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Shallow-marine sedimentary rock area through geologic time

Area (1000 km”2)

10,000

5,000

LETTER

doi:10.1038/nature10969

Formation of the ‘Great Unconformity’ as a trigger

for the Cambrian explosion

Shanan E. Peters' & Robert R. Gaines?

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 period'. 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 perturbations®~, but
the mechanisms responsible for those perturbations remain uncer-
tain". 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 bv a protracted veriod of widespbread

Narc

Ordovician

488

> o
S 2
> e
> =

8

£

©

(@]
>
@
L

542

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!

Omaha

Bellevue ~ o NOT seamless map units

e Source boundaries are often
Grand Island quite apparent

Lincoln

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

Beatrice

This is controversial
among data curators!

Atchis

© Mapbox Improve this map | © Mapbox © OpenStreetMap Improve this map



- -— e - — d e T .

et C—— - - -~

Macrostrat - A platform for ge

e

ological exploration Web interface

=T e S — —— —————
i |
e e ~ - Q -110.6935,48.2710 881m|2890ft X

Geologic map via providers, Macrostrat A

Name: Claggett Formation

Campanian
Age: 83.6ma-72.1m

Stratigraphic name(s): Claggett Formation
Lithology: Major:{shale}, Minor:{sandstone}

Description: Dark gray to gray shale that weathers brown, with
thin, gray sandstone laminae and beds in upper or middle part and
calcareous concretions in lower part. Marine. Thickness as much as
170 m (558 ft).

Original map source: Vuke, S.M., Porter, KW., Lonn, J.D., and Lopez,
D.A., 2007, Geologic Map of Montana - Compact Disc: Montana
Bureau of Mines and Geology: Geologic Map 62-C, 73 p., 2 sheets,
scale 1:500,000. This map was digitized in2012 asar... v

Source: Horton, J.D., C.A. San Juan, and D.B. Stoeser, 2017, The State
Geologic Map Compilation (SGMC) geodatabase of the conterminous
United States: U.S. Geological Survey Data Series 1052, doi: 10.3133/ds1052.
133 /2984391

Macrostrat-linked data via Macrostrat A
Claggett Formation Matched stratigraphic unit ~ ***
Age: Cam pania n Refined using the vee

80.725Ma - '74.975Ma Macrostrat age model.

Thickness: 27-408m
Fossil collections: 3

Fossil occurrences: 3

& - . Llithology: siliciclastic
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View and contribute local
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GETTING MORE GEOLOGICAL INFORMATION

Detrital-zircon geochronology
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GETTING MORE GEOLOGICAL INFORMATION

Detrital-zircon geochronology Bighorn Basin

Lance Formation

4 Tatman Formation
RR " Willwood Formation
: Fort Union Formation

Lance Formation

hale
.N\“f./\ T T . L ——— Meeteetse ro
0.5 1 1.5 2 25 3 - — Teapot Sandstone Member
Mesaverde Formation
Age (Ga) Cody Shale
— Frontier Formation
Meeteetse Formation
Mowry Shale

—__—— Muddy Sandstone Member
———— Thermopolis Shale

; Cloverly Formation
T
0.5 1 1.5 2 2.5 3
Age (Ga) Morrison Formation
Mesaverde Formation endence Fomater
o
N~ —— Gypsum Spring Formation
© o e T
ety
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. Geologic unit name forms a “primary kéy” that defines

the relationship!

* Of course, labs often don’t track this data ¢
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SOLUTION: METADATA TRACKING!
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This includes acquisition, processing, and analysis, but™ %, . — e aow

mandate, supp OrtEd by may touch upon any stage of the lifecycle. Updated and

. complete metadata are critical to maintaining data Vocabulary management interface
workflows, data curation .y

'3 Metadata Wizard - Midway coastliine_N83_WV2_2010)an14_FGDC.xml SRIC RS

Identification Data Quality Spatial Entity and Attribute Distribution Metadata Reference

staff, and to OIS Exhortative explainer for agency staff

’
§ FGDC Validation Errors L2 [l

Citation
The value for 'origin' cannot be empty -
Dataset Title Element 'pubdate’: " is not a valid value of the union type 'pubdateType'.
A good title includes 'What, 'Where', and 'When' (Example: Point Locations of W The value for 'title' cannot be empty

N | Thevalue for abstract’ cannot be empty

The value for 'purpose’ cannot be empty

m

m

Dataset Author/ Originator Element 'begdate”: " is not a valid value of the union type 'begdateType'.
Who created the dataset? List the organization and/or person(s) Element 'enddate: " is not a valid value of the union type 'enddateType'.
[Add originator“ e ] The value for 'current’ cannot be empty

Element 'progress": [facet 'enumeration’] The value " is not an element of the set {'Complete’, 'In work’, '

The 'keywords' is missing the expected element(s) 'theme'

The value for 'accconst’ cannot be empty
Is this dataset part of a series? 2 Yes @ No | Can VOUI The value for 'useconst’ cannot be empty
Is it a release with an assigned issue number (e.q. USGS Data Series) | More de The value for 'cntper’ cannot be empty

