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Study Area: Kangerlussuaq region of western
Greenland
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Study Area: Kangerlussuaq region of western
Greenland

* Akuliarusiarsuup Kuua River
(AKR), which drains the
Russell Glacier, a land
terminating lobe of the
Greenland Ice Sheet (GrIS)
located in the Kangerlussuaq
region of western Greenland

* AKR integrates water from
Seashore Lake and another
small subglacial discharge
tributary

* Climate 1s low Arctic polar
desert

* Mean annual precipitation 1s
low

Google Earth Image



Geologic Background

* Russell and Leverett Glaciers overlie a g o Gl Yol
geologic boundary between the = I
southern Nagssugtogidian Orogen to o ! w B
the north and the North Atlantic craton S P
to the south = s =

* Regionally dominated by Archaean o | R
gneisses —feril B~

e Southern Nagssugtogidian Orogen: mE Ky
amphibolite-facies | 'z _ 2
* North Atlantic Craton: granulate facies - ™ /”” -

* Northward transition from undeformed
to deformed Kangamiut dykes marks
the boundary between the terranes




Why Did I Chose this Topic?

e Glaciers
e Radiogenic and stable Sr isotope ratios (8/Sr/%°Sr)
* The paper came out just this year

* Has to do with hard-rock geochemistry as well as agueous
geochemistry



Periodic Table of the Elements




S7Sr/%6Sr

* Isotopes are atoms of the same element that differ in the number of neutrons

* The difference between 3/Sr and 8°Sr is the number of neutrons in the
nucleus

* 86Sr means that the mass number (number of protons plus the number of neutrons) of
this 1sotope 1s 86

* 87Sr means that the mass number of this isotope is 87

* The - decay of naturally occurring ¢’Rb,, to stable 87Sr, is the basis for the
Rb-Sr method of dating

» Geochronometry equation is written in terms of the isotopic ratio 3’Sr/3Sr

* Used to date Rb-rich minerals such as muscovite, biotite, and K-feldspar in

igneous and metamorphic rocks based on assumed values of the initial
87Sr/%°Sr ratio

Faure, Gunter (1998)



Stable Sr isotope ratios (8/Sr/%°Sr)

» Strontium has 4 stable, naturally occurring isotopes: *Sr (0.56%), %°Sr
(9.86%), 31Sr (7.0%), and 85Sr (82.5%)

* Important concept for 1sotopic tracing is that Sr derived from any
mineral through weathering reaction will have the same 87Sr/%0Sr as the
mineral

 Only 3’Sr is radiogenic
 Produced by decay from radioactive alkali metal 3’Rb

« Two sources of ®’Sr in any material: formed during primordial nucleo-synthesis

along with 84Sr, 86Sr, and 38Sr, as well as that formed by radioactive decay of
87Rb



Applications

* Provenance 1dentification

* Global weathering and hydrothermal activity cycles
* Stratigraphy and correlation of marine sediments

* Mixing of seawater and freshwater sources

* Tracing the source and constraining the timing of formation of

Sr

Strontiusm

,,,,,,,,,,

groundwater pathways and processes

* Forensics (1vory, wood, ceramics, etc.)




Previous Work Objectives

* How does silicate weathering affect the
geochemistry of subglacial discharge from

the Russell Glacier into the proglacial
AKR?
* How do elemental concentrations and

radiogenic and stable Sr 1sotope affect .
the geochemistry?

6708’

* What 1s the elemental and Sr 1sotope
geochemistry of suspended sediments,
bedload sediments, bulk rocks, and mineral
separates?

M 6702

 What are the solute sources that are
determined by 87Sr/6Sr ratios?

