
Building a useful (and persistently-identified) 
digital crust 

Daven P. Quinn, UW–Madison Department of Geoscience

FAIROS PIDs workshop, UC–Boulder, September 2023https:///macrostrat.org/map



MACROSTRAT

A quantitative, 
descriptive data 
system for 
geological 
information



Shallow marine

2500 2000 1500 1000 500 0

0
5,

00
0

10
,0

00

Geologic time (Ma)

A
re

a 
(1

00
0 

km
^2

)

CzMzPzNptzMptzPptzNarc

Shallow-marine sedimentary rock area through geologic time

LETTER
doi:10.1038/nature10969

Formation of the ‘Great Unconformity’ as a trigger
for the Cambrian explosion
Shanan E. Peters1 & Robert R. Gaines2

The transition between the Proterozoic and Phanerozoic eons,
beginning 542 million years (Myr) ago, is distinguished by the
diversification of multicellular animals and by their acquisition of
mineralized skeletons during the Cambrian period1. Considerable
progress has been made in documenting and more precisely correl-
ating biotic patterns in the Neoproterozoic–Cambrian fossil record
with geochemical and physical environmental perturbations2–5, but
the mechanisms responsible for those perturbations remain uncer-
tain1,2. Here we use new stratigraphic and geochemical data to show
that early Palaeozoic marine sediments deposited approximately
540–480 Myr ago record both an expansion in the area of shallow
epicontinental seas and anomalous patterns of chemical sedimenta-
tion that are indicative of increased oceanic alkalinity and enhanced
chemical weathering of continental crust. These geochemical
conditions were caused by a protracted period of widespread
continental denudation during the Neoproterozoic followed by
extensive physical reworking of soil, regolith and basement rock
during the first continental-scale marine transgression of the
Phanerozoic. The resultant globally occurring stratigraphic surface,
which in most regions separates continental crystalline basement
rock from much younger Cambrian shallow marine sedimentary
deposits, is known as the Great Unconformity6. Although Darwin
and others have interpreted this widespread hiatus in sedimenta-
tion on the continents as a failure of the geologic record, this palaeo-
geomorphic surface represents a unique physical environmental
boundary condition that affected seawater chemistry during a time
of profound expansion of shallow marine habitats. Thus, the forma-
tion of the Great Unconformity may have been an environmental
trigger for the evolution of biomineralization and the ‘Cambrian
explosion’ of ecologic and taxonomic diversity following the
Neoproterozoic emergence of animals.

The term Great Unconformity was first used in the year 1869 to
describe the prominent stratigraphic surface in the Grand Canyon that
separates the shallow marine, ,525-Myr-old Cambrian Tapeats
Sandstone from the underlying metamorphosed, 1,740-Myr-old
Vishnu Schist and structurally tilted sedimentary rocks of the 1,200–
740 Myr-old Grand Canyon Supergroup6. The Great Unconformity is
well exposed in the Grand Canyon, but this geomorphic surface, which
records the erosion and weathering of continental crust followed by
sediment accumulation, can be traced across Laurentia and globally,
including Gondwana7,8, Baltica9, Avalonia9 and Siberia10, making it the
most widely recognized and distinctive stratigraphic surface in the rock
record. It is also notable because the Cambrian sediments that overlie it
in many regions preserve the first skeletonized crown-group animals, a
fact that some palaeontologists have interpreted as evidence for stra-
tigraphic bias and an incomplete record of early animal evolution1,6.

Here we use stratigraphic and lithologic data for 21,521 rock units
from 830 geographic locations in North America, in conjunction with
petrologic and geochemical data (Methods; see also Supplementary
Information), to explore the hypothesis that the formation of the
Great Unconformity is causally linked to the evolution of biominer-
alization; this linkage is proposed to occur by means of the geochemical

effects of prolonged continental denudation followed by enhanced
physical and chemical weathering of continental crust during terminal
Ediacaran and Cambrian time.

