but it 
is also possible that the increase is accentuated 
by a tendency to assign stromatolite-bearing 
Precambrian rock units an age no older than 
the early Proterozoic. The evolution of meta-
zoans and their diversification during the late 
Neoproterozoic–Paleozoic likely contributed 
to the decline of stromatolites, but the decline 

starts before the appearance of metazoans, and 
stromatolites reach high prevalence during the 
Paleozoic. Normalization of stromatolite occur-
rence by the total number of marine carbon-
ate units suggests that some component of the 
Mesozoic–Cenozoic decline in stromatolites 
(Fig. 2B) may reflect a post-Paleozoic decline 
in the ratio of carbonate to clastic sediments 
deposited in shallow marine settings (Walker 
et al., 2002; Peters, 2008).

Previous work has suggested that there is an 
inverse relationship between animal diversity 
and the abundance of stromatolites and other 
microbialites in the Phanerozoic (Riding, 2005, 
2006). Within the Paleozoic, we find that shallow 
marine animal diversity is negatively correlated 
with stromatolite prevalence, but the correlation 
is weak (Fig. 3B). There is also a peak in stro-
matolite prevalence during the Early Triassic, 
as previously suggested (Schubert and Bottjer, 
1992), but the Late Permian peak is comparable 
(Grotzinger and Knoll, 1995). The coarse strati-
graphic scale of our analysis, however, prevents 
detection of facies-level environmental parti-
tioning of marine metazoans and stromatolite-
forming microbial communities that can occur 

in the aftermath of mass extinctions (Sheehan 
and Harris, 2004; Mata and Bottjer, 2012). This 
analysis is also restricted to sedimentary fea-
tures described as stromatolites, which does not 
include all microbially formed sediments. Nev-
ertheless, like Riding (2000, 2006), we find little 
evidence to suggest that metazoan diversity or 
mass extinctions exert a dominant influence on 
stromatolite occurrence. The co-occurrence of 
stromatolites and abundant, diverse metazoans 
in some lakes (Cohen et al., 1997) may provide 
further evidence for a reduced role for animals 
in limiting stromatolite formation.

Marine animal diversity is not a good predic-
tor of stromatolite occurrence, but we do find 
a consistent positive correlation between the 
proportion of carbonate units that are dolomitic 
and those that are stromatolite-bearing (Fig. 3A). 
Dolomite can form as a primary and early diage-
netic feature in some depositional environments, 
but many carbonate units have experienced late-
stage diagenetic dolomitization. The fact that 
dolomite has at least two modes of origin is 
likely to have weakened the correlation docu-
mented here. A correlation between dolomite 
frequency and stromatolite occurrence is also 
expected under some scenarios. For example, 
carbonate oversaturation can positively influ-
ence the accretion and preservation of microbial 
carbonates (Riding, 2000) and help to overcome 
the kinetic inhibitors that slow or inhibit the 
dolomite formation process (Morse, 2003). It 
is also possible that the presence of extracellu-
lar polysaccharides in the microbial mats that 
form stromatolites promoted early dolomite for-
mation (Zhang et al., 2012). Intervals of Earth 
history with lower O2 levels, such as the Pro-
terozoic and times of transient hypoxia in the 
Phanerozoic, could have also allowed for more 
widespread bottom-water carbonate oversatura-
tion and direct carbonate precipitation on the 
seafloor (Grotzinger and Knoll, 1995; Higgins et 
al., 2009). Fluctuation in the geographic extent 
of tidal environments during continent-scale 
marine transgressive-regressive cycles is another 
possible explanation for dolomite-stromatolite 
covariation, at least within the Phanerozoic.

Regardless of the specific mechanism for 
the observed correlation between dolomite- 
and stromatolite-bearing marine rock units, 
our results provide quantitative evidence for 
the hypothesis (Riding, 2000, 2005, 2006) that 
changes in average water column chemistry in 
shallow marine environments, possibly pro-
moted by fluctuations in sea level and changes in 
the carbonate saturation state of seawater, have 
played a primary role in determining the preva-
lence of stromatolites throughout Earth history.
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Supplementary Discussion1

S1 Text mining application2

The objective of the stromatolite text mining application is to create a list of stratigraphic3

names that are identified as stromatolite-bearing. A total of 10,683 documents from the4

GeoDeepDive library, parsed by the Stanford NLP tookit (Manning et al., 2014) into5

7,087,939 sentences, constituted the input for the application run used to generate the6

results presented here. This set of documents was determined to be potentially relevant7

to this study because each of them contained at least one instance of the term ‘stroma-8

tolite(s)’ and/or ‘stromatolitic’. The first part of the application consists of defining two,9

initially independent datasets: (i) mentions of stromatolite fossils and (ii) mentions of10

likely stratigraphic names.11

For (i), simple word variants were included, such as ‘stromatolite’ (i.e., ‘stromatolites’,12

