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Table S1. Main-stage stable isotope bulk calcite data from the Kearsarge deposit, collected by Born-
horst and Woodruff [1] but previously unpublished. All of these were determined to be within the
temperature zone of pumpellyite = 212.5 °C or pumpellyite/epidote = 245 °C. Bornhorst and Wood-
ruff [1] sample numbers are ###CL# (example: 221CL2). The first three numbers differentiate the
samples, the ending number is 1-3, to indicate when there is more than one sample from the same
source. Example number 221CL2, the 2 after CL is the 2nd of the 221CL# samples. All of these sam-

ples were collected from surface rock piles. Estimated analytical error is 0.2%o.

Sample Number Sample Location Temperatures (°C) I;/{:Sssl;r;:vvd Calculated '80m20 N;:él:z:d Calculated 5Ccoz
227CL2 LaSalle #3—4 212.5 19.3 10.4 -3.0 -0.7
218CL1 LaSalle #3—4 212.5 15.3 6.4 29 -0.6
228CL2 Centennial #1 212.5 13.1 4.2 -2.8 -0.4
214CL3 Centennial #1 212.5 12.7 3.8 24 0.0
214CL2 South Kearsarge #1 245.0 13.6 6.1 -2.9 0.0
215CL2 South Kearsarge #1 245.0 13.9 6.5 2.3 0.6
226CL1 Wolverine #3 245.0 14.1 6.6 -2.2 0.7
219CL1 Wolverine #3 245.0 12.7 5.2 29 0.0
216CL1 Wolverine #2 245.0 14.1 6.6 -25 04
216CL3 Wolverine #2 245.0 13.7 6.2 -2.7 0.2
216CL2 Wolverine #2 245.0 14.2 6.8 -3.2 -0.3
222CL1 North Kearsarge #1 245.0 16.5 9.0 3.1 -0.2
223CL1 North Kearsarge #3 245.0 13.0 5.5 2.8 0.1
229CL1 North Kearsarge #3 245.0 17.0 9.5 2.7 0.2
221CL2 North Kearsarge #3 245.0 13.6 6.2 -1.7 1.2
230CL1 North Kearsarge #4 245.0 18.3 10.8 -3.2 -0.3
228CL1 North Kearsarge #4 245.0 13.0 5.5 -3.0 -0.1
218CL3 Ahmeek #1 245.0 17.8 10.3 -34 -0.5
217CL2 Ahmeek #1 245.0 13.8 6.3 -3.1 -0.2
219CL3 Ahmeek #1 245.0 18.1 10.7 -3.2 -0.3
225CL2 Ahmeek #2 245.0 13.8 6.3 2.8 0.1
225CL1 Ahmeek #2 245.0 19.1 11.7 -3.9 -1.0
220CL2 Mohawk#6 245.0 18.1 10.6 -3.1 -0.2
224CL3 Mohawk#5 245.0 17.6 10.1 2.8 0.1
224CL2 Mohawk#5 245.0 13.2 5.7 3.2 -0.3
221CL3 Mohawk#4 245.0 12.6 5.2 -34 -0.5
218CL2 Mohawk#4 245.0 14.0 6.5 -29 -0.1
219CL2 Mohawk#4 245.0 13.7 6.2 2.4 0.5
215CL3 Mohawk#4 245.0 13.8 6.3 -3.4 -0.5
215CL1 Mohawk#4 245.0 14.2 6.7 2.1 0.8
223CL2 Mohawk#3 245.0 16.7 9.2 2.7 0.2
220CL3 Mohawk#3 245.0 15.3 7.8 22 0.7
228CL3 Mohawk#2 245.0 16.6 9.2 4.4 -15
222CL3 Mohawk#2 245.0 18.7 11.2 -35 -0.6
224CL1 Mohawk#2 245.0 13.9 6.4 -3.7 -0.8
225CL3 Seneca # 2 245.0 14.8 7.3 -3.4 -0.5
221CL1 Seneca # 2 245.0 13.8 6.4 2.5 0.3
222CL2 Seneca #3 245.0 13.8 6.3 29 0.0
226CL3 Seneca #3 245.0 13.2 5.7 -3.0 -0.1
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223CL3 Central #58 245.0 16.0 8.5 -3.2 -0.3
227CL3 Central #32 245.0 17.9 10.4 -2.6 0.3