The Cambrian- to Early Ordovician-aged sediments of the Sauk
Sequence11,12 that overlie the Great Unconformity are time-transgressive,
such that Early Cambrian sediments occur on the margins of the
palaeocontinents and Late Cambrian sediments overlie the Great
Unconformity in continental interiors (Fig. 1). The spatial extent of
the Sauk Sequence is comparable to other Phanerozoic continent-scale
sedimentary sequences11,12, but its geological characteristics are
unique. In most places, undeformed Cambrian sedimentary rocks
deposited on Earth’s surface rest non-conformably on much older
continental crystalline basement rocks, many of which were formed
and/or metamorphosed within the Earth’s crust (Fig. 2a). Thus, the
Great Unconformity marks the termination of an extended period of
continental denudation that exhumed and exposed large areas of
igneous and metamorphic rocks to subaerial weathering before marine
transgression and subsequent sedimentation.

Continental-scale marine transgression during the Cambrian–Early
Ordovician accentuated rates of weathering on the Great Unconformity
by shifting landward the position of the erosive transgressive shoreface
system, often called the ‘wave-base razor’13, as well as adjacent trans-
itional backshore, aeolian and fluvial systems. As a result, much of the
soil and weathered basement rock (regolith) that covered low-relief
continental interiors7 was eroded and mobilized during the transgres-
sion, thereby exposing silicate mineral surfaces to weathering over an
area that is unprecedented in the rock record (Fig. 2a). This is import-
ant because freshly exposed rock weathers chemically at rates more
than three times faster than undisturbed soils and regolith14,15, and
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Figure 1 | Sauk Sequence in North America. Distribution and age of the
oldest Phanerozoic sedimentary rocks in North America.

1 9 A P R I L 2 0 1 2 | V O L 4 8 4 | N A T U R E | 3 6 3

Macmillan Publishers Limited. All rights reserved©2012

LETTER
doi:10.1038/nature10969

Formation of the ‘Great Unconformity’ as a trigger
for the Cambrian explosion
Shanan E. Peters1 & Robert R. Gaines2

The transition between the Proterozoic and Phanerozoic eons,
beginning 542 million years (Myr) ago, is distinguished by the
diversification of multicellular animals and by their acquisition of
mineralized skeletons during the Cambrian period1. Considerable
progress has been made in documenting and more precisely correl-
ating biotic patterns in the Neoproterozoic–Cambrian fossil record
with geochemical and physical environmental perturbations2–5, but
the mechanisms responsible for those perturbations remain uncer-
tain1,2. Here we use new stratigraphic and geochemical data to show
that early Palaeozoic marine sediments deposited approximately
540–480 Myr ago record both an expansion in the area of shallow
epicontinental seas and anomalous patterns of chemical sedimenta-
tion that are indicative of increased oceanic alkalinity and enhanced
chemical weathering of continental crust. These geochemical
conditions were caused by a protracted period of widespread
continental denudation during the Neoproterozoic followed by
extensive physical reworking of soil, regolith and basement rock
during the first continental-scale marine transgression of the
Phanerozoic. The resultant globally occurring stratigraphic surface,
which in most regions separates continental crystalline basement
rock from much younger Cambrian shallow marine sedimentary
deposits, is known as the Great Unconformity6. Although Darwin
and others have interpreted this widespread hiatus in sedimenta-
tion on the continents as a failure of the geologic record, this palaeo-
geomorphic surface represents a unique physical environmental
boundary condition that affected seawater chemistry during a time
of profound expansion of shallow marine habitats. Thus, the forma-
tion of the Great Unconformity may have been an environmental
trigger for the evolution of biomineralization and the ‘Cambrian
explosion’ of ecologic and taxonomic diversity following the
Neoproterozoic emergence of animals.

The term Great Unconformity was first used in the year 1869 to
describe the prominent stratigraphic surface in the Grand Canyon that
separates the shallow marine, ,525-Myr-old Cambrian Tapeats
Sandstone from the underlying metamorphosed, 1,740-Myr-old
Vishnu Schist and structurally tilted sedimentary rocks of the 1,200–
740 Myr-old Grand Canyon Supergroup6. The Great Unconformity is
well exposed in the Grand Canyon, but this geomorphic surface, which
records the erosion and weathering of continental crust followed by
sediment accumulation, can be traced across Laurentia and globally,
including Gondwana7,8, Baltica9, Avalonia9 and Siberia10, making it the
most widely recognized and distinctive stratigraphic surface in the rock
record. It is also notable because the Cambrian sediments that overlie it
in many regions preserve the first skeletonized crown-group animals, a
fact that some palaeontologists have interpreted as evidence for stra-
tigraphic bias and an incomplete record of early animal evolution1,6.