The value for 'addrtype’ cannot be empty

The value for 'address' cannot be empty =
Larger Work The value for 'city’ cannot be empty

The value for 'state’ cannot be empty
Is this dataset associated with a larger work? Yes @ No If The value for ‘postal’ cannot be empty

The value for 'cntvoice’ cannot be empty

The value for 'attracer’ cannnt he emntv
Data Access Constraints < m »

Describe any restrictions of legal prerequisites for ACCESSING the dataset. Access Vide a description of the dataser.

may include restrictions applied to assure the protection of privacy or intellectual property, and any

o _

_ _ Scary (and required) metadata wizard
https://www.usgs.gov/data-management/describe-metadatadocumentation



Academic labs live in a world of Excel

AutoSave @orF (1) B v O X3 Data_Reduction_Sheet_repaired

Home Insert Draw Page Layout Formulas Data Review View Q Tell me 1@ Share ) Comments 1 O O O S Of ﬁ].es

A v = | — e
1" & Helv vi10 v [EAEEE = 8= v ab, Wrap Text v Number v v {/J' v j . G Insert v 2 é? S /C) v [(dn)- o O
0 f. T Bower O = spanning 10+
Paste Bl e v AV = = = = o5-— Merge & Center v O <0 .00 Conditional Format Cell = Sort& Find & Analyze Sensitivity
« o o — — - e e : $ /O ) i Formatting as Table Styles EEE] Format v 0 v Filter  Select Data
A A . .
C4 < fx  ='Picking Information'!H9 y ears O f
| J K L M N o} P Q R S T U v W X Y, Z AA AB AC AD AE AF
[ J
. . Aaw Date | operation
try Mineral Np Dim Mass (ug) rs (um) (nmol/g) + U (ppm) + Th (ppm) + Sm (ppm) + el 4He (ncc) + Re (%) U (ng) + Th (ng) + Sm (ng) + Th/U (Ma)
" . 4He Raw Date |