W 5030

(Andrews and Jacobson, 2018)

S0LE N



Previous Work

. Usin% radiogenic and Sr isotope ratios (3/Sr/%°Sr)to examine controls
on solute acquisition 1n subglacial discharge from the Russell Glacier

* Two melt seasons (2014 and 2015)
* Analyses of mineral separates from bulk rocks

* Water samples were collected once per week, from June through
August

* Downstream transect samples of the AKR were collected within one
week of each other, once per month

* Water temperatures

* Anion, cation, and S1 concentration analyses as well as Sr 1sotope
analyses



Results of the research

e Silicate mineral weathering dominates the solute geochemistry of the
Greenland Ice Sheet subglacial discharge 1n contrast to valley glaciers

* Ice sheet subglacial chemical weathering may have a greater impact on
long-term CO2 drawdown

* Radiogenic Sr 1sotope ratios of subglacial discharge, sediment, and
bulk rocks suggest that minerals with high 8’Sr/%¢Sr ratios
preferentially weather and elevate 8/Sr/%°Sr ratios of the dissolved load
above the background level of bulk bedrock

* Calcite weathering doesn’t appear to be the prevailing control on
subglacial discharge 87Sr/36Sr ratios



How am I going to improve the project/ my
contribution

* Inverse Modeling 1n Phreecq to:

* Confirm the 1dea that the subglacial discharge from
Russell Glacier 1s acquiring elemental geochemistry from
the rocks that are within the area.

* Another modeling approach was done 1n order to look at
the interaction between the AKR and Seashore Lake.
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Table 1
Elemental and Sr isotope geochemisiry of the Akuliarusisrsuup Kuua River and Seahorse Lake during the 2014 melt season,

Sample  Site  Distance Date T Ca Mg K Na Al Ba Fe Si Sr S04 Alkalinity pH *'Se/**Sr 8***Sr Suspended
D I (km)  (m/d) (=C) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (nmol/L) (pmol/L} (umol/L) (nmol/L) (umol/L) (peq/L) (%) {-':dmm
L)

Abadliarusiarsiep Kuwa River

W25 P 0.1 617 02 25 8.2 10 87 32 1.5
W6 K 1.0 617 1.1 22 8.2 7 8.7 24 0.8
W27 ] 2.4 6-17 21 22 8.2 1.7 8.7 30 1.0
W2R 1 4.4 618 36 32 8.2 10 87 07 0.2
H 9.2 6-21 23 30 8.2 10 BT 2.2 1.0
G 1.0 618 32 30 8.2 13 87 55 23
E 15.6 621 1.6 32 .2 15 22 7.0 2.3
D 20.7 621 20 45 12 k1) 61 41 1.3
C 171.2 622 1.5 42 12 28 7 33 1.0
B 321 6-22 20 45 12 28 il B.5 1.8
P 0.1 628 0.0 20 8.2 5.1 8.7 0.6 39
P

P

K

J

I

H

G

E

[B]

bdl B3 T.01 0.725%6 0,332 012
bl 78 nd  0.72487 nd nd
bdl T8 0.724%6
11 T8 0.72502
bdl 95 0.73141
10 T8 0.73211
1 6 0.74183
21 165 0.74764
20 155 0, 74674
18 0.74712
bdl B2 0.T1988
bdl J90.72330
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=

0.1 702 0 8.2 5.1 4.3 1.5 0.8
IR 722 03 10 bdl 26 bdl 0.9 . 0.6 bdl 20 0.72127
1.0 723 16 10 bl 26 bdl 28 1.1 bdl 0.72112
2.4 723 26 10 bdl 26 bdl a7 1.3 bdl 0.72109
4.4 7-23 5 41 5.1 4.3 1.9 0.7 bdl 0, 72496
9.2 7-24 34 8.2 1.7 4.3 1.6 hdl 0, 72895
724 40 8.2 .7 4.3 44 1.4 bdl 0.72914
bl 0.73852
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“nd” indicates no data, “bdl” indicates below instrumental detection limit. Cl concentrations not shown because all samples were bdl (<1 ppm). SO, concentrations were bdl when <1 ppm.
Site 1D and distance corresponds to Fig 1.