Here we use stratigraphic and lithologic data for 21,521 rock units
from 830 geographic locations in North America, in conjunction with
petrologic and geochemical data (Methods; see also Supplementary
Information), to explore the hypothesis that the formation of the
Great Unconformity is causally linked to the evolution of biominer-
alization; this linkage is proposed to occur by means of the geochemical

effects of prolonged continental denudation followed by enhanced
physical and chemical weathering of continental crust during terminal
Ediacaran and Cambrian time.

The Cambrian- to Early Ordovician-aged sediments of the Sauk
Sequence11,12 that overlie the Great Unconformity are time-transgressive,
such that Early Cambrian sediments occur on the margins of the
palaeocontinents and Late Cambrian sediments overlie the Great
Unconformity in continental interiors (Fig. 1). The spatial extent of
the Sauk Sequence is comparable to other Phanerozoic continent-scale
sedimentary sequences11,12, but its geological characteristics are
unique. In most places, undeformed Cambrian sedimentary rocks
deposited on Earth’s surface rest non-conformably on much older
continental crystalline basement rocks, many of which were formed
and/or metamorphosed within the Earth’s crust (Fig. 2a). Thus, the
Great Unconformity marks the termination of an extended period of
continental denudation that exhumed and exposed large areas of
igneous and metamorphic rocks to subaerial weathering before marine
transgression and subsequent sedimentation.

Continental-scale marine transgression during the Cambrian–Early
Ordovician accentuated rates of weathering on the Great Unconformity
by shifting landward the position of the erosive transgressive shoreface
system, often called the ‘wave-base razor’13, as well as adjacent trans-
itional backshore, aeolian and fluvial systems. As a result, much of the
soil and weathered basement rock (regolith) that covered low-relief
continental interiors7 was eroded and mobilized during the transgres-
sion, thereby exposing silicate mineral surfaces to weathering over an
area that is unprecedented in the rock record (Fig. 2a). This is import-
ant because freshly exposed rock weathers chemically at rates more
than three times faster than undisturbed soils and regolith14,15, and

1Department of Geoscience, University of Wisconsin, Madison, Wisconsin 53706, USA. 2Geology Department, Pomona College, Claremont, California 91711, USA.

542

488

Ea
rly

La
te

M
id

dl
e

Ea
rly

O
rd

ov
ic

ia
n

C
am

br
ia

n

472

M
yr

 a
go

Figure 1 | Sauk Sequence in North America. Distribution and age of the
oldest Phanerozoic sedimentary rocks in North America.

1 9 A P R I L 2 0 1 2 | V O L 4 8 4 | N A T U R E | 3 6 3

Macmillan Publishers Limited. All rights reserved©2012

LETTER
doi:10.1038/nature10969

Formation of the ‘Great Unconformity’ as a trigger
for the Cambrian explosion
Shanan E. Peters1 & Robert R. Gaines2

The transition between the Proterozoic and Phanerozoic eons,
beginning 542 million years (Myr) ago, is distinguished by the
diversification of multicellular animals and by their acquisition of
mineralized skeletons during the Cambrian period1. Considerable
progress has been made in documenting and more precisely correl-
ating biotic patterns in the Neoproterozoic–Cambrian fossil record
with geochemical and physical environmental perturbations2–5, but
the mechanisms responsible for those perturbations remain uncer-
tain1,2. Here we use new stratigraphic and geochemical data to show
that early Palaeozoic marine sediments deposited approximately
540–480 Myr ago record both an expansion in the area of shallow
epicontinental seas and anomalous patterns of chemical sedimenta-
tion that are indicative of increased oceanic alkalinity and enhanced
chemical weathering of continental crust. These geochemical
conditions were caused by a protracted period of widespread
continental denudation during the Neoproterozoic followed by
extensive physical reworking of soil, regolith and basement rock
during the first continental-scale marine transgression of the
Phanerozoic. The resultant globally occurring stratigraphic surface,
which in most regions separates continental crystalline basement
rock from much younger Cambrian shallow marine sedimentary
deposits, is known as the Great Unconformity6. Although Darwin
and others have interpreted this widespread hiatus in sedimenta-
tion on the continents as a failure of the geologic record, this palaeo-
geomorphic surface represents a unique physical environmental
boundary condition that affected seawater chemistry during a time
of profound expansion of shallow marine habitats. Thus, the forma-
tion of the Great Unconformity may have been an environmental
trigger for the evolution of biomineralization and the ‘Cambrian
explosion’ of ecologic and taxonomic diversity following the
Neoproterozoic emergence of animals.