try Mineral Np Dim Mass (ug) rs (um) (nmol/g) * U (ppm) * Th (ppm) * Sm (ppm) * eU 4He (ncc) * Re (%) U (ng) * Th (ng) * Sm (ng) * Th/U (Ma)
’
2
3 z 1 0.93 31.87 40.559 0.194 155.64 1.87 54.28 1.19 0.00 F#DIv/o! 168.4 0.849 0.004 100.0 0.1454 0.002 0.0507 0.001 0.0000 0.000 0.349 44.52
4 | z 2 2.56 42.38 138.777  0.411 281.86 5.16 102.73 1.47 0.00 F#DIvio!  306.0 7.967 0.024 100.0 0.7219 0.013 0.2631 0.004 0.0000 0.000 0.364 83.53
5 z 2 4.80 55.11 205.913  0.599 452.70 7.12 195.01 2.25 0.00 F#DIvio! 4985 22.152 0.064 100.0 2.1728 0.034 0.9360 0.011 0.0000 0.000 0.431 76.12
6 z 2 4.12 49.31 899.300  2.531 5223.55 84.02 846.04 10.48 0.00 F#DIV/o! 5422.4  82.973 0.234 100.0 21.5022  0.346 3.4827 0.043 0.0000 0.000 0.162 30.70
7 z 2 3.97 50.28 103.972  0.305 305.57 6.53 157.54 3.88 0.00 F#DIvior 3426 9.262 0.027 100.0 1.2145 0.026 0.6261 0.015 0.0000 0.000 0.516 56.02
8 z 2 2.80 44.99 219.658  0.627 491.14 8.68 441.54 8.65 0.00 F#DIv/o! 594.9 13.796 0.039 100.0 1.3762 0.024 1.2373 0.024 0.0000 0.000 0.899 68.06
9 z 2 4.47 44.66 136.464  0.401 384.74 6.23 202.19 5.45 0.00 F#DIvio! 4323 13.676 0.040 100.0 1.7203 0.028 0.9040 0.024 0.0000 0.000 0.526 58.27
10 z 2 2.24 33.49 75.761 0.233 190.59 2.96 204.57 5.51 0.00 F#DIv/o! 238.7 3.807 0.012 100.0 0.4273 0.007 0.4587 0.012 0.0000 0.000 1.073 58.55
11 z 2 2.69 39.47 109.186  0.350 334.90 5.97 122.65 1.25 0.00 Fa#DIvio! 363.7 6.573 0.021 100.0 0.8995 0.016 0.3294 0.003 0.0000 0.000 0.366 55.43
12 z 2 6.57 54.07 275.177  0.780 644.88 8.74 210.52 2.38 0.00 F#DIv/io! 694.3 40.509 0.115 100.0 4.2355 0.057 1.3827 0.016 0.0000 0.000 0.326 73.07
13 z 2 5.38 64.13 85.671 0.250 215.25 4.45 109.17 1.52 0.00 F#DIv/io! 240.9 10.339 0.030 100.0 1.1589 0.024 0.5878 0.008 0.0000 0.000 0.507 65.59
14 z 2 5.26 52.62 33.436 0.125 73.13 1.30 36.78 0.62 0.00 F#DIv/o! 81.8 3.940 0.015 100.0 0.3844 0.007 0.1934 0.003 0.0000 0.000 0.503 75.36
15 z 0 50.44 134.99 6.811 0.028 12.69 0.24 8.27 0.15 0.00 F#DIv/o! 14.6 7.700 0.032 100.0 0.6403 0.012 0.4172 0.008 0.0000 0.000 0.652 85.66
16 z 0 45.01 124.68 16.438 0.058 27.34 0.50 40.64 0.65 0.00 F#DIv/o! 36.9 16.584 0.058 99.6 1.2307 0.023 1.8292 0.029 0.0000 0.000 1.486 82.00
17 z 0 83.41 152.20 12.787 0.031 25.71 0.56 11.21 0.15 0.00 F#DIv/o! 28.3 23.907 0.058 100.0 2.1445 0.046 0.9354 0.013 0.0000 0.000 0.436 83.09
18 z 0 3.13 50.94 43.511 0.271 101.75 3.08 31.21 0.70 0.00 F#DIv/o! 109.1 3.051 0.019 100.0 0.3184 0.010 0.0977 0.002 0.0000 0.000 0.307 73.54
19 z 1 2.50 47.43 0.020 0.010 0.00 F #DIv/o! 1.31 0.03 0.00 F#DIv/io! 0.3 0.001 0.001 75.3 0.0000 0.000 0.0033 0.000 0.0000 0.000 ¥ #DIv/o! 12.23
20 z 1 1.35 37.94 0.046 0.017 0.00 F #DIv/o! 5.01 0.21 0.00 F#DIv/o! 1.2 0.001 0.001 27.5 0.0000 0.000 0.0068 0.000 0.0000 0.000 ¥ #DIv/o! 7.18
21 z 0 3.34 47.32 24.439 0.093 71.81 2.00 18.59 0.25 0.00 F#DIv/o! 76.2 1.829 0.007 100.0 0.2398 0.007 0.0621 0.001 0.0000 0.000 0.259 59.23
22 z 0 5.81 62.85 0.009 0.003 0.00 F #DIv/o! 0.91 0.03 0.00 F#DIv/o! 0.2 0.001 0.000 74.6 0.0000 0.000 0.0053 0.000 0.0000 0.000 ¥ #DIv/o! 7.39
23 z 0 2.34 48.52 46.766 0.235 130.03 1.74 102.50 2.69 0.00 F#DIv/o! 154.1 2.457 0.012 100.0 0.3048 0.004 0.2403 0.006 0.0000 0.000 0.788 56.00
24 z 0 14.86 87.73 18.156 0.075 28.79 0.77 23.87 0.57 0.00 F#DIv/o! 34.4 6.047 0.025 100.0 0.4278 0.011 0.3547 0.008 0.0000 0.000 0.829 97.06
25 z 2 14.38 74.24 216.536  1.055 337.90 3.79 187.07 2.57 0.00 F#DIviol 3819 69.788 0.340 100.0 4.8588 0.055 2.6900 0.037 0.0000 0.000 0.554 104.24
26 z 2 14.09 70.48 143.113  0.679 200.18 2.00 114.60 1.02 0.00 F#DIv/io! 227.1 45.206 0.215 100.0 2.8211 0.028 1.6150 0.014 0.0000 0.000 0.572 115.72
27 z 2 9.65 64.80 178.421  0.728 274.80 4.78 152.76 2.11 0.00 F#DIVIO! 3107 38.579 0.157 99.8 2.6509 0.046 1.4736 0.020 0.0000 0.000 0.556 105.55
28 z 2 9.07 64.27 238.133  0.783 444.08 5.44 178.36 2.49 0.00 F#DIvVio!  486.0 48.424 0.159 100.0 4.0289 0.049 1.6182 0.023 0.0000 0.000 0.402 90.19
29 z 2 13.67 73.23 219.312  0.578 381.45 5.50 160.74 2.05 0.00 F#DIVio! 4192 67.186 0.177 100.0 5.2136 0.075 2.1970 0.028 0.0000 0.000 0.421 96.24
30 z 2 3.66 47.11 0.054 0.003 1.08 0.14 0.00 F #DIv/o! 0.00 F #DIv/o! 1.1 0.004 0.000 53.2 0.0040 0.000 0.0000 0.000 0.0000 0.000 0.000 9.27 E h 1 b h
31 z 2 417 49.82 844.329  4.532 1638.61 44.87 580.49 12.17 0.00 F#DIVIo! 1775.0 78.983 0.424 99.7 6.8389 0.187 2.4228 0.051 0.0000 0.000 0.354 87.58 a.c a as
32 z 2 400.95 212.48 2.629 0.003 0.0416 0.0030 0.5512 0.0115 0.0000 ¥ #DIVIO!l  0.1711 23.627 0.026 21.0 0.0167 0.001 0.2210 0.005 0.0000 0.000 13.260 2542.80
33 z 2 261.86 222.52 2.749 0.000 0.1212 0.0052 0.0448 0.0018 0.0000 F #DIV/O!  0.1317 16.134 0.002 2.9 0.0317 0.001 0.0117 0.000 0.0000 0.000 0.370 2952.29 °
34 z 0 59.70 143.44 5.279 0.020 13.52 0.20 4.55 0.15 0.00 F#DIv/o! 14.6 7.064 0.027 100.0 0.8072 0.012 0.2714 0.009 0.0000 0.000 0.336 66.75 d]. ffe re nt ﬁl e
35 z 1 1.21 37.32 0.030 0.022 0.00 ¥ #DIv/io! 0.00 ¥ #DIv/io! 0.00 ¥ #DIv/o! 0.0 0.001 0.001 88.9 0.0000  0.000  0.0000 0.000 ©0.0000 ©0.000 ¥ #DIvo! ¥ #DIv/O!
36 z 2 8.58 66.01 96.771 0.515 665.51 7.52 371.85 10.09 0.00 Fa#DIvio! 7529 18.619 0.099 99.9 5.7127 0.065 3.1919 0.087 0.0000 0.000 0.559 23.79
37 z 2 4.80 50.88 66.388 0.259 449.99 9.75 281.34 3.24 0.00 F#DIv/o! 516.1 7.138 0.028 100.0 2.1586 0.047 1.3496 0.016 0.0000 0.000 0.625 23.81
38 z 2 14.03 75.23 36.573  0.184 249.26 3.95 146.62 1.94 0.00 F#DIvio! 2837 11.504 0.058 100.0 3.4980  0.055 2.0576  0.027  0.0000  0.000 0.588 23.86 O I'm at S at a
39 z 2 9.88 67.18 41.483 0.125 291.23 4.16 168.63 3.29 0.00 F#DIvio! 3309 9.187 0.028 100.0 2.8777 0.041 1.6663 0.033 0.0000 0.000 0.579 23.21 p J
40 z 2 11.67 71.88 17.455 0.058 125.12 2.01 78.10 0.97 0.00 F#DIv/o! 143.5 4.566 0.015 100.0 1.4604 0.023 0.9115 0.011 0.0000 0.000 0.624 22.52
a1 7 2 4 K7 K1 .13 KRR QR7 Nn176 439 28 8] 90 237 KRR 4 94 0.00 F #DIV/0! 495 1 6042 NN18 100.0 2 0076 0041 1 NRKAK 0. N23 0.0000 0000 0 k41 22 0A