Selected Output 1

Solution 1: pure water

pH

Al
Alkalinity
Ba
C(-4)
C(4)
Ca
Fe(2)
Fe(3)
H(@®)
K

Mg

Na
0(e)
5(-2)
5(8)
5i

Sr

Locw I v TR wow T o T o T T v T v TR TR Y s I T T T Y R v B

Input

.B8Be+20
. B@Be+20
.520e-88
.B8Be+20
.D88e+00
.D@0e+00
.DB0e+00
.D@0e+20
.BBBe+88
.BBBe+B8
.BBBe+88
.BBBe+B06
.BBBe+B06
. BBBe+B0
. BBBe+806
.080e+00
.B88e+00
. 082e+00

e e S s T s o ST S R S S S S S

DD DD 0000000050058 53

Delta

. 088e+08
. B@de+00
.528e-08
. B@de+08
. 0@8e+08
. B@de+00
. 08Be+08
. 0@8e+08
. BB88e+868
. BBBe+B08
. BBBe+08
. BB0e+B6
. BB6e+86
. BBBe+B06
. BBBe+B6
. B@0e+08
. B88e+08
. B88e+00

Input+Delta

7.608e+08
. B0Be+B0
. BBBe+B0
. B0Be+B0
. B0Be+B0
. BBBe+B0
. BBBe+B0
. B0Be+B0
. B8Be+88
. BBBe+B8
. BBBe+08
. B8Be+B0
. BBBe+B0
. BBBe+B0
. BBBe+00
. B08e+00
. B0Be+00
. B08e+80

Q0000000000000 03

Input Delta Inputc+Delta
PH 6.500e+00 <+ 0.000e+00 6.200e+00
Al 1.200e-05 4+ 0.000e4+00 = 1.200e-05
BAlkalinity 2.070e-04 + -1.880e-05 = 1.872e-04
Ba 3.5900e-08 <+ 0.000e+00 = 3.500e-038
C{-4) 0.000e+00 <+ 0.000e+00 = 0.000e+00
C(4) 3.793e-04 + 0.000e+00 = 3.7593e-04
Ca 6.000e-05 + 0.000e+00 = 6.000e-05
Fe(2) 3.598e-06 + -3.598e-06 = 0.000e+00
Fe(3) 1.871e-08% <+ 0.000e+00 = 1.971e-0%9
H{D) 0.000e+00 <+ 0.000e+00 = 0.000e+00
K 3.800e-05 + -3.080e-05 = T.200e-06
Mg 1.200e-05 <+ 0.000e+00 = 1.200e-05
Ha 6.100e-05 4+ -6.100e-05 = 0.000e+00
O (0) 0.000e+00 <+ 0.000e+00 = 0.000e+00
5(-2) 0.000e+00 <+ 0.000e+00 = 0.000e+00
5(6) 1.800e-05 + -1.T78&e-05 = 1.370e-07
5i 5.300e-05 + 0.000e+00 = 5.300e-05
5r S9.800e-08 + 0.000e+00 = S.800e-03
Solution fractions: Minimuam Maximuam
Solution 1 1.000e+00 1.000e+00 1.000e+00
Solution 2 1.000e+00 1.000e+00 1.000e+00
Phase mole transfers: Minimuom Maximuam
Barite 3.500e-08 0.000e+00 7.800e-08 BaS04
Calcite 6.000e-05 0.000e+00 1.200e-04 CaCo3
Chlorite (144) 2.400e-06 0.000e+00 4.800e-06 MgSal25i3010 (OH) B
Celestite 5.800e-08 0.000e+00 1.560e-07 Sr504
Quart= 2.420e-05 0.000e+00 1.060e-04 5i02
Hematite 9.854e-10 0.000e+00 0.000e+00 Fe203
K-feldspar T.200e-0& 0.000e+00 2.400e-05 KAl15i308
C02 {g) 3.183e-04 0.000e+00 T7.586e-04 Co2




pH
Al
Blkalinity
Ba
C({—4)
C{4)
Ca
Fe(2)
Fe (3)
H{O)
K

Mg
Ha
o(a)
5(-2)
Sie)
51

S5r

Solution fractions:

Solution 1
Solution 2

[
1
2
3
O
3
[
3
1
0
3
1
[
0
0
1
=
S

Input

. 500e+00
.200e-05
L0T0=-04
.900=-08
.000e+00
. T93e-04
.000e-05
.5898e-06
“21Ie—08
. 000e+00
.8002-05
.200e-05
L100=-05
.000e+00
.000e+00
.800e-05
.300e-05
.500e-08

.000e+00
.000e+00

L E R E E L E E EEE R

Delta

. 000e+00
L000e+00
LA00e-05
.000e+00
000e+00
.253e-04
.000e+00
.5288e-06
.000e+00
. 000e+00
.800e-05
L200e-05
LA00e-05
.000e+00
000e+00
- 1962—05
.000e+00
.500e-08