The term Great Unconformity was first used in the year 1869 to
describe the prominent stratigraphic surface in the Grand Canyon that
separates the shallow marine, ,525-Myr-old Cambrian Tapeats
Sandstone from the underlying metamorphosed, 1,740-Myr-old
Vishnu Schist and structurally tilted sedimentary rocks of the 1,200–
740 Myr-old Grand Canyon Supergroup6. The Great Unconformity is
well exposed in the Grand Canyon, but this geomorphic surface, which
records the erosion and weathering of continental crust followed by
sediment accumulation, can be traced across Laurentia and globally,
including Gondwana7,8, Baltica9, Avalonia9 and Siberia10, making it the
most widely recognized and distinctive stratigraphic surface in the rock
record. It is also notable because the Cambrian sediments that overlie it
in many regions preserve the first skeletonized crown-group animals, a
fact that some palaeontologists have interpreted as evidence for stra-
tigraphic bias and an incomplete record of early animal evolution1,6.

Here we use stratigraphic and lithologic data for 21,521 rock units
from 830 geographic locations in North America, in conjunction with
petrologic and geochemical data (Methods; see also Supplementary
Information), to explore the hypothesis that the formation of the
Great Unconformity is causally linked to the evolution of biominer-
alization; this linkage is proposed to occur by means of the geochemical

effects of prolonged continental denudation followed by enhanced
physical and chemical weathering of continental crust during terminal
Ediacaran and Cambrian time.

The Cambrian- to Early Ordovician-aged sediments of the Sauk
Sequence11,12 that overlie the Great Unconformity are time-transgressive,
such that Early Cambrian sediments occur on the margins of the
palaeocontinents and Late Cambrian sediments overlie the Great
Unconformity in continental interiors (Fig. 1). The spatial extent of
the Sauk Sequence is comparable to other Phanerozoic continent-scale
sedimentary sequences11,12, but its geological characteristics are
unique. In most places, undeformed Cambrian sedimentary rocks
deposited on Earth’s surface rest non-conformably on much older
continental crystalline basement rocks, many of which were formed
and/or metamorphosed within the Earth’s crust (Fig. 2a). Thus, the
Great Unconformity marks the termination of an extended period of
continental denudation that exhumed and exposed large areas of
igneous and metamorphic rocks to subaerial weathering before marine
transgression and subsequent sedimentation.

Continental-scale marine transgression during the Cambrian–Early
Ordovician accentuated rates of weathering on the Great Unconformity
by shifting landward the position of the erosive transgressive shoreface
system, often called the ‘wave-base razor’13, as well as adjacent trans-
itional backshore, aeolian and fluvial systems. As a result, much of the
soil and weathered basement rock (regolith) that covered low-relief
continental interiors7 was eroded and mobilized during the transgres-
sion, thereby exposing silicate mineral surfaces to weathering over an
area that is unprecedented in the rock record (Fig. 2a). This is import-
ant because freshly exposed rock weathers chemically at rates more
than three times faster than undisturbed soils and regolith14,15, and

1Department of Geoscience, University of Wisconsin, Madison, Wisconsin 53706, USA. 2Geology Department, Pomona College, Claremont, California 91711, USA.

542

488

Ea
rly

La
te

M
id

dl
e

Ea
rly

O
rd

ov
ic

ia
n

C
am

br
ia

n

472

M
yr

 a
go

Figure 1 | Sauk Sequence in North America. Distribution and age of the
oldest Phanerozoic sedimentary rocks in North America.
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Macrostrat’s geologic map punts on hard problems!

Not a single map…a best-
effort harmonization 
across many maps with a 
variety of core 
assumptions

• NOT seamless map units 

• Source boundaries are often 
quite apparent

is is controversial 
among data curators!
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Macrostrat – A platform for geological exploration Web interface

https:///macrostrat.org/map
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GETTING MORE GEOLOGICAL INFORMATION INTO THIS FRAMEWORK

Lance Formation

Meeteetse Formation

Mesaverde Formation

Detrital-zircon geochronology

• Geologic unit name forms a “primary key” that defines 
the relationship! 