4 ) PMS Data Spike Blanks Nb Blanks Multigrain Worksheet Calculations Page Alpha Ejection Compiler Alpha Ejection Calcs Alpha Ejection Constants Complete Summary Table + Sta_ | l da_rds ’ Etc °

1T

Ready EH E’ - eeme a4t 100%




Academic labs live in a world of Excel

AutoSave @ orf (1) B v () % Data_Reduction_Sheet_repaired

Home Insert Draw Page Layout Formulas Data Review View Q Tell me 1@ Share CJ Comments 1 O O O S Of ﬁ].es

lﬁ A v — —_— ™7 N |
D v & Helv vi 10 vi A A — B = D v 22 Wrap Text v Number v v {/_: v _j v & Insert v > Q\? & /C) > ._d]] B o 1 O
[ v e % Delete v [T] ~ = Spanning T
Paste BT [ L M A = = = = o5— M & Cent o) <0 .00 Conditional Format Cell — Sort& Find & Analyze Sensitivity
\9 = =Y V- - - oot — Vierge bk o $ - /O 2 Al Formatting as Table Styles EEH Format v O v Filter Select Data

ca : fx  ='Picking Information'!H9 years Of

| J K L M N 0 P Q R S T U Vv W X Y Z AA AB AC AD AE AF .
| | e Raw Date operation
try Mineral Np Dim Mass (ug) rs (um) (nmol/g) + U (ppm) + Th (ppm) + Sm (ppm) + eU 4He (ncc) + Re (%) U (ng) + Th (ng) + Sm (ng) + Th/U (Ma) P
" . 4He Raw Date |