Minimum

000e+00
L000e+00

Input+Delta

6.500e+00
.200e-05
.560e-04
.900e-08
0002400
.400e-05
.000e-05
. 0002400
.871e-05
. 000e+00
. 0002400
. 0002400
0002400
0002400
. 0002400
.8900e-08
.200e-05
.000e+00

DWW 0000032 Mn0mBa Wk =

Mz imuam
00 0e+00
L000e+00

Pha=se mole transfers:

Anorthite
Barite
Calcite
Goethite
Quartz

.000e-06
.900e-08
.400e-05
BT ¥e—08
.100e-035

Minimum

. 000e+00
. 000e+00
. 000e+00
. 000e+00
. 000e+00

Maximum
.200e-05
.B00e-08
.200e-04
.B42e-089
De0e-04

Canl25i208
BaS504
CaCo3
Fe(CH

5i02




Output of
Equilibrium
Phases

8I** log IAP

Phase

21 (CH) 3 (a) .66
Rlkite =3 T
Alunite 4. 04
2nhydrite -4 .99
Anorthite —3.73
Aragonite =3.87
Barite =2 15
Ca—-Montmorillonite S
Calcite —3.71
Celestite -5.2589
Chalcedony —0.44
Chlorite(l4h) —23 .93
Chrysotile —-19.62
coz (g) -2.55
Dolomite —-8.3¢6
Fe (OH) 2 (a) —0.47
Gikkbsite 3.57
Goethite 4_55
Gypsum —4_42
H2 (qg) —21.02
H20 (g) Lo 1
Hematite 11.00
Tllite 3.84
Jarosite—F =12.50
E—feldspar -0.51
F-mica 12.13
Faclinite g.00
M=lanterite =F .75
oz (qg) —49._42
Quartsz 0.06
Sepiclite =13.14
Sepiolite(d) =15.40
Siderite —-2.58
Sio2(a) -1.36
Strontianite -5.5¢6
Talc =1F_13
Witherite —-6.58

132.04
—22.71
2.63
—-5.01
—24.313
—-12.10
~12--23
92 —42
—12.10
—11 .83
—4.28
23 .47
15.58
=3.70
—-24 .85
4 .42
13.04
4.42
—5.04
—-24_05
—0.00
g.83
—39_&8
—20.25
—22 .92
28.37
17.53
—-10.27
=211
—4 .28
3.26
32.26
—13.33
-4 .2H
—14.88
T7.02
=15:528

log B(273 K, 1 atm)
12.38 Al (OH) 3
—15.54 NanlsSi3o8
1.539 Fal3(3C04)2(0CH) &
—-4_05 ZasSo4
—20.40 Cahl2sSiz208
-8.23 -aco3
—-10.08 BaSC4
) —48.50 Ca0.165212.33813.67010(0H) 2
-8.39 ZaZo3
—6.24 S5r3504
-3.83 5102
77.40 Mg3A125i3010(0OH) 8
325.1% Mg33i205(0H) 4
=Tz co2
=16.53 CaMg (CCo3) 2
4.89 F=(0OH)32
S.47 Al (OH) 3
-0.14 FeCOH
-4 .62 CasS0o4:2H2O
-3.02 H2
2o ¥3 H2O
=2y Fe203
—43.32 RO.6Mg0D.25A12.3813.5010(0H) 2
=35 FF=3(304)2 (0OH) &
—22.41 Enr1Si308
16.24 Eal13513cl10{CH)2
5.54 A128i205(CH)4
—2.a23 FeS04: THZ2O
-2.69 o2
—4_34 Si10Z2
l6.40 Mg28i307.50H:3H20O
18.66 Mg25i307.30H:3H20
—10.74 FelCl03
-2.91 5102
=832 SrCo3
24.16 Mg38i4010 (0OH)2Z
-8.70 Baco3



Table 1
Elemental and Sr isotope geochemistry of the Akuliarusiarsuup Kuua River and Seahorse Lake during the 2014 melt season.