Table S2. Main-stage stable isotope SIMS calcite data for sample TB-293. TB-293 was collected un-
derground from the Quincy mine in vicinity of the intersection of the horizontal adit and the #5
shaft, more than 70 m from the portal and 100 m vertically below the surface. The sample is from a
vuggy flow top with mineralogy of calcite, quartz, prehnite, and epidote. The analyzed sample is a
vug-filling calcite crystal. This sample was assigned a formation temperature of 212.5 °C (zone of
pumpellyite). XMn discussed in text. Measurement error is 2SE. Spot locations provided in Figure
S1.
oBC
Sample Spot Analysis ~ Measured 00 Measurement Calculated  Measured Measurement Er- Calculated XMn
Number Location Location 0180smow Error 0180H20 013CrpB ror 013Cco2
TB-293 Al Quincy Mine 18.2 0.31 9.3 -2.5 0.62 -0.2 0.00000
TB-293 A2 Quincy Mine 21.3 0.33 12.4 -5.0 0.62 -2.7 0.00000
TB-293 A3 Quincy Mine 15.9 0.32 7.0 -3.2 0.61 -0.9 0.00044
TB-293 A4 Quincy Mine 16.1 0.26 7.2 -5.0 0.54 -2.7 0.00089
TB-293 A5 Quincy Mine 16.0 0.34 7.1 -9.3 0.63 -7.0 0.00070
TB-293 A6 Quincy Mine 15.7 0.31 6.8 2.7 0.66 -0.4 0.00000
TB-293 A7 Quincy Mine 16.1 0.31 7.2 not analyzed  not analyzed not analyzed 0.00096
TB-293 A8 Quincy Mine 16.3 0.31 7.4 -3.6 0.61 -1.3 0.00106
TB-293 A9 Quincy Mine 16.1 0.33 7.2 -4.3 0.61 -2.0 0.00106
TB-293 Al0 Quincy Mine 21.1 0.29 12.2 -3.8 0.62 -1.5 0.00182
TB-293 All Quincy Mine 16.2 0.29 7.3 -2.9 0.62 -0.6 0.00139
TB-293 Al2 Quincy Mine 21.6 0.29 12.7 6.6 0.70 -4.3 0.00000
TB-293 Al3 Quincy Mine 21.7 0.28 12.8 74 0.62 -5.1 0.00000
TB-293 Al4 Quincy Mine 20.8 0.21 11.9 7.2 0.61 -4.9 0.00000
TB-293 Al5 Quincy Mine 20.6 0.34 11.7 6.2 0.62 -3.9 0.00070
TB-293 Alé6 Quincy Mine 21.1 0.41 12.2 7.0 0.62 -4.7 0.00000
TB-293 Al7 Quincy Mine 22.1 0.25 13.2 6.2 0.61 -39 0.00116
TB-293 Al8 Quincy Mine 20.7 0.23 11.8 -4.9 0.62 -2.6 0.00036
TB-293 A19 Quincy Mine 22.0 0.30 13.1 -6.0 0.68 3.7 0.00000
TB-293 A20 Quincy Mine 18.5 0.26 9.6 -2.1 0.62 0.2 0.00070
TB-293 A21 Quincy Mine 18.1 0.41 9.2 -2.5 0.62 -0.2 0.00000
TB-293 A22 Quincy Mine 14.6 0.31 5.7 -2.9 0.57 -0.6 0.00034
TB-293 A23 Quincy Mine 17.1 0.23 8.2 -5.8 0.40 -3.5 0.00061
TB-293 A24 Quincy Mine 15.6 0.30 6.7 not analyzed not analyzed not analyzed 0.00000
TB-293 A25 Quincy Mine 16.0 0.25 7.1 -2.8 0.67 -0.5 0.00097
TB-293 A26 Quincy Mine 17.3 0.33 8.4 2.1 0.62 0.2 0.00035
TB-293 A27 Quincy Mine 16.6 0.24 7.7 -3.4 0.77 -1.1 0.00000
TB-293 A28 Quincy Mine 15.8 0.25 6.9 -3.0 0.67 -0.7 0.00052
TB-293 A29 Quincy Mine 16.0 0.28 7.1 -1.9 0.60 0.4 0.00053
TB-293 A30 Quincy Mine 21.6 0.30 12.7 6.2 0.62 -3.9 0.00572
TB-293 A31 Quincy Mine 22.1 0.29 13.2 7.5 0.60 -5.2 0.00579
TB-293 A32 Quincy Mine 22.2 0.28 13.3 7.3 0.65 -5.0 0.00062
TB-293 A33 Quincy Mine 21.7 0.33 12.8 -10.1 0.72 7.8 0.00176
TB-293 A34 Quincy Mine 21.5 0.33 12.6 -9.0 0.63 -6.7 0.00321
TB-293 A35 Quincy Mine 214 0.33 12.5 not analyzed  not analyzed not analyzed 0.00027
TB-293 A36 Quincy Mine 23.4 0.31 14.5 -9.3 0.63 -7.0 0.00563
TB-293 A37 Quincy Mine 22.6 0.30 13.7 7.4 0.63 -5.1 0.00192
TB-293 A38 Quincy Mine 21.4 0.35 12.5 -5.1 0.63 -2.8 0.00009
TB-293 A39 Quincy Mine 21.9 0.24 13.0 7.8 0.55 -5.5 0.01067
TB-293 A40 Quincy Mine 20.5 0.28 11.6 -4.0 0.63 -1.7 0.00000
TB-293 A4l Quincy Mine 21.1 0.39 12.2 7.2 0.62 -4.9 0.00207
TB-293 A42 Quincy Mine 21.9 0.20 13.0 not analyzed not analyzed not analyzed -
TB-293 A43 Quincy Mine 23.5 0.28 14.6 not analyzed not analyzed not analyzed -
TB-293 A44 Quincy Mine 21.1 0.26 12.2 -4.1 0.77 -1.8 0.00314
TB-293 A45 Quincy Mine 22.8 0.26 13.9 -6.3 0.63 -4.0 0.00532
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Table S3. Late-stage stable isotope SIMS calcite data for sample WAS-121. WAS-121 is part of the
A. E. Seaman Mineral Museum Research Collection. It was collected underground by W. A. Seaman
from the Seneca #2 mine, Kearsarge flow top deposit. The sample is part of a late-stage vein with
the minerals calcite, laumontite and natrolite. It was assigned a formation temperature of 150 °C.
XMn discussed in text. Measurement error is 2SE. Spot locations provided in Figure S2.