try Mineral Np Dim Mass (ug) rs (um) (nmol/g) * U (ppm) * Th (ppm) * Sm (ppm) * eU 4He (ncc) * Re (%) U (ng) * Th (ng) * Sm (ng) * Th/U (Ma)
’
2
3 z 1 0.93 31.87 40.559 0.194 155.64 1.87 54.28 1.19 0.00 F#DIvio!  168.4 0.849 0.004 100.0 0.1454 0.002 0.0507  0.001 0.0000 0.000 0.349 44.52
4 z
5 z
6 z ® @ ®
7 z
8 z
9 z
10 z
11 z
12 z
13 : ®
14 z
15 z
16 z
17 z
18 z
19 V4 OU 47 .9 U.UZU J.U U U.UU FUIV/U! . U.U U.UU FUIV/U!T U. U.UU U.UU . U.UUUU U.UUU U.UU U.UUU U.UUUU U.UUU FUIV/U! .
20 z 1 1.35 37.94 0.046 0.017 000 ¥ #DIv/o! 5.01 0.21 0.00 F#DIv/o! 1.2 0.001 0.001 27.5 0.0000 0.000 0.0068 0.000 0.0000 0.000 F #DIv/o! 7.18
21 z 0 3.34 47.32 24.439 0.093 71.81 2.00 18.59 0.25 0.00 F #DIv/o! 76.2 1.829 0.007 100.0 0.2398 0.007 0.0621 0.001 0.0000 0.000 0.259 59.23
22 z 0 5.81 62.85 0.009 0.003 0.00 F #DIv/o! 0.91 0.03 0.00 F #DIv/o! 0.2 0.001 0.000 74.6 0.0000 0.000 0.0053 0.000 0.0000 0.000 ¥ #DIv/o! 7.39
23 z 0 2.34 48.52 46.766 0.235 130.03 1.74 102.50 2.69 0.00 F#DIvio!  154.1 2.457 0.012 100.0 0.3048 0.004 0.2403 0.006 0.0000 0.000 0.788 56.00
24 z 0 14.86 87.73 18.156 0.075 28.79 0.77 23.87 0.57 0.00 ¥ #DIv/o! 34.4 6.047 0.025 100.0 0.4278 0.011 0.3547  0.008 0.0000 0.000 0.829 97.06
25 z 2 14.38 74.24 216.536  1.055 337.90 3.79 187.07 2.57 0.00 F#DIvior 381.9 69.788 0.340 100.0 4.8588 0.055 2.6900 0.037 0.0000 0.000 0.554 104.24
26 z 2 14.09 70.48 143.113  0.679 200.18 2.00 114.60 1.02 0.00 F#DIvior 227.1 45.206 0.215 100.0 2.8211 0.028 1.6150 0.014 0.0000 0.000 0.572 115.72
27 z 2 9.65 64.80 178.421  0.728 274.80 4.78 152.76 2.11 0.00 Fa#DIviol 3107 38.579 0.157 99.8 2.6509 0.046 1.4736 0.020 0.0000 0.000 0.556 105.55
28 z 2 9.07 64.27 238.133  0.783 444.08 5.44 178.36 2.49 0.00 F#DIv/io!  486.0 48.424 0.159 100.0 4.0289 0.049 1.6182 0.023 0.0000 0.000 0.402 90.19
29 z 2 13.67 73.23 219.312  0.578 381.45 5.50 160.74 2.05 0.00 Fa#DIviol  419.2 67.186 0.177 100.0 5.2136 0.075 2.1970 0.028 0.0000 0.000 0.421 96.24
30 z 2 3.66 47.11 0.054 0.003 1.08 0.14 000 ¥ #DIv/o! 0.00 ¥ #DIv/o! 1.1 0.004 0.000 53.2 0.0040 0.000 0.0000 0.000 0.0000 0.000 0.000 9.27 E h l b h
31 z 2 4.17 49.82 844.329  4.532 1638.61 44.87 580.49 12.17 000 F#DIvio! 17750  78.983 0.424 99.7 6.8389 0.187 2.4228 0.051 0.0000 0.000 0.354 87.58 a.C a. as
32 z 2 400.95 212.48 2.629 0.003 0.0416 0.0030 0.5512 0.0115 0.0000 F#DIV/O! 0.1711 23.627 0.026 21.0 0.0167 0.001 0.2210 0.005 0.0000 0.000 13.260 2542.80
33 z 2 261.86 222.52 2.749 0.000 0.1212 0.0052 0.0448 0.0018 0.0000 F #DIV/O! 0.1317  16.134 0.002 2.9 0.0317 0.001 0.0117  0.000 0.0000 0.000 0.370 2952.29 °
34 z 0 59.70 143.44 5.279 0.020 13.52 0.20 4.55 0.15 0.00 F #DIv/o! 14.6 7.064 0.027 100.0 0.8072 0.012 0.2714 0.009 0.0000 0.000 0.336 66.75 dlffe rent ﬁle
35 z 1 1.21 37.32 0.030 0.022 0.00 F #DIv/o! 0.00 F #DIv/o! 0.00 F #DIv/o! 0.0 0.001 0.001 88.9 0.0000 0.000 0.0000 0.000 0.0000 0.000 ¥ #DIvior ¥ #DIv/o!
36 z 2 8.58 66.01 96.771 0.515 665.51 7.52 371.85 10.09 0.00 Fa#DIviol  752.9 18.619 0.099 99.9 5.7127 0.065 3.1919 0.087 0.0000 0.000 0.559 23.79
37 z 2 4.80 50.88 66.388 0.259 449.99 9.75 281.34 3.24 0.00 F#DIvio! 516.1 7.138 0.028 100.0 2.1586 0.047 1.3496 0.016 0.0000 0.000 0.625 23.81
38 z 2 14.03 75.23 36.573 0.184 249.26 3.95 146.62 1.94 0.00 F#DIvio! 2837 11.504 0.058 100.0 3.4980 0.055 2.0576 0.027 0.0000 0.000 0.588 23.86 fo rmats data
39 z 2 9.88 67.18 41.483 0.125 291.23 4.16 168.63 3.29 0.00 F#DIvio!  330.9 9.187 0.028 100.0 2.8777 0.041 1.6663 0.033 0.0000 0.000 0.579 23.21 p J
40 z 2 11.67 71.88 17.455 0.058 125.12 2.01 78.10 0.97 0.00 F#DIV/O! 1435 4.566 0.015 100.0 1.4604 0.023 0.9115 0.011 0.0000 0.000 0.624 22.52
a1 7 2 4 K7 5113 KRR OQR7 01748 439 28 8] 90 237 KRR 4 94 0.00 F #DIV/0! 495 1 6. 042 N018 100.0 2 0076 0.041 1 NRKAK 0.N23 0.0000 0.000 0 K41 22 0A

