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Ranked Technique
accessibility
1 Optical petrography
Cathodoluminescence
2 SEM-EDS.
SEM-EBSD
Electron microprobe
3 Synchrotron PIC
mapping
siMs

Note: Spatil resoltions and aptimal spot sizes are dependent on analytical conditons, matenal analyzed, and instrumentation.

‘Spatial resolution or
spot size

~30pm

~30pm

50-100nm

50-100nm

10-20 ym

>20nm

>10pm

‘Sample preparation

Thin sections

“Thin section or other
polished surface

Cut and poished or
raw surface with
conductive coating

Extra-fine poiish and
conductive coating of
flat surface (thin
section or bilet)

Extra-fine poiish and
conductive coating of
flat surface

Extra-fine poish and
conductive coating of
flat surface

Extraine poish and
conductive coating;
17 round set i epoxy”

Destructive?

Non-destructive

Non-destructive

Minorly
destructive (no.
volume loss)

Minory
destructive (10
volume loss)

Minorly
destructive (10
volume loss)

Destructive
(radiation
damage)

Essentiall non-
destructive

*Techniaue is sensiive to composilion of eooxy: always check with lab fechnicien prior to sample prasaration.

Relevant information obtainable

 Preservation of primary texture/fabric:

 Mineralogy

« Alteration fabris (e.g., veins, grain
ripening)

 Detais of interal structures in fossis

* Compostional variaion between
crystal domains o fabrics, indicative of
difierent formation flids

 Microtextures and compositional
variationnot evident n ight microscopy.

® Mineralogy of secondary phases often
indicative of water-rock ateration (e.g.
dlays)

 Element composition maps

3D orientations of individual crystals

 Enlarged crystal domains, potentially
from dissolution-precipitation at grain
boundaries

« Statistical distributions of orientations
of individual grains of a given phase in
pole figures

 Preferred orientations of atered crystal
domains

« Concentration mapping of elements;
partitioning or gradents of elements at
grain boundaries

« Chemical analyss of microns-sized
Spot; transects to identity elemental
variabilty tied to source waters.

* Redox states of individual elements
 Crystallographic orientation on finer
scale than EBSD

«in situ race ement abundances and
isotopic ratios at ppb levels.

« Isotopic spatial variabilty at ordiers of
magnitude smaler scale than buk
anayses

 Depth profiing for subsurface variabity
that may be integrated whie driing for
buik analyses

Instrumentation

Petrograpic binocular
microscope

Petrographic microscope and
cathodoluminescence system
ie., cod cathode electron gun,
vacuum chamber)

OR

CL detector with SEM

‘Scanning electron microscope
with EDS detector and carbon
or gold coater

‘Same as above, + EBSD
detector

Fieid-emission electron probe
micro-analyzer with wavelength

dispersive spectrometers (WDS)
and EDS

‘Syncivotron beamiine capable
of x-ray photoelectron emission
‘spectromicroscopy (C-PEEM)
and x-ray absorption near-
‘edge structure spectroscopy
(XANES)

SIMS and goid coater

Analytical time

Immediate

Immediate

Seconds to hours

Hours

Minutes (spot
analyses) 1o hours
(compositonal
maps)

Hours

Minutes (spot
analyses) to hours
(compositonal
maps)
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Formation Method for Source water Source water Source water Source water A8180 Mean 95%
temperature calculating 3180 3180 sD A0 A'170 SD (=7.1%0 elevation (km) confidence
(°C) source water (\rF = 0.528) shoreline (£)
value)
Cherty limestone scenario 1 32.5 £+ 3.8°C Average of all —14.09 2.39 0.029 0.015 —-7.0 2.75 +0.565/-0.42
(this study) data
(Figure 2A)
Cherty limestone scenario 2 60 £ 10°Cin Passey and Ji —16.09 3.50 0.032 0.015 —-9.2 3.29 +0.69/—-0.68
Figure 2 (2019)
(17.5-75°Cin back-trajectory
Figure 3A) method
(Figure 2B)
Formation A8180 Mean 95% Data source
temperature (=7.1%0 elevation (km) confidence
(°c) shoreline (£)
value)
Paleosol or lacustrine carbonate data
Elko Fm. lacustrine carbonate 32.5°C (this —5.1 214 +0.40/-0.39 H2004; C2012;
(lowest 380) study) M2015
Indian Wells Fm. paleosol 13°C (Chase —-11.6+22 3.76 +0.80/-0.77 H2004; C2012;
carbonate (average 8'20) etal., 1998) M2015
Humboldt Fm. paleosol 13°C (Chase —-11.5+1.0 3.74 +0.84/-0.77 H2004; C2012;
carbonate (average 8'80) etal., 1998) M2015
Hydrated volcanic glass data
Volcanic glass—eocene, n/a —-11.2+1.0 3.68 +0.81/—-0.66 C2014; C2018
non-lacustrine samples
Volcanic glass—early oligocene n/a —-10.3+1.0 3.52 +0.81/-0.66 C2014; C2018
Volcanic glass—late oligocene n/a —12.7+1.2 3.94 +0.85/-0.70 C2014; C2018

Note that recent work (Lund Snee et al., 2016) recommends combining the Indian Wells Fm. with the Humboldt Fm. H2004—Horton et al. (2004); M2015—Mulch et al. (2015); C2012—Chamberlain et al. (2012);
C2014—Cassel et al. (2014); C2018—Cassel et al. (2018). Note that the formation temperature used in Scenario 1 is the weighted average of the lacustrine carbonates (Table 2) from the Elko Fm.
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Sample ID Stratigraphic Age (Ma) Replicates  Carbonate §'80 Carbonate A47 ARF A47 SD A47 SE Temperature Temperature Lake Water Lake