18 13
Sample Spot Analvsis Location Measured Measﬁur(e)ment Calculated Measured Meas?lrecment Calculated XMn
Number Location 4 08180smow 0180mH20 013CrpB 013Cco2

Error Error
Kearsarge Seneca Mine
WAS-121 Bl . 14.1 0.28 -0.5 -4.6 0.63 -5.1 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B2 . 16.1 0.32 1.4 -9.7 0.66 -10.2 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B3 . 15.6 0.24 1.0 -7.6 0.67 -8.1 0.00061
Lake Vein
Kearsarge Seneca Mine
WAS-121 B4 . 15.7 0.28 1.0 -6.4 0.64 -6.9 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B5 . 16.0 0.23 1.4 -8.3 0.63 -8.8 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B6 . 14.5 0.36 -0.1 -7.4 0.63 -7.9 0.00096
Lake Vein
Kearsarge Seneca Mine
WAS-121 B7 . 14.4 0.30 -0.3 -5.9 0.64 -6.4 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B8 . 14.8 0.29 0.2 -9.7 0.63 -10.2 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B9 . 19.0 0.25 4.3 -4.6 0.63 -5.1 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B10 . 20.2 0.27 5.6 -3.6 0.63 -4.1 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B11 . 19.1 0.29 4.5 -3.4 0.64 -3.9 0.00071
Lake Vein
Kearsarge Seneca Mine
WAS-121 B12 . 19.2 0.23 4.5 -14 0.64 -1.9 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B13 . 19.0 0.31 43 -2.9 0.64 -3.4 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B14 . 18.8 0.36 4.2 -14 0.64 -1.9 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B15 . 18.3 0.35 3.7 -2.1 0.64 -2.6 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B16 . 19.6 0.25 5.0 24 0.64 -2.9 0.00061
Lake Vein
Kearsarge Seneca Mine
WAS-121 B17 . 19.1 0.26 4.5 -2.0 0.64 -2.5 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B18 . 18.7 0.30 4.0 -1.7 0.64 2.2 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B19 . 17.6 0.31 3.0 -2.9 0.64 -3.4 0.00043
Lake Vein
Kearsarge Seneca Mine
WAS-121 B20 . 18.2 0.28 3.5 2.3 0.64 -2.8 0.00105
Lake Vein
Kearsarge Seneca Mine
WAS-121 B21 . 19.4 0.31 4.8 -0.5 0.66 -1.0 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B22 . 18.0 0.25 34 -2.3 0.64 -2.8 0.00017
Lake Vein
Kearsarge Seneca Mine
WAS-121 B23 . 17.9 0.29 3.2 -3.7 0.64 -4.2 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B24 . 18.6 0.26 3.9 -2.1 0.64 -2.6 0.00026
Lake Vein
Kearsarge Seneca Mine
WAS-121 B25 . 18.6 0.34 3.9 -3.2 0.65 -3.7 0.00026
Lake Vein
Kearsarge Seneca Mine
WAS-121 B26 . 18.6 0.23 4.0 -3.4 0.66 -3.9 0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B27 18.3 0.32 3.6 -44 0.64 -4.9 0.00017