« » | opuspa Complete Summary Table. + standards, etc.
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Sparrow

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

CU TRalL Admin

import-grain-images

1 Starting task

f /data/Photographs
; /data/Photographs
5

6 /data/Photographs
7

8 /data/Photographs
9

10 /data/Photographs
11

12 /data/Photographs
13

14 /data/Photographs

[
U

https://sparrow-data.org

Metadata

Options Vv

and

and

and

and

and

and

and

Measurement

Measurement

Measurement

Measurement

Measurement

Measurement

Measurement

Map Terms

Start P

Data/UG85-1_bp_z05b.tif
Data/UG96-1_bp_z06b.tif
Data/UG96-1_bp_z05a.tif
Data/UG96-1_bp_z06a.tif
Data/UG85-1_bp_z06a.tif
Data/UG96-1_bp_z04b.tif

Data/UG96-1_bp_z01b.tif

WiscAr Admin API Explorer 9 test
Admin views Base Projects Sessions
Projects

Delarof Islands Magmatic Evolution
Eocene to Pleistocene magmatic evolution of the Delarof Islands, Aleutian Arc

Publications
Eocene to Pleistocene magmatic evolution of the Delarof Islands, Aleutian Arc —p01: 10.1002/2015GC006067

Researchers
No researchers

Samples
AMT-13-11 AMT-13-10 SKA-13-3 SKA-13-2 SKA-13-1 KAV-13-2
Amatignak Island Amatignak Island Skagul Island Skagul Island Skagul Island Kavalga Island
gabbro gabbro basaltic andesite basalt andesite basalt

DRI Luminescence Laboratory Admin  API Explorer 2 test
Admin A Projects Samples Sessions
C & Test Sessions > 79

Monday, January 1st, 2018

Sample Project Technique
v/ Connected HWV-TP-1-1 Hawksy Walksy Valley OSL
quartz
Analysis details

Mineral Separation

Material

mineral separate > multi-grain separate

Data
mask size: 4.00 mm
minimum grain size: 180 um

maximum grain size: 250 um


https://sparrow-data.org

Sparrow’s role in labs

Boise State IGL Admin API| Explorer 9% test

®
A PU blic data portal About the lab
The Boise State University Isotope Geology Laboratory (IGL) is a state-of-the-art facility for the analysis of radiogenic isotopes

in Earth materials, with a focus on in situ and high-precision geochronology (U-Pb zircon) and tracer isotope geochemistry.
These tools can be applied to a variety of problems in igneous and metamorphic petrology, structural geology and tectonics,
paleobiological evolution and paleoclimate change in deep time. See our main website for further details.

Geochronology data system

S e b The IGL is a node in the EARTHTIME Network for the Calibration of Earth History. It is also a partner in the NSF EarthCube
o ummary S ta_t]_S t]_CS Geochronology Infrastructure project. This Sparrow lab information management system is a product of that collaboration.
1707 measurements have been linked to their geologic metadata
[ ] [ J [ ]
» Publications links .
- Maps of sam ples Arizona LaserChron Center | Admin APl Explorer 2 test
O
© O
° The Arizona LaserChron Center is an NSF multi-user facility that addresses problems in Earth Science through the generation o (9
o a l I I P e -_— SP e C]_ C of U-Th-Pb geochronology data and complementary geochemical information by Laser Ablation ICP Mass Spectrometry. It is Q g
directed by Dr. George Gehrels and based within the University of Arizona Department of Geosciences. e
° f ° | 9 |
Inrormation = Accepted ages ° ;
84712 accepted ages ingested into the lab data system |
Age range
500 Ma 1Ga 2 Ga 2.5Ga 3 Ga 3.5 Ga 4 Ga 4.5
B 8 & P
O
4,000

. Helps fulfill open-data and |

3,000 —

reporting requirements Wischr | Admn AP Bl .