‘stromatolitic,’ and ‘microstromatolites’) as well as compound words, such as ‘thrombolite-13

stromatolite,’ ‘microbial-stromatolitic’ and ‘stromatolite-bearing.’14

For (ii), the application relies upon the conventions used for expression of formally15

named stratigraphic entities in the literature. Namely, a stratigraphic name is a proper16

noun, or a series of proper nouns, that ends with a defined set of capitalized words (i.e.,17

‘Group,’ ‘Formation,’ ‘Member,’ ‘Supergroup,’ ‘Bed,’ ‘Subgroup’) or abbreviations (i.e.,18

‘Gp,’ ‘Fm,’ ‘Mbr,’ ‘SGp’). Capitalized lithologies also are used to indicate a stratigraphic19

names (e.g., Nolichucky Shale, Virgin Limestone, Copper Harbor Conglomerate). Within20

a document, once a stratigraphic name is formally described (e.g., ‘Guelph Formation’),21

the rules for recognizing this stratigraphic entity elsewhere in the document are relaxed.22

This step allows for more informal use of names, such as:23

The basal stromatolite beds are distinctive and traceable into the more typical24
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Guelph facies of Ontario.25

assuming that the ‘Guelph Formation’ was used elsewhere in this same paper (Brett et al.,26

1995).27

Defining the intersection of these two datasets uses three types of logic. The simplest28

extraction is based upon finding a mention of a stromatolite fossil in the same sentence29

as a single, unique stratigraphic name. For example, from Dehler et al. (2001):30

The Chuar Group contains numerous stromatolites, the acritarch, Chuaria31

circularis, and the vase-shaped microfossil Melanocyrillium, all of which are32

found in other Mid-Neoproterozoic deposits (Fig. 9).33

For cases where a stratigraphic name is not collocated with a stromaolite mention, the34

‘in sentence’ requirement is relaxed, and stratigraphic names are searched for in immedi-35

ately preceding sentences. Consider this example from Johnson (1984):36

The Cow Ridge Member is a heterogeneous mixture of gray, clay-rich low-37

grade oil shale, brown carbonaceous shale with thin coal beds, and gray to38

tan siltstone, sandstone, and limestone. Siltstone and sandstone beds are39

commonly ripple-laminated, fairly persistent laterally, and commonly fossil-40

iferous. The limestones contain abundant ostracods and mollusks and only41

rarely contain stromatolite structures.42

These ‘out of sentence’ extractions were restricted to stromatolite-stratigraphic name43

tuples that are within 3 sentences of one another (emphasis added).44

Both of these extraction types are quite simple, but they are powerful when applied to45

a large enough dataset. That is, these logical conditions are not sophisticated enough to46

capture all possible tuples, but when there are a large number of documents available, it47
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is likely that the occurrence of stromatolites in a given stratigraphic unit will be described48

at least once in these simple ways.49

In order to make more complex extractions, we rely upon the part-of-speech component50

of Stanford’s natural language processing (NLP) tools, which decomposes sentences and51

the words in them into both parts of speech and linguistic dependencies (Manning et al.,52

2014). These NLP products can help deconvolve the grammatical relationship between53

stromatolite fossils and named stratigraphic units within more complex sentences. For54

example (emphasis added):55

In the eastern Pilbara, the Jeerinah Formation is overlain by the shallow-56

water stromatolitic ⇠2.63 Ga Carawine Dolomite.57

In this sentence from Barley et al. (2005), multiple named stratigraphic entities occur58

in proximity to a mention of stromatolites within a single sentence. Linguistic context59

distinguishes the fact that the Carawine Dolomite is identified as having stromatolites,60

whereas the Jeerinah Formation is not.61

The method the application uses to derive the correct inference from a sentence is62

shown in Fig. S1. The example sentence, as it appears in the original paper, is shown63

in Fig. S1a, while Fig. S1b shows how this sentence is represented in the GeoDeepDive64

library. Individual words from the sentence have been parsed into a text array (column65

‘words’), and the grammatical function that each word plays has been defined by NLP66

and stored in the column ‘dep paths’. In this case, ‘stromatolitic’ is an adjectival modifier,67

‘Carawine’ is a part of a compound noun, and ‘Dolomite’ is a noun modified by a past68

participle verb. In the column ‘dep parents,’ the parent of each of these words (‘depen-69

dents’) is described. Thus, ‘stromatolitic’ depends upon ‘Dolomite,’ as does ‘Carawine’70

(note that the other parents in this text array have been expressed as the word number71
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example sentence:

54e432ffe138237cc914fbfb 88 {In,the,eastern,Pilbara,",",the,Jeeri
nah,Formation,is,overlain,by,the,
shallow-water,stromatolitic,~,2.6
3,Ga,Carawine,Dolomite,[,41,],.}

{case,det,amod,nmod:in,"",det,com
pound,nsubjpass,auxpass,"",case,d
et,amod,amod,compound,nummo
d,compound,compound,nmod:ag
ent,"",nmod:tmod,"",""}

{4,4,4,10,0,8,8,10,10,
0,19,19,Dolomite,19
,19,19,19,Dolomite,
overlain,0,19,0,0}

docid sentid words dep_paths dep_parents

In the eastern Pilbara, the Jeerinah Formation is overlain by the shallow-water stromatolitic ~2.63 Ga Carawine Dolomite [41].