Lake Vein




Minerals 2022, 12, 474 40f17
WAS121  Bog  earsargeSenccaMine g, g 0.34 2.9 3.7 0.65 -42  0.00000
Lake Vein
Kearsarge Seneca Mine
WAS-121 B29 . 12.7 0.26 -2.0 5.2 0.64 5.7 0.00009
Lake Vein
Kearsarge Seneca Mine
WAS-121 B30 . 14.3 0.28 -0.3 -5.5 0.73 -6.0 0.00035
Lake Vein
Table S4. Main-stage stable isotope SIMS calcite data sample WAS752. WAS752 was collected from
the Kearsarge Wolverine mine with the minerals calcite, copper, prehnite, and epidote. This sample
was assigned a temperature zone of pumpellyite/epidote at 245 °C. XMn discussed in text. Meas-
urement error is 2SE. Spot locations provided in Figure S3.
o180 oBC
Sample Spot Analvsis Location Measured Measurement Calculated  Measured Measurement Calculated XMn
Number  Location y 0180smow Exror 8180m20 013CrpB Error 013Cco2
Kearsarge Wolverine
WAS-752a C1 Mine 13.7 0.29 6.3 -6.0 0.61 -3.1 0.00105
Kearsarge Wolverine
WAS-752a C2 Mine 13.9 0.31 6.5 2.7 0.67 0.2 0.00000
Kearsarge Wolverine
WAS-752a C3 Mine 13.9 0.31 6.5 -8.7 0.95 -5.8 0.00216
Kearsarge Wolverine
WAS-752a C4 Mine 14.0 0.25 6.6 24 0.82 0.5 0.00044
Kearsarge Wolverine
WAS-752a C5 Mine 13.1 0.29 5.7 22 0.65 0.7 0.00000
Kearsarge Wolverine
WAS-752a C6 Mine 13.9 0.32 6.4 -4.6 0.63 -17 0.00026
Kearsarge Wolverine
WAS-752a Cc7 Mine 14.2 0.30 6.8 -6.1 0.57 3.2 0.00111
Kearsarge Wolverine
WAS-752a C8 Mine 13.7 0.28 6.2 -0.2 0.64 2.7 0.00044
Kearsarge Wolverine
WAS-752b 9 Mine 13.2 0.20 5.7 -7.3 0.54 4.4 0.00131
Kearsarge Wolverine
WAS-752b C10 Mine 14.1 0.33 6.6 2.1 0.65 0.8 0.00036
Kearsarge Wolverine
WAS-752b Cl1 Mine 13.6 0.30 6.2 2.2 0.65 0.7 0.00000
Kearsarge Wolverine
WAS-752b C12 Mine 14.3 0.30 6.9 -1.0 0.97 1.9 0.00069
Kearsarge Wolverine
WAS-752b C13 Mine 14.1 0.30 6.6 -2.0 0.65 0.9 0.00087
Kearsarge Wolverine
WAS-752b Cl4 Mine 13.9 0.34 6.5 -13 0.74 1.6 0.00000
Kearsarge Wolverine
WAS-752b C15 Mine 13.8 0.29 6.4 -5.9 0.57 -3.0 0.00105
Kearsarge Wolverine
WAS-752b Cle Mine 14.0 0.28 6.6 -2.3 0.74 0.6 0.00000
Kearsarge Wolverine
WAS-752b C17 Mine 13.3 0.25 5.9 -1.6 0.82 13 0.00156
Kearsarge Wolverine
WAS-752b C18 Mine 13.6 0.32 6.1 3.4 0.65 -0.5 0.00018
Kearsarge Wolverine
WAS-752b C19 Mine 13.8 0.33 6.3 -13 0.65 1.6 0.00018
Kearsarge Wolverine
WAS-752b C20 Mine 13.7 0.28 6.3 -1.8 0.67 11 0.00018
Kearsarge Wolverine
WAS-752b C21 . 13.6 0.26 6.1 3.2 0.63 -0.3 0.00000
Mine
Kearsarge Wolverine
WAS-752b C22 Mine 13.6 0.29 6.1 4.3 0.64 -14 0.00069
Kearsarge Wolverine
WAS-752b c23 . 13.6 0.34 6.1 -1.8 0.81 1.1 0.00000
Mine
Kearsarge Wolverine
WAS-752b C24 13.6 0.26 6.1 -17 0.65 12 0.00000

Mine
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Kearsarge Wolverine

WAS752b  C25 ) 13.7 0.28 63 28 0.65 01 0.00000
Mine
Kearsarge Wolverine
WAS752b  C26 ) 134 0.26 59 -16 0.65 13 0.00000
Mine
Kearsarge Wolverine
WAS-752b  C27 e 14.0 0.29 6.5 -15 0.63 14 0.00000
Kearsarge Wolverine not ana-
WAS-752b C28 . 14.0 0.32 6.5 not analyzed not analyzed -
Mine lyzed
Table S5. Main-stage stable isotope SIMS calcite data for sample WAS-505. WAS503 is part of the
A. E. Seaman Mineral Museum Research Collection. It was collected underground by W. A. Seaman
from the Quincy mine, Pewabic flow top deposit. The sample is from the 260 m level of the #6 shaft
about 75 m south of the main “spar crossing” from a transverse vein dipping 70°. Calcite, quartz and
epidote are associated with native copper. This sample was assigned a formation temperature of
212.5 °C (pumpellyite zone). XMn discussed in text. Measurement error is 2SE. Spot locations pro-
vided in Figure S4.
6180 613C
Sample Spot  Analysis Lo- Measured Measurement Calculated  Measured Measurement Calculated XMn
Number Location cation 0180smow 0180H20 013CrpB 013Cco2
Error Error
Quincy
WAS-505 D1 Mine 18.9 0.29 10.0 not analyzed notanalyzed notanalyzed 0.01707
WAS-505 D2 Quincy 195 0.32 106 5.4 0.73 31 0.01608
Mine
WAS-505 D3 Quincy 188 0.53 9.9 -54 0.73 -3.1 0.01650
Mine
WAS-505 D4 Quincy 177 0.32 8.8 -41 0.76 -1.7 0.00000
Mine
WAS-505 D5 Quincy 162 0.33 7.3 -39 0.73 16 0.00048
Mine
WAS-505 Dé Quincy 144 0.33 55 -3.0 0.74 -0.7 0.00042
Mine
WAS-505 D7 Quincy 135 0.43 46 24 0.85 0.1 0.00191
Mine
WAS-505 D8 Quincy 138 0.36 49 -35 0.96 -1.1 0.00066
Mine
WAS-505 D9 Quincy 145 0.32 56 29 0.74 06 0.00048
Mine
WAS-505 D10 Quincy 146 0.36 57 25 0.73 -0.1 0.00243
Mine
WAS505 DIl Quincy 146 0.34 538 24 0.79 0.0 0.00089
Mine
WAS505 D12 Quincy 144 0.35 55 3.4 0.74 11 0.00000
Mine
WAS-505 D13 Quincy 142 0.30 53 3.6 0.73 -13 0.00165
Mine
Quincy
WAS-505 D14 Mine 12.9 0.40 4.0 not analyzed notanalyzed notanalyzed 0.00148
WAS-505  DI15 Quincy 152 0.37 6.3 24 0.73 0.0 0.00000
Mine
WAS505 D16 Quincy 14.9 0.44 6.1 -17 0.84 0.7 0.00134
Mine
WAS-505 D17 Quincy 15.8 0.38 6.9 22 0.73 0.2 0.00166
Mine
WAS-505 D18 Quincy 184 0.34 9.5 -1.2 0.73 11 0.00118
Mine
WAS505 D19 Quincy 18.8 0.36 9.9 20 0.73 03 0.00000
Mine
WAS505 D20 Quincy 19.1 0.36 102 24 0.82 -0.1 0.00083
Mine
WAS-505 D21 Quincy 175 0.30 8.6 -33 0.73 -1.0 0.00181