Sample  Site  Distance Date T Ca Mg K Na Al Ba Fe Si Sr S04 Alkalinity pH *'Sr/f*Sr 8"%%Sr Suspended
D m  (km)  (mfd) (sC) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (nmol/L) (umol/L) (pmol/L) (nmol/L) (umol/L) (peqg/L) (%e)  Sediment

Akuligrusiorsuup Kuwa River

0.1 617 0.2 25 8.2 8.7 32 1.5 17
1.0 6-17 1.1 22 8.2 . 8.7 24 0.8 15
2.4 6-17 21 22 8.2 8.7 30 1.0 16
4.4 618 36 32 8.2 8.7 0.7 0.2 19
9.2 6-21 2.3 30 8.2 8.7 22 1.0 16
11.0 618 3.2 30 8.2 8.7 59 23 24
15.6 621 1.6 32 8.2 22 7.0 23 28
20.7 621 20 45 12 61 4.1 1.3 32
7.2 6-22 1.5 42 12 57 3.3 1.0 i
izl 6-22 20 45 12 61 8.5 1.8 43
0.1 628 0.0 20 5.2 . 8.7 9.6 39 26
0.1 T2 2 8.2 . 4.3 1.5 0.8 13
0.1 72203 10 bdl X bdl 0.9 . 0.6 6.1 hdl 23 20 0.72127
1.0 23 16 10 bl bl 28 1.1 10 bl 23 0.72112
24 123 26 10 bdl X bdl 37 1.3 14 bdl 23 072109
4.4 723 55 15 4.1 . 4.3 1.9 0.7 13 bl 44 0. 72456
9.2 24 34 20 8.2 4.3 4.8 1.6 20 bdl 68 0.72895
1.0 T4 40 0 8.2 4.3 44 1.4 19 bdl 6 0.72914
15.6 7-24 317 20 4.1 8.7 24 . 1.1 12 bdl 65 0.73852
20.7 725 09 52 8.2 4.1 ; 0.7 29 17 177

bdl B 701 0.72596
bl 78 nd  0.72487
bdl 78 0.72496
11 78 0.72502
bdl 95 0.73141
10 78 0.73211
11 e 0.74183
i 165 074764
20 155 1. 74674
18 167 0.74712
hdl 0 52 0.71988
bdl 66 19 0.72330

222228888

o
=
e
E

g :
zzzf@lzzzzzazagggezzzzeae

2HNEEFRRRR2IVER
=
&

P
K
J

l

H
G
H
D
C
B
P
P
P
K
J

I

H
G
E
[B]

2288282
2222228

321 725 30 58 8.2 KX] 1.7 X 0.5 28 22

!N 7-28 0.3 12 4.1 26 bl 1.8 1.2 8.5 bdl

0.1 82 03 17 4.1 2.6 bl 0.4 1.1 18 bdl A

0.1 812 03 20 8.2 5.1 43 27 1.2 16 hdl 6.91 0.72124
1.0 B-12 16 15 4.1 5l bdl 1.4 0.6 10 hdl nd  0.72229
24 g12 21 17 4.1 51 43 1.6 0.7 12 bdl nd 0.72175
4.4 B-13 43 20 8.2 5.1 4.3 0.7 0.3 12 bdl nd  D.72787
9.2 813 27 20 4.1 7 4.3 2.1 1.1 12 hdl nd 0.73158
11.0 B-13 2B 20 4.1 7.7 4.3 1.7 0.4 12 bdl nd  D.73187
15.6 B-14 22 30 8.2 13 17 27 1.1 18 bdl nd  0.73960
0.7 815 085 45 8.2 26 39 28 1.0 27 17 nd  0.74770
321 B-15 16 47 B2 26 43 . 0.8 26 20 0.74841

o TS e W w w W s w ®  m n e opw w ]

“nd” indicates no data, “bdl” indicates below instrumental detection limit. €l concentrations not shown because all samples were bdl (<1 ppm). 50, concentrations were bdl when <1 ppm.
Site 11> and distance corresponds to Fig. 1.
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‘ Seashore Lake Distribution of Species ‘