sentence representation in GeoDeepDive database:

Natural Language Processing visualization:

amod

compound

54e432ffe138237cc914fbfb 88 stromatolitic
docid sentid target_word strat_phrase_root

Carawine
strat_flag
Dolomite

strat_name_id
88283

in_ref
no

source
in_sent

result_id
7266

extracted result:

a

b

c

d

Figure S1: An annotated example of a stromatolite-stratigraphic name tuple extraction
that utilizes natural language processing (NLP).

index for simplicity).72

Fig. S1c is a visualization of these parent-dependent relationships, created by the73

Stanford CoreNLP webservice API. This parsing shows a clear grammatical relationship74

between the compound noun ‘Carawine Dolomite’ and ‘stromatolitic.’ It is this parsing75

that allows this tuple to be recognized and written to the result table (Fig. S1d). It76

is, at this point a potential (but incorrect) tuple between ‘stromatolitic’ and ‘Jeerinah77

Formation’ to be ignored. Also, by querying the Macrostrat API with the discovered78

stratigraphic name:79

https://macrostrat.org/api/defs/strat_names?strat_name_like=Carawine80

the Macrostrat database strat name id for ‘Carawine Dolomite’ is also recorded in the81
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manual tuple assessment

N N (culled)

correct 166 166
incorrect 21 15
uncertain 6 5

percent correct 86% / 89% 89% / 91%

Table S1: For each of the percent correct values, the left value assumes that all uncertain
tuples are incorrect, and the right assumes that all uncertain tuples are correct. The
‘culled’ column removes incorrect or uncertain tuples that were found to be correct in
other instances.

results table. Not every stratigraphic name is in the Macrostrat database, nor is every82

strat name id in Macrostrat linked to a lithostratigraphic rock unit:83

https://macrostrat.org/api/units?strat_name_id=8828384

Accuracy of these extractions, discussed in detail in the Methods section of the main text,85

was assessed to be at least 90% (Table S1). All documents from which at least one North86

American stromatolitic stratigraphic name with a linked strat name id was extracted (94187

in total) are included in section S4, with hyperlinks to the original publication. A table88

of the extracted stratigraphic names, linked to the references where they were found, is89

included as a supplementary Excel spreadsheet.90

The application used to operate on the GeoDeepDive library was written in Python91

and the results were written to a PostgreSQL database. The code, accompanied by92

an example dataset consisting of USGS publications, is available on GitHub at https:93

//github.com/UW-Macrostrat/stromatolites.94

5

https://macrostrat.org/api/units?strat_name_id=88283
https://github.com/UW-Macrostrat/stromatolites
https://github.com/UW-Macrostrat/stromatolites
https://github.com/UW-Macrostrat/stromatolites


S2 Paleobiology Database Genus Diversity95

The complete list of PBDB collection numbers matched to Macrostrat units is avail-96

able via the Macrostrat API (https://macrostrat.org/api/v2/fossils?lith_type=97

carbonate&project_id=1,7). This returns the PBDB collection number, the Macros-98

trat unit identifier to which that collection is assigned, and a list of distinct genus num-99

bers from the PBDB (specific taxaonomic names and their classification are available via100

the PBDB API(Peters and McClennen, 2016), e.g., https://paleobiodb.org/data1.2/101

taxa/list.txt?id=21387). To estimate genus-level diversity in each one million year102

increment, the total number of unique genus numbers assigned to Macrostrat marine103

carbonate-bearing units was tabulated and then divided by the total number of Macros-104

trat carbonate-bearing units contributing to that estimate. The number of distinct genera105

in each time increment and the number of fossil-bearing units is reported in the supple-106

mental data table and are reproducible using the Macrostrat API.107
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S3 Publishers and journals used in stromatolite ex-

tractions

Publisher Totals

name number references
Elsevier 334
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Wiley 105
Canadian Science Publishing 105

Journal Totals

name number references
Precambrian Research 108
Canadian Journal of Earth Sciences 105
SEPM Journal of Sedimentary Research 65
Geol Soc America Bull 54
Palaeogeography, Palaeoclimatology, Palaeoecology 51
Sedimentary Geology 49
Open-File Report 48
Sedimentology 47
Professional Paper 43
Bulletin 43
Geological Society of America Bulletin 38
Geol 34
Journal of Sedimentary Research 28
PALAIOS 26
Earth-Science Reviews 19
Geobiology 16
Lethaia 12
Geochimica et Cosmochimica Acta 12
Organic Geochemistry 9
Chemical Geology 9
Marine and Petroleum Geology 8
Earth and Planetary Science Letters 8
Tectonophysics 6
Journal of African Earth Sciences 6
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Geological Journal 6
Circular 6
Gondwana Research 5
Ore Geology Reviews 4
Geosphere 4
Geobios 4
Lithos 3
Journal of South American Earth 3