Mine
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WAS505 D22 Quincy 187 0.36 9.8 33 074 0.9 0.00000
Mine
WAS505 D23 Quincy 17.2 033 8.3 26 0.79 03 0.00036
Mine
WAS505 D24 Quincy 18.1 0.36 9.2 27 1.05 0.4 0.00000
Mine
WAS-505 D25 QI\I/}I;ZY 18.1 0.50 9.2 not analyzed notanalyzed notanalyzed -
Quincy
WAS-505 D26 Mine 17.5 0.30 8.6 not analyzed notanalyzed not analyzed 0.00388
Quincy
WAS-505 D27 Mine 18.2 0.27 9.3 not analyzed notanalyzed notanalyzed 0.00265
Quincy
WAS-505 D28 Mine 17.7 0.30 8.8 not analyzed notanalyzed notanalyzed 0.00047
Quincy
WAS-505 D29 Mine 17.4 0.33 8.5 not analyzed notanalyzed notanalyzed 0.00112
WAS505 D30 Quincy 147 035 538 25 0.76 02 0.00012
Mine
WAS-505 D31 Quincy 142 033 5.3 -23 0.78 0.1 0.00118
Mine
WAS505 D32 Quincy 185 031 9.6 11 0.75 12 0.00099
Mine
WAS505 D33 Quincy 18.6 0.33 9.7 -15 0.80 0.8 0.01273
Mine
WAS-505 D34 Quiney 20.0 0.32 111 21 0.82 02 0.01801
Mine
WAS505 D35 Quincy 193 0.36 10.4 13 0.73 10 0.00111
Mine
Quincy
WAS-505 D36 Mine 17.0 0.39 8.1 not analyzed notanalyzed notanalyzed 0.00035
Quincy
WAS-505 D37 Mine 15.9 0.25 7.0 not analyzed notanalyzed notanalyzed 0.00738
Table S6. Main-stage stable isotope SIMS calcite data for sample CAL-94-29. CAL-94-29 is part of
the A. E. Seaman Mineral Museum Research Collection. It was collected underground by T. J. Born-
horst from a freshly blasted mineralized pocket at the base of the Knowlton flow top about 15 m up
dip from the horizontal adit of the Caledonia Mine, which is parallel to the strike of the flow top, at
about the 220 m marker along the adit. The pocket appears to be fracture controlled with strike of
pocket parallel to strike of the flow top but dip of pocket steeper than the dip of the flow top [2].
Calcite, quartz, and epidote are associated with native copper. It was assigned a formation temper-
ature of 245 °C (pumpellyite/epidote zone). XMn discussed in text. Measurement error is 25E. Spot
locations provided in Figure S5.
6180 613(:
Sample Spot Analysis Measured Measurement Calculated  Measured Measurement Calculated Mn
Number  Location Location 0180smow 0180mH20 013CrpB 01Cco2
Error Error
CAL9429 I Caledonia 127 0.32 52 47 0.68 -1.8 000080
Mine
Caledonia
CAL-94-29 E2 . 129 0.34 5.4 -3.4 0.72 -0.6 0.00030
Mine
Caledonia
CAL-94-29 E3 . 12.2 0.40 4.7 -2.9 0.80 0.0 0.00128
Mine
Caledonia
CAL-94-29 E4 . 12.6 0.34 5.1 -3.1 0.70 -0.3 0.00055
Mine
Caledonia
CAL-94-29 E5 . 122 0.37 4.7 -4.0 0.77 -1.1 0.00018
Mine
Caledonia
CAL-94-29 E6 . 12.6 0.35 5.1 -3.5 0.67 -0.6 0.00036
Mine
Caledonia
CAL-94-29 E7 . 122 0.40 4.7 -4.1 0.67 -1.2 0.00079
Mine
Caledonia
CAL-94-29 E8 11.6 0.40 4.2 -3.7 0.71 -0.8 0.00230