2,000 About the lab

Number of grains

[
- Extensible for method-
. WiscAr is the Argon geochronology laboratory at the University of Wisconsin — Madison. This implementation of Sparrow
holds the lab's data archive and makes it accessible via an APl and this web interface.
specific needs

1,000 —

Canada

0 200 400 600 800 1,000 1,200 1,400
Age (Ma) % e

https://sparrow-data.org | Y
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Sparrow’s database

An instance of space- or Grouped measurements The geologic material that was
A single measured value time-resolved data collection  in a single instrument run originally collected for analysis

H20 content: 5.34 +0.534(1s) %

De: 21.6 £0.900" <) Gy

OD: 24.0 %

luminescence age: 5.36 +0.342(1s) ka ¥ S LNS
total dose rate: 4.03 +0.195/7= Gy/ka f

Location
Metadata tables :
, S Instrument Entity ,(e'g' ,
Geological context, publication geologic unit)

session .
status, embargo... Project

Publication

Researcher

https://sparrow-data.org
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Sparrow’s database

A single measured value

H20 content: 5.34 +0.534(1s) %
De: 21.6 +0.9001"¢) Gy
OD: 24.0 %
luminescence age: 5.36 +0.342/1- ka
total dose rate: 4.03 +0.195

Metadata tables

Geological context, publication

status, embargo...

https://sparrow-data.org
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time-resolved data collection
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Instrument
session

Publication

DOI

Grouped measurements
in a single instrument run

A platform for data curation

Location
Entity (e.g.
geologic unit)

Project

/ x NSF ID

Researcher

ORCID

The geologic material that was
originally collected for analysis
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Vision: connecting lab data systems to the community
...in a way where labs also benefit on their own terms

DATA Propbucers (LABS/ANALYTICAL PIPELINES) Propagation of GEOCHRONOLOGY
ages + sample context DATA CONSUMERS

into scientific record

WiscAr (Igneous “CAr/3°Ar)
Noble-gas MS Sparrow Jow o Earth Models
40 A y/39 40 A /39 Onn Yo i .
Ar/*Ar At/=Ar AL Domain-Specific
Legacy ArArCalc Plugins $ Data Compilations
PaleoBioDB

Archival Facilities

SESAR (IGSN)

and many others!

LA-ICP-MS
Detrital and

iIgneous U-Pb DZ plugins
Spe— Legacy AgeCalc

Sparrow

manual data
transfer and
reporting

Sparrow

OSL plugins @
Samples +

geologic : congruent pipelines for Boise State IGL, NMGRL,
context s WiscSIMS and others

Published
literature




SO HOW'’S THAT GOING?

~10 In-progress laboratory implementations across
domains of geochronology and geochemistry

New
y » NT A Ge MhexwoI
7 ¢ \ ochronolo
\ }l ' ..-'L\ Research 3
Laboratory

+ Uranium-Lead
- Argon—-Argon

Department of Geosciences
University of Arizona

» Cosmogenic nuclides
- (U+Th)/He thermochronology

ISOTOPE g |
+ Optically-stimulated luminescence GEOLOGY (=22 > UW Cosmogenic
LASORALORY 6% =~ Nuclide Lab

+ In-situ stable isotope geochemistry (SIMS) BOISE STATE UNIVERSTTY

» Electron Microprobe
» Carbon radioisotopes/AMS (planned)

<Rl

CONCORD

Wb B e Desert Research Institute Microprobe lab
NAU @ British
Paleoclimate @ g’;?g,'g?lco'
Dynamics Lab —

https://sparrow-data.org
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SO HOW’S THAT GOING? Byt really, how is it going? (five years in)

~10 In-progress laboratory implementations across
domains of geochronology and geochemistry

| ARIZONA

+ Uranium-Lead LASERCHRON
CENTER

* ArgOn—ArgOn Department of Geosciences
University of Arizona

» Cosmogenic nuclides

+ (U+Th)/He thermochronolo

(U+Th)/He t o8y ISOTOPE ¢
+ Optically-stimulated luminescence GEOLOGY 3
LABORATORY ( ~—

» Electron Microprobe
» Carbon radioisotopes/AMS (planned)

<Rl

CONCORD

; ] ] Desert Research Institute Microprobe lab
One operational pipeline
& A /5 British
Paleoclimate BGS, Geological
DRIPK e
\‘\4 Dynamics Lab W Survey

https://sparrow-data.org
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SO HOW’S THAT GOING? Byt really, how is it going? (five years in)

~10 In-progress laboratory implementations across
domains of geochronology and geochemistry Al

-ura|l Academic labs lack expertise to implement/
. Ar .
o manage metadata tracking.

' g“ It is just not their core task and is treated accordingly.
. Opt

1 . ¢« 1 » &
.4 Even with purpose-built software, the “last-mile” &

o] problem is difficult to solve.

Desert Research Institute

/@ British
BGS, Geological
\/ Survey

One operational pipeline

https://sparrow-data.org
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Final note: Automation to the rescue?
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Search Macrostrat...

S : — N
T "; » ~./\" : 4 ~ WG \;,:
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e el Primary literature viaxbD A

ol

Z Robinson, Charles Sherwood, Geology and ore deposits of the
Whitepine area, Tomichi mining district, Gunnison County, Colorado.