Sciences
Journal of Geophysical Research 3
Journal of Geochemical Exploration 3
Geology Today 3
Geology 3
Terra Nova 2
Russian Geology and Geophysics 2
Proceedings of the Geologists’ Association 2
Marine Geology 2
Journal of Geodynamics 2
Journal of Asian Earth Sciences 2
Global and Planetary Change 2
Geofluids 2
Cretaceous Research 2
Basin Research 2
Trends in Ecology & Evolution 1
The Island Arc 1
Scientific Investigations Report 1
Physics of the Earth and 1

Planetary Interiors
Physics and Chemistry of the 1

Earth
Palaeoworld 1
Palaeontology 1
Miscellaneous Field Studies Map 1
Journal of Structural Geology 1
Journal of Research of the 1

U.S. Geological Survey
Journal of Petroleum Geology 1
Journal of Metamorphic Geology 1
Journal of Hydrology 1
Journal of Geophysical Research: Solid 1

Earth
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Journal of Geophysical Research: Planets 1
Journal of Applied Geophysics 1
Gsa Today 1
Geophysical Prospecting 1
Geologic Quadrangle 1
Geochemistry, Geophysics, Geosystems 1
Deep Sea Research Part II: 1

Topical Studies in Oceanography
Comptes Rendus de l’Académie des 1

Sciences - Series IIA -
Earth and Planetary Science

Comptes Rendus Palevol 1
Botanical Journal of the Linnean 1

Society
Boreas 1
Biological Reviews 1
Applied Geochemistry 1
Annales de Paléontologie 1
Advances in Space Research 1
Acta Geologica Sinica - English 1

Edition
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la région Waoufengha–Igherm, Anti-Atlas occidental, Maroc. Comptes Rendus de
l’Académie des Sciences - Series IIA - Earth and Planetary Science 330, 155–160
(2000)

Foster, C., Wicander, R. & Reed, J. Gloeocapsomorpha prisca Zalessky, 1917: A new
study part II: Origin of Kukersite, a new interpretation. Geobios 23, 133–140 (1990)

Guido, A., Rosso, A., Sanfilippo, R., Russo, F. & Mastandrea, A. Frutexites from micro-
bial/metazoan bioconstructions of recent and Pleistocene marine caves (Sicily, Italy).
Palaeogeography, Palaeoclimatology, Palaeoecology, 127–138 (2016)

Rice, R. Recent developments in Precambrian sedimentary geology. Canadian Journal of
Earth Sciences 29, 2521–2522 (1992)

(2), A. Devonian Alluvial Fans, Prince of Wales Island, Arctic Canada. SEPM Journal
of Sedimentary Research Vol. 40 (1970)

Verdel, C., Wernicke, B. & Bowring, S. The Shuram and subsequent Ediacaran carbon iso-
tope excursions from southwest Laurentia, and implications for environmental stability
during the metazoan radiation. Geological Society of America Bulletin 123, 1539–1559
(2011)

Furlanetto, F., Thorkelson, D., Rainbird, R., Davis, W., Gibson, H. & Marshall, D. The
Paleoproterozoic Wernecke Supergroup of Yukon, Canada: Relationships to orogeny
in northwestern Laurentia and basins in North America, East Australia, and China.
Gondwana Research, 14–40 (2016)

18

http://www.sciencedirect.com/science/article/pii/030192689090065X
http://www.sciencedirect.com/science/article/pii/030192689090065X
http://www.sciencedirect.com/science/article/pii/S0031018205001239
http://www.sciencedirect.com/science/article/pii/S0031018205001239
http://www.sciencedirect.com/science/article/pii/S0031018205002932
http://www.sciencedirect.com/science/article/pii/S0031018205002932
http://www.sciencedirect.com/science/article/pii/S1068797107002337
http://www.sciencedirect.com/science/article/pii/S1068797107002337
https://www.sciencebase.gov/catalog/item/4f4e4b01e4b07f02db6988eb
https://www.sciencebase.gov/catalog/item/4f4e4b01e4b07f02db6988eb
http://www.sciencedirect.com/science/article/pii/S1251805000001099
http://www.sciencedirect.com/science/article/pii/S1251805000001099
http://www.sciencedirect.com/science/article/pii/S1251805000001099
http://www.sciencedirect.com/science/article/pii/S0016699506800458
http://www.sciencedirect.com/science/article/pii/S0016699506800458
http://www.sciencedirect.com/science/article/pii/S0031018216300797
http://www.sciencedirect.com/science/article/pii/S0031018216300797
http://www.nrcresearchpress.com/doi/abs/10.1139/e92-198
http://dx.doi.org/10.1306/74d71fd2-2b21-11d7-8648000102c1865d
http://dx.doi.org/10.1130/b30369.1
http://dx.doi.org/10.1130/b30369.1
http://dx.doi.org/10.1130/b30369.1
http://www.sciencedirect.com/science/article/pii/S1342937X16301265
http://www.sciencedirect.com/science/article/pii/S1342937X16301265
http://www.sciencedirect.com/science/article/pii/S1342937X16301265


Schieber, J. Possible indicators of microbial mat deposits in shales and sandstones: exam-
ples from the Mid-Proterozoic Belt Supergroup, Montana, U.S.A. Sedimentary Geology
120, 105–124 (1998)