Mine
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CAL-94-29 E9 Call\j[:l;):m 11.9 0.41 4.4 not analyzed  notanalyzed  notanalyzed 0.00171
CAL-94-29 E10 Call\;eliir?:m 12.3 047 4.8 not analyzed  notanalyzed  notanalyzed 0.00036
Caledonia
CAL-94-29 El11 . 12.3 0.48 4.8 -1.9 0.73 1.0 0.00030
Mine
Caledonia
CAL-94-29 E12 . 123 0.47 49 -3.7 0.67 -0.8 0.00145
Mine
Table S7. Main-stage stable isotope SIMS calcite data for sample MOR-1. MOR-1 is part of the A. E.
Seaman Mineral Museum Research Collection. It was from the collection of Arthur Moretta and is
from the Quincy Mine in vicinity of the #5 or #6 shaft and likely above the 10th level or 150 m verti-
cally below the surface (Pewabic flow top deposit. This sample is a single vug-filling transparent
calcite crystal about 3 cm tall. There are many inclusions of native copper. It was assigned a for-
mation temperature of 215.5 °C (pumpellyite zone). XMn discussed in text. Measurement error is
2SE. Spot locations provided in Figure S6.
o180 oBC
Sample Spot Analysis Measured Measurement Calculated  Measured Measurement Calculated XMn
Number  Location Location 0180smow 0180m20 013CrpB 013Cco2
Error Error
MOR-1 F1 Quincy Mine 18.4 0.43 9.5 -5.0 0.63 2.6 0.00000
MOR-1 F2 Quincy Mine 18.0 0.52 9.1 -4.5 0.63 2.2 0.00000
MOR-1 F3 Quincy Mine 18.7 0.47 9.8 -3.7 0.69 -14 0.00029
MOR-1 F4 Quincy Mine 17.9 0.43 9.0 -2.6 0.64 -0.3 0.00012
MOR-1 F5 Quincy Mine 18.5 0.45 9.6 -1.3 0.66 1.0 0.00152
MOR-1 F6 Quincy Mine 16.9 0.54 8.0 -2.9 0.64 -0.6 0.00053
MOR-1 F7 Quincy Mine 16.5 0.36 7.6 -2.0 0.67 0.3 0.00053
MOR-1 F8 Quincy Mine 18.2 0.44 9.3 -2.9 0.70 -0.6 0.00199
Table S8. Main-stage stable isotope SIMS calcite data for sample DK-1. DK-1 is part of the A. E.
Seaman Mineral Museum Research Collection. It was collected by D. Kelly from the Seneca #1 mine
surface rock pile, Kearsarge flow top deposit. Calcite is associated with native copper. It was as-
signed a formation temperature of at 245 °C (pumpellyite/epidote zone). XMn discussed in text.
Measurement error is 2SE. Spot locations provided in Figure S7.
6180 613C
Sample Spot Analysis Measured M rement Calculated Measured M rement Calculated XMn
Number ~Location Location o50smow oM s40mo  BBCrop e 815Cco2
Error Error
DK-1a g1 [KearsarsedeposiSen- ), 0.48 12.6 43 0.66 -14  0.00000
eca Mine
DK-1a Gy KearsargedepositiSen- 0.44 126 44 0.74 -15 000000
eca Mine
DK-la Gy~ KeamsargedeposiSen- ), , 0.46 13.2 -1.9 0.64 09  0.00134
eca Mine
DK-1a Ga  NeamsargedeposiSen- g 048 127 3.1 0.66 -02 000180
eca Mine
DK-la Gs ~ KeamsargedeposiSen- ;¢ 0.43 13.2 3.9 0.64 -10  0.00000
eca Mine
DK-la Ge ~ KearsargedeposiSen- ), 0.49 133 3.6 0.63 -07  0.00053
eca Mine
DK-1a Gy [KearsargedepositiSen- ), 047 127 43 0.64 -14  0.00088
eca Mine
DK-la G ~ NearsargedepositSen- g, 0.56 11.8 41 0.64 -12 0.00029
eca Mine
Kearsarge deposit/Sen-
DK-1a G9 . 17.9 0.42 10.5 not analyzed notanalyzed notanalyzed 0.00222
eca Mine
DK1a  Glo  KearsargedepositSen- ), 0.48 9.5 43 0.63 -15  0.00342
eca Mine
DKla G earsargedepositiSen- g 0.42 8.5 7.6 0.62 -47  0.00449
eca Mine
DKla  Grp ~ KearsargedeposiSen- oy, 0.44 133 5.2 0.74 -23  0.00000