• Of course, labs often don’t track this data 😕 

•



https://www.usgs.gov/data-management/describe-metadatadocumentation

SOLUTION: METADATA TRACKING!

Vocabulary management interface

Exhortative explainer for agency staff

Scary (and required) metadata wizard

Need for good 
metadata is 
recognized in 
geoscience 

USGS has a metadata 
mandate, supported by 
workflows, data curation 
staff, and tools
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Academic labs live in a world of Excel

1000s of files 
spanning 10+ 
years of 
operation

Neither funding nor expertise to 
implement better data workflows

Each lab has 
different file 
formats, data 
standards, etc.



Web-based metadata management 
platform for a geochemical lab’s data archive

• Set embargo for projects and samples 
• Manage project- and sample-level metadata 
• Search and link publications 
• Access analytical data 
• Import, export, and track original data files

https://sparrow-data.org

Sparrow

https://sparrow-data.org


• Summary statistics 

• Publications links 

• Maps of samples 

• Sample-specific 
information 

• Helps fulfill open-data and 
reporting requirements 

• Extensible for method-
specific needs

A public data portal

https://sparrow-data.org

Sparrow’s role in labs

🥕

https://sparrow-data.org


Sparrow’s database
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Metadata tables 
Geological context, publication 
status, embargo…
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AnalysisDatum Session

An instance of space- or 
time-resolved data collection
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originally collected for analysis

Sample
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session
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Sparrow’s database

https://sparrow-data.org

Metadata tables 
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!e geologic material that was
originally collected for analysis

Sample

Instrument
session

ORCID
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DOI
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A platform for data curation

https://sparrow-data.org


WiscAr (Igneous 40Ar/39Ar)

DATA PRODUCERS (LABS/ANALYTICAL PIPELINES)

Arizona LaserChron Center (Detrital Zircon)

Sparrow
DZ plugins

Sparrow
40Ar/39Ar 
plugins

congruent pipelines for Boise State IGL, NMGRL, 
WiscSIMS and others

Legacy AgeCalcLegacy AgeCalc

Legacy ArArCalcLegacy ArArCalc

LA-ICP-MS
Detrital and 
igneous U-Pb

LA-ICP-MS
Detrital and 
igneous U-Pb

Noble-gas MS
40Ar/39Ar
Noble-gas MS
40Ar/39Ar

PyChronPyChron

AgeCalcMLAgeCalcML

DRI Luminescence Lab (OSL)

Sparrow
OSL plugins

Photon ReaderPhoton Reader OSL AnalystOSL Analyst

ICP-AESICP-AES

ICP-MSICP-MS

DRACDRAC ExcelExcel

GEOCHRONOLOGY
DATA CONSUMERS

Geochron.orgGeochron.org

Propagation of
ages + sample context 
into scientific record

NeotomaNeotomaMacrostratMacrostrat

PaleoBioDBPaleoBioDB

Published 
literature

SESAR (IGSN)SESAR (IGSN)

Earth Models

Archival Facilities

Domain-Specific 
Data Compilations

new automated

connections

 manual data 
transfer and 

reporting

Samples + 
geologic 
context

and many others!

Vision: connecting lab data systems to the community

…in a way where labs also benefit on their own terms
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• In-situ stable isotope geochemistry (SIMS) 
• Electron Microprobe 
• Carbon radioisotopes/AMS (planned)

Microprobe lab

But really, how is it going? (five years in)

One operational pipeline

Academic labs lack expertise to implement/
manage metadata tracking. 
It is just not their core task and is treated accordingly. 
Even with purpose-built software, the “last-mile” 
problem is difficult to solve.

https://sparrow-data.org
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https:///xdd.wisc.edu

Macrostrat is linked to the xDD (formerly, 
GeoDeepDive) machine reading library, data 
infrastructure, and API

• Detecting and surfacing references to geologic 
units in the scientific literature 

• ese aren’t real metadata-level links, but they are 
pretty useful

Final note: Automation to the rescue? 🤖

https://xdd.wisc.edu