Johnson, M., Jia-yu, R. & Xue-chang, Y. Intercontinental correlation by sea-level events in
the Early Silurian of North America and China (Yangtze Platform). Geol Soc America
Bull 96, 1384 (1985)

Fedorchuk, N., Dornbos, S., Corsetti, F., Isbell, J., Petryshyn, V., Bowles, J. & Wil-
meth, D. Early non-marine life: Evaluating the biogenicity of Mesoproterozoic fluvial-
lacustrine stromatolites. Precambrian Research, 105–118 (2016)

Schieber, J. Significance of styles of epicontinental shale sedimentation in the Belt basin,
Mid-Proterozoic of Montana, U.S.A. Sedimentary Geology 69, 297–312 (1990)

Binda, P. Microfossils from the Lower Kundelungu (Late Precambrian) of Zambia. Pre-
cambrian Research 4, 285–306 (1977)

Butler, W. The rationale for assessment of undiscovered, economically recoverable oil and
gas in south-central New Mexico; a geologic overview and play analysis of two favorable
areas. Tech. Rep., USGS (1988)

Edited by Yount, M. United States Geological Survey Alaska Program, 1975. Tech. Rep.,
USGS (1975)

Hofmann, H. New stromatolites from the Aphebian Mistassini Group, Quebec. Canadian
Journal of Earth Sciences 15, 571–585 (1978)

Brett, C., Goodman, W. & LoDuca, S. Sequences, cycles, and basin dynamics in the
Silurian of the Appalachian Foreland Basin. Sedimentary Geology 69, 191–244 (1990)

Des Marais, D. Microbial mats and the early evolution of life. Trends in Ecology &
Evolution 5, 140–144 (1990)

Adrain, J. & Westrop, S. Lower Ordovician trilobites from the Baumann Fiord Formation,
Ellesmere Island, Arctic Canada. Canadian Journal of Earth Sciences 42, 1523–1546
(2005)

Maliva, R., Knoll, A. & Simonson, B. Secular change in the Precambrian silica cycle:
Insights from chert petrology. Geol Soc America Bull 117, 835 (2005)

Grey, K. & Thorne, A. Biostratigraphic significance of stromatolites in upward shallowing
sequences of the early proterozoic duck creek dolomite, Western Australia. Precambrian
Research 29, 183–206 (1985)

19

http://www.sciencedirect.com/science/article/pii/S0037073898000293
http://www.sciencedirect.com/science/article/pii/S0037073898000293
http://www.sciencedirect.com/science/article/pii/S0301926816000243
http://www.sciencedirect.com/science/article/pii/S0301926816000243
http://www.sciencedirect.com/science/article/pii/003707389090055X
http://www.sciencedirect.com/science/article/pii/003707389090055X
http://www.sciencedirect.com/science/article/pii/0301926877900183
https://www.sciencebase.gov/catalog/item/4f4e4a70e4b07f02db64107f
https://www.sciencebase.gov/catalog/item/4f4e4a70e4b07f02db64107f
https://www.sciencebase.gov/catalog/item/4f4e4a70e4b07f02db64107f
https://www.sciencebase.gov/catalog/item/4f4e49dfe4b07f02db5e3d2f
http://www.nrcresearchpress.com/doi/abs/10.1139/e78-062
http://www.sciencedirect.com/science/article/pii/003707389090051T
http://www.sciencedirect.com/science/article/pii/003707389090051T
http://www.sciencedirect.com/science/article/pii/0169534790902194
http://www.nrcresearchpress.com/doi/abs/10.1139/e05-054
http://www.nrcresearchpress.com/doi/abs/10.1139/e05-054
http://dx.doi.org/10.1130/b25555.1
http://dx.doi.org/10.1130/b25555.1
http://www.sciencedirect.com/science/article/pii/0301926885900683
http://www.sciencedirect.com/science/article/pii/0301926885900683


Loyd, S. & Corsetti, F. The Origin of the Millimeter-Scale Lamination in the Neopro-
terozoic Lower Beck Spring Dolomite: Implications for Widespread, Fine-Scale, Layer-
Parallel Diagenesis in Precambrian Carbonates. Journal of Sedimentary Research 80,
678–687 (2010)

Davies, G. & Nassichuk, W. Subaqueous evaporites of the Carboniferous Otto Fiord
Formation, Canadian Arctic Archipelago: A summary. Geol 3, 273 (1975)

Reitsema, R. Dolomite and nahcolite formation in organic rich sediments: isotopically
heavy carbonates. Geochimica et Cosmochimica Acta 44, 2045–2049 (1980)

Boucot, A. & Janis, C. Environment of the Early Paleozoic vertebrates. Palaeogeography,
Palaeoclimatology, Palaeoecology 41, 251–287 (1983)

Jiang, G., Christie-Blick, N., Kaufman, A., Banerjee, D. & Rai, V. Carbonate platform
growth and cyclicity at a terminal Proterozoic passive margin, Infra Krol Formation
and Krol Group, Lesser Himalaya, India. Sedimentology 50, 921–952 (2003)