eca Mine
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DK-1a Giz  [earsarge deposit/Sen- 193 0.36 11.8 27 0.67 0.2 0.00006
eca Mine
Kearsarge deposit/Sen-
DK-1a G14 . 19.9 0.42 12.4 not analyzed notanalyzed notanalyzed 0.00017
eca Mine
DK-1a Gis  Kearsarge deposit/Sen- 20.1 0.39 126 46 0.82 -17  0.00012
eca Mine
DK-1a Gl ~ [earsarge deposit/Sen- 20.0 0.32 125 -82 0.70 53 0.00730
eca Mine
DK-1a Gry  Kearsarge deposit/Sen- 17.7 0.41 10.3 53 0.63 24  0.00255
eca Mine
DK-la Gig  [earsarge deposit/Sen- 17.0 0.36 9.6 -102 0.63 73 0.00320
eca Mine
DK-1a Glg ~ [earsarge deposit/Sen- 17.0 0.41 95 6.4 0.63 35 0.00000
eca Mine
DK-la Goo  [earsarge deposit/Sen- 19.0 034 115 -6.1 0.63 33 000245
eca Mine
DK-la Gp1  Kearsarge deposit/Sen- 18.6 0.52 112 48 0.71 -19 000477
eca Mine
DK-la Gop  Kearsarge deposit/Sen- 145 0.41 7.1 -8.7 0.63 58 0.00029
eca Mine
DK-1b Gpg  [earsarge deposit/Sen- 187 047 113 -18 0.64 11 0.00053
eca Mine
DK-1b Goa  [earsarge deposit/Sen- 17.9 0.43 105 -17 0.64 12 0.00098
eca Mine
DK-1b Gos  [earsarge deposit/Sen- 17.5 0.36 101 25 0.80 0.4 0.00000
eca Mine
DK-1b Goe ~ [earsarge deposit/Sen- 18.4 042 109 3.0 0.64 -01  0.00058
eca Mine
DK-1b Gy Kearsarge deposit/Sen- 17.9 0.51 105 -18 0.65 11 0.00100
eca Mine
DK-1b Gog  [earsarge deposit/Sen- 182 0.42 10.8 -14 0.73 15 0.00055
eca Mine
DK-1b Gpg  Kearsarge deposit/Sen- 18.1 037 10.6 11 0.69 18 0.00064
eca Mine
DK-1b Gao ~ [earsarge deposit/Sen- 185 0.35 11.0 27 0.64 0.2 0.00000
eca Mine
DK-1b Ga1  [earsarge deposit/Sen- 17.3 0.50 9.8 -3.1 0.64 02 0.00064
eca Mine
DK-1b Gap  [earsarge deposit/Sen- 172 0.51 9.8 5.1 0.73 22 000006
eca Mine
DK-1b Gz [earsarge deposit/Sen- 174 0.41 100 21 0.64 08 0.00000
eca Mine
Table S9. Late-stage stable isotope SIMS calcite data for sample CM-1. CM-1 is part of the A. E.
Seaman Mineral Museum Research Collection, also labeled CAL 94-7. It was collected underground
by T. Bornhorst at the 195 m marker along the main adit which is parallel to the strike of the Knowl-
ton flow top at the Caledonia Mine. An approximately 10 cm wide vein with strike perpendicular
to the flow top deposit and near vertical dip. The barren vein clearly cross cuts the native copper
mineralized Knowlton flow top deposit. This is a late-stage vein with calcite and laumontite and
lacking native copper [2]. It was assigned formation temperature of 150 °C. XMn discussed in text.
Measurement error is 2SE. Spot locations provided in Figure S8.
6180 613C
Sample Num- Spot Analysis Measured M " Calculated Measured M {E Calculated XM
ber Location Location 0180smow easuremen 0180m20 013CrpB ecasurement Lr 01BCco2 n
Error ror
Caledonia
CM-1a H1 Mine 17.5 0.44 2.9 not analyzed not analyzed not analyzed  0.00000
Caledonia
CM-1a H2 K 17.2 0.39 2.5 -8.5 0.88 -8.9 0.00088
Mine
Caledonia
CM-1a H3 16.1 0.42 14 -7.1 0.68 -7.6 0.00000