Height (m) M2015 (VSMOW) 313C (VPDB) (%0) (°C) SD 3180 Water
M2015 M2015 M2015 (VSMOW) 3'%0 sD
NV-EF-05 8 425 4 315 6.6 0.680 0.024 0.019 28.2 8.6 3.45 2.42
NV-EF-08 17.5 42.0 3 26.4 11.1 0.649 0.008 0.011 39.9 3.4 0.67 0.88
NV-EF-24 110 39.9 3 26.4 6.3 0.710 0.027 0.034 17.8 8.8 —3.67 2.63
Error SD MSWD
weighted

average (°C)

32.5 3.8 3.9

Temperatures are calculated using an acid fractionation factor of +0.088%. and the Petersen et al. (2019) calibration. Lake water 5180 values are calculated by using pairs of A7 temperatures and carbonate 3180
values and oxygen isotope fractionation coefficient of Kim and O’Neil (1997) (as updated by Kim et al., 2007). Carbonate 8'80 and §'3C data are GasBench data originally reported by Mulch et al. (2015). Data produced
during clumped isotope analyses differed by less than 1% in both 8180 and §13C. M2015—Muich et al. (2015). ARF, Absolute Reference Frame, also referred to as the CDES (carbon dioxide equilibrated scale).
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SampleID Height(m  Chert3'®0  Chert§'®0  Cherts'70  ChertA7O ChertA7OSE  No.of Lakewater  Lakewater  Lakewater  Lake water

fromtop)  (VSMOW2-  (VSMOW2-  (VSMOW2- (e =0.528) acquisions 500 @2°C; A0 (@2°C; 50 (60°C; A0 (60°C;
SLAP2) sLAP2) sLAP2) scenario1)  scenario1)  scenario2)  scenario2)
cLos 10 20137 19,987 10441 ~0.086 0.007 5 —14.224 0035 ~7.9%9 —~0.001
cLos 30 21,602 21372 1473 —0.111 0006 7 -12.789 0010 -6.565 -0.026
cLos 50 22901 22643 11.870 0085 0007 5 ~11518 0036 5203 0000
CLOS rep 50 23328 23,060 12075 ~0.101 0.007 5 ~11.100 0,020 —~4.876 ~0.016
cLos 80 20583 20374 10649 ~0.108 0.008 5 13786 0013 ~7.562 ~0.023
cLoo 120 18911 18735 9810 0082 0008 5 ~15.426 0040 9201 0008
cLio 125 nm.
cL1t 140 16987 16844 8823 ~0070 0.006 7 ~17.316 0051 ~11.002 0015
cLiz 155 2414 23145 12119 ~0.102 0007 5 ~11.016 0020 —4792 ~0016
cLis 170 17617 17.464 9.139 ~0.082 0.007 5 ~16.697 0,039 —10.472 0008
cLia 180 nm
cL1s 200 nm
cLi7 210 22.146 21.904 11.456 ~0.109 0007 5 12256 0012 6,032 ~0.024
cLig 220 nm
cL1e 250 18677 18505 9689 ~0.082 0008 5 ~15.656 0040 -9.431 0008
cL21 255 am
cLz2 270 22779 22523 11.788 ~0.104 0009 4 11638 0017 -5.413 ~0.019
cL2s 200 17.861 17.704 9.250 ~0.007 0007 6 ~16.457 0024 ~10.232 ~0012
cL28rep 290 16.909 16768 8787 ~0.066 0006 7 17398 0055 —11.168 0019
cL2e 205 nm
Sample ID  Age (Ma) Chert5'%0  Carbonate §'°0 Carbonate 3'°C Carbonate 3°0 Carbonate 5'°C
H2004 (VSMow) (VSMOW) (VPDB) (VSMOW)  (VPDB) M2015
H2004/A2005  H2004/A2005  H2004/A2005 M2015
cLos 420 189 192
cLos 2.1 218 20
cLos 422 2.0 201
CLOS rop 22
cLos 425 180 20 -38
cLoo 426 195 8 -34
cL1o 156 212 28 218 2.1
cLit 428 156 183 25 189 -25
cLiz 429 215 192 -20
cLis 29 184 203 44
cLia 156 169
cLis 149 172 -27 211 -44
cLio 2 209
cLat 159 209 -30
oL22 133 231 202 55
oL23 34 181 192 56
oL23 rep 3.4
cL24 435 198 1.4
Quartz standards n 3180 50 sD #70 a0 470D
(VSMow2- (VSMow2- (har =0528)
sLAP2) sLAP2)
UNM_Q 18 17.908 0078 9478 ~0.075 0016
Sandia 3 o721 0059 0360 -0012 0022
CH-1 2 22873 0,036 12,000 —0.077 0.019

HB004— Horton e al. (2004); A2005—Abruzzese et a, (2006); M2015—Much et a. (2015). The dataset is normalized to UNM_Q values given in Wostbrock et al. (2020) ("% = 17.909; A"'70 = ~0.076) corrected
to VSMOW2-SLAP2 via SCO, UWG-2, and NSB-28 in Sharp and Wostbrock (2020). The standard error (SE) of A''7O measurements is from individual dual inlet analyses of the gas produced from a single fluorination,
with the number of acquisitions listed in the adjacent column, where one acquisition is 10 sample-standard brackets with 36 s integrations per side. See section “Materials and Methods" for more information. n.m., not
i
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