Myrow, P., Hanson, A., Phelps, A., Creveling, J., Strauss, J., Fike, D. & Ripperdan,
R. Latest Devonian (Famennian) global events in western Laurentia: Variations in
the carbon isotopic record linked to diagenetic alteration below regionally extensive
unconformities. Palaeogeography, Palaeoclimatology, Palaeoecology, 194–209 (2013)

Dallmeyer, R. & Nance, R. 40 Ar/ 39 Ar ages of detrital muscovite within early Paleozoic
overstep sequences, Avalon composite terrane, southern New Brunswick: implications
for extent of late Paleozoic tectonothermal overprint. Canadian Journal of Earth Sci-
ences 27, 1209–1214 (1990)

Dixon, O., Williams, S. & Dixon, J. The Aston Formation (? Proterozoic) on Prince of
Wales Island, Arctic Canada. Canadian Journal of Earth Sciences 8, 732–742 (1971)

Kidder, D. Stratigraphy, micropaleontology, petrography, carbonate geochemistry, and
depositional history of the Proterozoic Libby Formation, Belt Supergroup, northwestern
Montana and northeastern Idaho. Tech. Rep., USGS (1987)

Hofmann, H. & Snyder, G. Archean stromatolites from the Hartville Uplift, eastern
Wyoming. Geol Soc America Bull 96, 842 (1985)

Timmons, J., Karlstrom, K., Heizler, M., Bowring, S., Gehrels, G. & Crossey, L. Tectonic
inferences from the ca. 1255–1100 Ma Unkar Group and Nankoweap Formation, Grand
Canyon: Intracratonic deformation and basin formation during protracted Grenville
orogenesis. Geol Soc America Bull 117, 1573 (2005)

Ueda, A., Cameron, E. & Roy Krouse, H. 34S-enriched sulphate in the Belcher Group,
N.W.T., Canada: evidence for dissimilatory sulphate reduction in the early Proterozoic
ocean. Precambrian Research 49, 229–233 (1991)

20

http://dx.doi.org/10.2110/jsr.2010.063
http://dx.doi.org/10.2110/jsr.2010.063
http://dx.doi.org/10.2110/jsr.2010.063
http://www.sciencedirect.com/science/article/pii/0016703780902021
http://www.sciencedirect.com/science/article/pii/0016703780902021
http://www.sciencedirect.com/science/article/pii/0031018283900913
http://doi.wiley.com/10.1046/j.1365-3091.2003.00589.x
http://doi.wiley.com/10.1046/j.1365-3091.2003.00589.x
http://doi.wiley.com/10.1046/j.1365-3091.2003.00589.x
http://www.sciencedirect.com/science/article/pii/S003101821300254X
http://www.sciencedirect.com/science/article/pii/S003101821300254X
http://www.sciencedirect.com/science/article/pii/S003101821300254X
http://www.nrcresearchpress.com/doi/abs/10.1139/e90-128
http://www.nrcresearchpress.com/doi/abs/10.1139/e90-128
http://www.nrcresearchpress.com/doi/abs/10.1139/e90-128
http://www.nrcresearchpress.com/doi/abs/10.1139/e71-071
http://www.nrcresearchpress.com/doi/abs/10.1139/e71-071
https://www.sciencebase.gov/catalog/item/4f4e4b16e4b07f02db6a538c
https://www.sciencebase.gov/catalog/item/4f4e4b16e4b07f02db6a538c
https://www.sciencebase.gov/catalog/item/4f4e4b16e4b07f02db6a538c
http://dx.doi.org/10.1130/b25538.1
http://dx.doi.org/10.1130/b25538.1
http://dx.doi.org/10.1130/b25538.1
http://dx.doi.org/10.1130/b25538.1
http://www.sciencedirect.com/science/article/pii/0301926891900348
http://www.sciencedirect.com/science/article/pii/0301926891900348
http://www.sciencedirect.com/science/article/pii/0301926891900348


Shapiro, R. & Konhauser, K. Hematite-coated microfossils: primary ecological fingerprint
or taphonomic oddity of the Paleoproterozoic? Geobiology 13, 209–224 (2015)

Jiang, G., Kennedy, M., Christie-Blick, N., Wu, H. & Zhang, S. Stratigraphy, Sedimentary
Structures, and Textures of the Late Neoproterozoic Doushantuo Cap Carbonate in
South China. Journal of Sedimentary Research 76, 978–995 (2006)

Dehler, C., Elrick, M., Bloch, J., Crossey, L., Karlstrom, K. & Des Marais, D. High-
resolution �13C stratigraphy of the Chuar Group (ca. 770–742 Ma), Grand Canyon:
Implications for mid-Neoproterozoic climate change. Geol Soc America Bull 117, 32
(2005)

Abell, P., McClory, J., Hendry, H. & Wheatley, K. Stratigraphic variations in carbon and
oxygen isotopes in the dolostone of the Carswell Formation (Proterozoic) of northern
Saskatchewan. Canadian Journal of Earth Sciences 26, 2318–2326 (1989)