Mine
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CM-1a pg o Coledonia g, 041 14 ~104 0.88 -109 000059
Mine
Caledonia
CM-1a H5 . 16.4 0.48 1.7 -9.9 0.64 -10.4 0.00053
Mine
Caledonia
CM-1a Hé6 . 16.6 0.38 1.9 -9.8 0.65 -10.3 0.00000
Mine
Caledonia
CM-1a H7 . 16.7 0.39 2.0 -9.1 0.72 -9.6 0.00000
Mine
Caledonia
CM-1a H8 . 17.2 0.51 2.6 -8.3 0.68 -8.8 0.00047
Mine
Caledonia
CM-1a H9 . 16.9 0.31 2.2 -9.0 0.72 -9.5 0.00012
Mine
Caledonia
CM-1a H10 . 17.3 0.43 2.7 -7.8 0.64 -8.2 0.00000
Mine
Caledonia
CM-1a Hi1 . 17.1 0.58 2.4 -9.0 0.64 -9.5 0.00000
Mine
Caledonia
CM-1a H12 . 17.0 0.48 24 -9.8 0.64 -10.2 0.00029
Mine
Caledonia
CM-1a H13 . 17.3 0.48 2.6 -8.5 0.64 -9.0 0.00081
Mine
Caledonia
CM-1a H14 . 17.5 0.41 2.8 -84 0.90 -8.9 0.00041
Mine
Caledonia
CM-1a H15 . 174 0.47 2.8 -8.3 0.70 -8.8 0.00023
Mine
Caledonia
CM-1a Hie6 . 17.8 0.44 3.2 -8.5 0.67 -9.0 0.00000
Mine
Caledonia
CM-1b H17 . 16.5 0.40 1.8 -10.7 0.64 -11.2 0.00081
Mine
Caledonia
CM-1b H18 . 16.8 0.53 2.2 -9.5 0.73 -10.0 0.00023
Mine
Caledonia
CM-1b H19 . 16.4 0.45 1.8 -9.3 0.73 -9.8 0.00029
Mine
Caledonia
CM-1b H20 . 18.2 0.33 3.5 -10.5 0.62 -11.0 0.00023
Mine
Caledonia
CM-1b H21 . 15.4 0.42 0.8 -10.2 0.63 -10.7 0.00000
Mine
Caledonia
CM-1b H22 . 16.4 0.42 1.7 -10.5 0.70 -10.9 0.00047
Mine
Caledonia
CM-1b H23 . 16.9 0.52 22 -9.5 0.78 -10.0 0.00052
Mine
Caledonia
CM-1b H24 . 16.8 0.45 2.2 -8.8 0.64 -9.3 0.00012
Mine
Caledonia
CM-1b H25 . 16.7 0.46 2.0 -10.1 0.64 -10.6 0.00000
Mine
Caledonia
CM-1b H26 . 17.2 0.37 2.6 -9.1 0.64 -9.5 0.00140
Mine
Caledonia
CM-1b H27 . 16.9 0.57 22 -9.2 0.74 -9.7 0.00000
Mine
Caledonia
CM-1b H28 . 16.4 0.50 1.8 -11.4 0.62 -11.9 0.00000
Mine
Caledonia
CM-1c H29 . 16.7 0.46 2.0 -8.5 0.64 -9.0 0.00134
Mine
Caledonia
CM-1c H30 . 16.9 0.42 2.2 -9.7 0.64 -10.2 0.00111
Mine
Caledonia
CM-1c H31 . 16.9 0.43 2.2 -11.1 0.64 -11.6 0.00000
Mine
Caledonia
CM-1c H32 . 17.6 0.43 29 -10.1 0.65 -10.6 0.00000
Mine
Caledonia
CM-1c H33 . 17.7 0.44 3.1 -9.2 0.64 -9.7 0.00000
Mine
Caledonia
CM-1c H34 16.7 0.46 2.1 -9.9 0.72 -10.4 0.00000

Mine
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CM-1c pgs ~ CAledonia 183 0.49 37 95 0.68 100 0.00111
Mine
Caledonia
CM-1c H36 . 16.3 0.54 1.7 -11.6 0.65 -12.1 0.00081
Mine
Caledonia
CM-1c H37 . 16.1 0.46 1.5 -9.5 0.64 -10.0 0.00000
Mine
Caledonia
CM-1c H38 . 17.1 0.48 2.5 -9.3 0.64 -9.8 0.00000
Mine
Caledonia
CM-1c H39 . 17.5 0.50 2.8 -8.7 0.64 -9.2 0.00023
Mine
Caledonia
CM-1c H40 . 17.4 0.49 2.8 -10.0 0.74 -10.5 0.00133
Mine
Caledonia
CM-1c H41 . 174 0.38 2.8 -8.5 0.64 -9.0 0.00070
Mine
Caledonia
CM-1c H42 . 20.7 0.59 6.0 -9.1 0.64 -9.6 0.00000
Mine
Caledonia
CM-1c H43 . 17.8 0.37 3.1 -85 0.71 -9.0 0.00000
Mine
Caledonia
CM-1c H44 Mine not analyzed not analyzed  not analyzed -9.6 0.64 -10.0 0.00000

Figure S1. Spot Analysis Cathodoluminescence image of TB-293. This sample is from the Quincy
mine. Small circles represent spot location for oxygen and carbon isotopic determinations, the labels

are the spot locations referenced in Table S2.
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Figure S2. Spot Analysis Cathodoluminescence image of WAS-121. This sample is from the
Kearsarge Seneca mine. Small circles represent spot location for oxygen and carbon isotopic deter-
minations, the labels are the spot locations referenced in Table S3.
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WAS-752a

WAS-752b

Figure S3. Spot Analysis Cathodoluminescence image of WAS-752. This sample is from the
Kearsarge Wolverine mine. Small circles represent spot location for oxygen and carbon isotopic de-
terminations, the labels are the spot locations referenced in Table S4.
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WAS-505

Figure S4. Spot analysis cathodoluminescence image of WAS-505. This sample is from the Quincy
mine. Small circles represent spot location for oxygen and carbon isotopic determinations, the labels
are the spot locations referenced in Table S5.
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Figure S5. Spot analysis cathodoluminescence image of CAL-94-29. This sample is from the Cale-
donia mine. Small circles represent spot location for oxygen and carbon isotopic determinations, the

labels are the spot locations referenced in Table S6.
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Figure S6. Spot analysis cathodoluminescence image of MOR-1. This sample is from the Quincy
mine. Small circles represent spot location for oxygen and carbon isotopic determinations, the labels
are the spot locations referenced in Table S7.
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Figure S7. Spot analysis cathodoluminescence images of DK-1a and DK-1b. These samples are from
the Kearsarge Seneca mine. Small circles represent spot location for oxygen and carbon isotopic
determinations, the labels are the spot locations referenced in Table S8.
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Figure S8. Spot Analysis Cathodoluminescence images of CM-1a, CM-1b, and CM-1c. These sam-
ples are from the Caledonia mine. Small circles represent spot location for oxygen and carbon iso-
topic determinations, the labels are the spot locations referenced in Table S9.
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