7 v

Nash, J. Thomas, Supergene uranium deposits in brecciated zones of
Laramide upthrusts; concepts and applications. v

‘__/ [A | Young, E. J., Felsic-mafic ratios and silica saturation ratios; their
ZA rationale and use as petrographic and petrologic indicators. v

Q&* Hills, F. A., Dickinson, K. A., Silver Plume Granite; possible source of
uranium in sandstone uranium deposits, Tallahassee Creek and High
Park areas, Fremont and Teller counties, Colorado.

Finch, Warren Irvin, Stratigraphic distribution of uranium clusters in
the Rocky Mountain and Intermontane Basins Uranium Province.
v

Braddock, William A., Cole, James C., Preliminary geologic map of the
Greeley 1 degree by 2 degrees Quadrangle, Colorado and Wyoming. |
v

e A"

| Snyder, George L., Preliminary geologic map of the central Laramie
Mountains, Albany and Platte counties, Wyoming. v

McCallum, M. E., Burch, A. L., Uranium and thorium in Precambrian
crystalline rocks of the Medicine Bow Mountains, north-central
Colorado. v
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Final note: Automation to the rescue?
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GEOLOGICAL SURVEY

Silver Plume Granite--Possible Source of Uranium in Sandstone Uranium
Deposits, Tallahassee Creek and High Park Areas,

Fremont and Teller Counties, Colorado

By

Francis Allan Hills and Kendell A. Dickinson
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Primary literature viaxDD A

Robinson, Charles Sherwood, Geology and ore deposits of the
Whitepine area, Tomichi mining district, Gunnison County, Colorado.
\'4

Nash, J. Thomas, Supergene uranium deposits in brecciated zones of
Laramide upthrusts; concepts and applications. v

Young, E. J., Felsic-mafic ratios and silica saturation ratios; their
rationale and use as petrographic and petrologic indicators. v

Hills, F. A., Dickinson, K. A., Silver Plume Granite; possible source of

uranium in sandstone uranium deposits, Tallahassee Creek and High
Park areas, Fremont and Teller counties, Colorado.

Finch, Warren Irvin, Stratigraphic distribution of uranium clusters in
the Rocky Mountain and Intermontane Basins Uranium Province.
v

Braddock, William A., Cole, James C., Preliminary geologic map of the
Greeley 1 degree by 2 degrees Quadrangle, Colorado and Wyoming.
A4

Snyder, George L., Preliminary geologic map of the central Laramie
Mountains, Albany and Platte counties, Wyoming. wv

McCallum, M. E., Burch, A. L., Uranium and thorium in Precambrian
crystalline rocks of the Medicine Bow Mountains, north-central
Colorado. v
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Final note: Automation to the rescue?

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

16,909,371 documents

108,486 added this month
25,112 added this week
3,683 added in the last 24 hours

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

» These aren’t real metadata-level links, but they are
pretty useful

0

-105.2245,38.7848 2737m | 8980ft X

Primary literature viaxDD A

Robinson, Charles Sherwood, Geology and ore deposits of the

Whitepine area, T¢

v

Nash, J. Thomas, S|
Laramide upthrusi

Hills, F. A., Dickinso
uranium in sandst
Park areas, Fremol

Finch, Warren Irvin,
the Rocky Mountal
v

Braddock, William
Greeley 1 degree kb
SN

Snyder, George L., |

__* 1 & &  1®" a2 * ~_ . o~ _ __ __a . o~ _ 1 _ 1

Hills, F. A., Dickinson, K. A., Silver Plume Granite; possible source of
uranium in sandstone uranium deposits, Tallahassee Creek and High
Park areas, Fremont and Teller counties, Colorado. A

...Anomalously high concentrations of thorium and of the light rare earth elements
lanthanum and cerium suggest that the actinides and light lanthanides were
enriched to an abnormal degree by the magmatic processes that formed the
Proterozoic Y | Silver Plume Granite in areas adjoining Tallahassee Creek and

. High Park....

...Although a significant contribution of uranium from Tertiary volcanic rocks can
not be ruled out and is even probable ( Dickinson and Hills , 1982 ) , it appears
probable that some of the uranium in deposits of the Tallahassee Creek area was
derived from | Silver Plume Granite ....

...Although uranium presently does not appear to be significantly enriched in
sampled outcrops of | Silver Plume Granite , a large part of the original uranium
content of Silver Plume may have been removed by oxidizing ground waters,
leaving behind mainly the uranium bound in resistate minerals such as zircon and
monazite ....

...Creek area was | Silver Plume Granite , and Tertiary volcanic rocks also
probably supplied significant amounts of uranium ( Dickinson and Hills , 1982 ),
the inferred fertility of the | Silver Plume Granite , its abundance in areas
adjoining Tallahassee Creek , and the demonstrated former existence of an
appropriate paleohydrologic system for transporting lead from the Silver Plume
and depositing it in the Tallahassee Creek area make highly probable that the

Silver Plume Granite  supplied part of the uranium now found in the Tallahassee
Creek deposits ....

Mountains, Albany ana Platte counties; Wyoming: <

https://xdd.wisc.edu
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