Churnet, H., Misra, K. & Walker, K. Deposition and dolomitization of Upper Knox
carbonate sediments, Copper Ridge district, East Tennessee. Geol Soc America Bull
93, 76 (1982)

Whisonant, R. Paleocurrent and Petrographic Analysis of Imbricate Intraclasts in
Shallow-Marine Carbonates, Upper Cambrian, Southwestern Virginia. SEPM Jour-
nal of Sedimentary Research Vol. 57 (1987)

Corsetti, F., Kidder, D. & Marenco, P. Trends in oolite dolomitization across the Neopro-
terozoic–Cambrian boundary: A case study from Death Valley, California. Sedimentary
Geology 191, 135–150 (2006)

Nabelek, P., Bédard, J., Hryciuk, M. & Hayes, B. Short-duration contact metamorphism
of calcareous sedimentary rocks by Neoproterozoic Franklin gabbro sills and dykes on
Victoria Island, Canada. Journal of Metamorphic Geology 31, 205–220 (2013)

Mudge, M., Yochelson, E., Douglass, R., Duncan, H., Strimple, H., Gordon, J. & Dun-
kle, D. Stratigraphy and paleontology of the uppermost Pennsylvanian and lowermost
Permian rocks in Kansas, with sections on paleontology. Tech. Rep., USGS (1962)

Eriksson, K. Tidal flat and subtidal sedimentation in the 2250 M.Y. Malmani Dolomite,
Transvaal, South Africa. Sedimentary Geology 18, 223–244 (1977)

Walter, M. & Awramik, S. Frutexites from stromatolites of the Gunflint Iron Formation
of Canada, and its biological a�nities. Precambrian Research 9, 23–33 (1979)

Liu, L., Wu, Y., Hongxia, J. & Riding, R. Calcified rivulariaceans from the Ordovician
of the Tarim Basin, Northwest China, Phanerozoic lagoonal examples, and possible
controlling factors. Palaeogeography, Palaeoclimatology, Palaeoecology (2015)

21

http://doi.wiley.com/10.1111/gbi.12127
http://doi.wiley.com/10.1111/gbi.12127
http://dx.doi.org/10.2110/jsr.2006.086
http://dx.doi.org/10.2110/jsr.2006.086
http://dx.doi.org/10.2110/jsr.2006.086
http://dx.doi.org/10.1130/b25471.1
http://dx.doi.org/10.1130/b25471.1
http://dx.doi.org/10.1130/b25471.1
http://www.nrcresearchpress.com/doi/abs/10.1139/e89-197
http://www.nrcresearchpress.com/doi/abs/10.1139/e89-197
http://www.nrcresearchpress.com/doi/abs/10.1139/e89-197
http://dx.doi.org/10.1306/212f8cc4-2b24-11d7-8648000102c1865d
http://dx.doi.org/10.1306/212f8cc4-2b24-11d7-8648000102c1865d
http://www.sciencedirect.com/science/article/pii/S0037073806000649
http://www.sciencedirect.com/science/article/pii/S0037073806000649
http://doi.wiley.com/10.1111/jmg.12015
http://doi.wiley.com/10.1111/jmg.12015
http://doi.wiley.com/10.1111/jmg.12015
https://www.sciencebase.gov/catalog/item/4f4e4b1be4b07f02db6a8b2d
https://www.sciencebase.gov/catalog/item/4f4e4b1be4b07f02db6a8b2d
http://www.sciencedirect.com/science/article/pii/0037073877900136
http://www.sciencedirect.com/science/article/pii/0037073877900136
http://www.sciencedirect.com/science/article/pii/0301926879900494
http://www.sciencedirect.com/science/article/pii/0301926879900494
http://www.sciencedirect.com/science/article/pii/S0031018215004708
http://www.sciencedirect.com/science/article/pii/S0031018215004708
http://www.sciencedirect.com/science/article/pii/S0031018215004708


Hintze, L., Taylor, M. & Miller, J. Upper Cambrian-Lower Ordovician Notch Peak For-
mation in western Utah. Tech. Rep., USGS (1988)

Behrens, E. Environment Reconstruction For A Part Of The Glen Rose Limestone,
Central Texas. Sedimentology 4, 65–111 (1965)

Bertrand-Sarfati, J. & Potin, B. Microfossiliferous cherty stromatolites in the 2000 Ma
Franceville Group, Gabon. Precambrian Research 65, 341–356 (1994)

(2), W. & H., B. Diagenesis of Late Proterozoic Carbonates: The Beck Spring Dolomite
of Eastern California. SEPM Journal of Sedimentary Research Vol. 58 (1988)

White, B. Stromatolites and associated facies in shallowing-upward cycles from the Middle
Proterozoic Altyn Formation of Glacier National Park, Montana. Precambrian Research
24, 1–26 (1984)

Mukhopadhyay, M. & Gibb, R. Gravity anomalies and deep structure of eastern Hudson
bay. Tectonophysics 72, 43–60 (1981)

Nichols, K. Coextensive Supratidal Dolomite and Underlying Secondary Dolomite in the
Triassic of North-Central Nevada. SEPM Journal of Sedimentary Research Vol. 44

(1974)

Trower, E. & Grotzinger, J. Sedimentology, diagenesis, and stratigraphic occurrence of
giant ooids in the Ediacaran Rainstorm Member, Johnnie Formation, Death Valley
region, California. Precambrian Research 180, 113–124 (2010)

Clark, S., Spanksi, G., Hadley, D. & Hofstra, A. Geology and mineral resource potential
of the Chattanooga 1 degree x 2 degrees Quadrangle, Tennessee and North Carolina; a
preliminary assessment. Tech. Rep., USGS (1993)

Sami, T. & James, N. Evolution of an early Proterozoic foreland basin carbonate platform,
lower Pethei Group, Great Slave Lake, north-west Canada. Sedimentology 40, 403–430
(1993)

Speed, R. Evaporite-Carbonate Rocks of the Jurassic Lovelock Formation, West Hum-
boldt Range, Nevada. Geol Soc America Bull 85, 105 (1974)

Narbonne, G. & James, N. Mesoproterozoic deep-water reefs from Borden Peninsula,
Arctic Canada. Sedimentology 43, 827–848 (1996)

Burchette, T. & Wright, V. Carbonate ramp depositional systems. Sedimentary Geology
79, 3–57 (1992)

Pratt, B. Limestone response to stress; pressure solution and dolomitization; discussion
and examples of compaction in carbonate sediments. Journal of Sedimentary Research
52, 323–328 (1982)

22

https://www.sciencebase.gov/catalog/item/4f4e4a24e4b07f02db60e680
https://www.sciencebase.gov/catalog/item/4f4e4a24e4b07f02db60e680
http://doi.wiley.com/10.1111/j.1365-3091.1965.tb01284.x
http://doi.wiley.com/10.1111/j.1365-3091.1965.tb01284.x
http://www.sciencedirect.com/science/article/pii/0301926894901120
http://www.sciencedirect.com/science/article/pii/0301926894901120
http://dx.doi.org/10.1306/212f8e18-2b24-11d7-8648000102c1865d
http://dx.doi.org/10.1306/212f8e18-2b24-11d7-8648000102c1865d
http://www.sciencedirect.com/science/article/pii/0301926884900676
http://www.sciencedirect.com/science/article/pii/0301926884900676
http://www.sciencedirect.com/science/article/pii/004019518190086X
http://www.sciencedirect.com/science/article/pii/004019518190086X
http://dx.doi.org/10.1306/212f6ba4-2b24-11d7-8648000102c1865d
http://dx.doi.org/10.1306/212f6ba4-2b24-11d7-8648000102c1865d
http://www.sciencedirect.com/science/article/pii/S0301926810000823
http://www.sciencedirect.com/science/article/pii/S0301926810000823
http://www.sciencedirect.com/science/article/pii/S0301926810000823
https://www.sciencebase.gov/catalog/item/4f4e4b32e4b07f02db6b46f2
https://www.sciencebase.gov/catalog/item/4f4e4b32e4b07f02db6b46f2
https://www.sciencebase.gov/catalog/item/4f4e4b32e4b07f02db6b46f2
http://doi.wiley.com/10.1111/j.1365-3091.1993.tb01343.x
http://doi.wiley.com/10.1111/j.1365-3091.1993.tb01343.x
http://doi.wiley.com/10.1111/j.1365-3091.1996.tb01505.x
http://doi.wiley.com/10.1111/j.1365-3091.1996.tb01505.x
http://www.sciencedirect.com/science/article/pii/003707389290003A
http://dx.doi.org/10.1306/212f7f40-2b24-11d7-8648000102c1865d
http://dx.doi.org/10.1306/212f7f40-2b24-11d7-8648000102c1865d


Neuweiler, F., Turner, E. & Burdige, D. Early Neoproterozoic origin of the metazoan
clade recorded in carbonate rock texture. Geology 37, 475–478 (2009)

Earhart, R., Grimes, D., Leinz, R., Marks, L. & Peterson, D. Mineral resources of the
proposed additions to the Scapegoat Wilderness, Powell and Lewis and Clark counties,
Montana, with a section on geophysical surveys. Tech. Rep., USGS (1977)

Edited by Dyman, T., Rice, D. & Westcott, P. Geologic controls of deep natural gas
resources in the United States. Tech. Rep., USGS (1997)

Tazaki, K., Ferris, F., Wiese, R. & Fyfe, W. Iron and graphite associated with fossil
bacteria in chert. Chemical Geology 95, 313–325 (1992)

Soto, D., Mann, P. & Escalona, A. Miocene-to-recent structure and basinal architecture
along the Central Range strike-slip fault zone, eastern o↵shore Trinidad. Marine and
Petroleum Geology 28, 212–234 (2011)

Lavoie, D., Bourque, P. & Héroux, Y. Early Silurian carbonate platforms in the Ap-
palachian orogenic belt: the Sayabec – La Vieille formations of the Gaspé–Matapédia
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