AKR Distribution of Species

Ba 4,300e-08

in et §a+2 4,274e-08  4.015e-08 -7.369 -7.396 —0.027 -14,69
Ba+2 3.868e-08  3.565e-08  -7.413  -7.448  -0.035  -14.67 Haati e ot Bl e B 004 e
i SolSh doepobE iy e fiitin o BaHCO3+ 1.359e-11  1.338e-11 -10.867 -10.87 -0.007 (o)
) S hEiet | Gumrens| Liilis b= e g (0) BaC03 7.58le-14 7.582e-14 -13.120 -13.120 0.000 -11.00
BaCO3 1.704e-13  1.704e-13 -12.769 -12.7689 0.000 -11.00 R Taadhesll  EadlEell e lESBR o lEadbn =0..007 (0}
BaCH+ 3.898e-15 3.820e-15 -14.409 -14.418 -0.00% (0) i) 1.4595e-04

C(4) 3.793e-04 coz 7.802e-05  7.803e-05 -4,108 -4,108 0.000 33.22
coo 1.5742-04  1.9752-04 ~3.705 ~3.705 0.000 3399 HCO3- 7.146e-05  7.035e-05 -4,146 -4,153 -0.007 21.90
HCO3- 1.817=-04 1.780e-04 -3.741 -3.74%9 -0.00% 21.91 FeHCO3+ 3.12%e-08  3.080e=-08 -7.505 -7.511 —-0.007 (0}
CaHCO3+ 7.322=-08 7.1762-08 -7.135 —-7.144 —-0.00%9 §.37 CaHCOZ2+ 1.714e-08 1.688e-08 -T.766 s D A3 —0.007 8.36
FeHCO3+ 5.9152-08  5.800e-08 -7.228 272237 -0.008 (o) MgHCO3+ 1.203e-08 1.184e-08 -7.920 -7.927 -0.007 4,43
MgHCO3+ 2.248e-08  2.202e-08 -7.648 —7.657 -0.00% 4,43 Co3-2 £.099e-09  5,731e-09 -§.215 -§.242 —0.027 -9.44
Co3-2 1.572e-08  1.450e-08 -7.803 -7.838 -0.035 -5.42 FeCo3 6.019e-10  6.01%9e-10 -9,220 -9,220 0.000 (o)
NaHCO3 £.862e-00  6.862=-08 -B.164 -8.164 0.000 1.80 NaHCO3 5.807e-10 5.807e-10 -9.,236 -9.,236 0.000 1.80
FeC03 1.133e-09  1.133e-09 -8.5946 -8.946 0.000 (0) CaC03 2.536e-10 2.536e-10 -9,5396 -9,5396 0.000 -14.69
CaC03 1.078e-09 1.078e-09 -8.967 -8.967 0.000 -14.69 MgCO3 5.817e-11 £5.817e-11 -10.235 -10.235 0.000 -17.06
(coz)z 3.081le-10  3.0281le-10 -9.511 -9.211 0.0ooo 6e6.44 (Coz)z2 4,811e-11  4.812e-11 -10.318 -10.318 0.000 66.44
SrHCO3 laledssil  dsiadedn S e =l=009 (0) SrHCO3+ 3.570e-11  3.515e-11  -10.447 -10.454 -0.007 {0)
Sy Aafinccdl  Asfdecedl Rk i kit el SN BaHCO3+ 1.359e-11  1.338e-11 -10.867 -10.874 -0.007 (o)
BaHCO3+ 3.068e-11  3.006e-11  -10.513  -10.s22 -0.00% (0} HaC03- 4.0892-13 4.026e-13 -12.388 -12.395 -0.007 —4.72
NaCO3- 4.856e-12  4.758e-12 -11.314 -11.323 -0.008 -4.72 Sl L i i Z
52003 1.304e-13  8.304e-13  -12.366  -12.366  0.000  -15.25 e il Tk ok i e i
BaC03 1.704e-13 1.704e-13 -12.769 -12,769 0.000 -11.00 ;i

Ca 6.000e-05 o AR
Ca+2 5.979e-05  5.514e-05 -4.223 -4.258 -0.035 -18.78 ais i ot G el S ittt el il 0l
Caso4 1.3432-07 1.343e-07  -6.872  -6.872 0.000 6.27 A e S doie R wlden  wlaaed 008 621
CaHCO3+ 7.322e-08  7.1762-08 -7.135 -7.144 -0.009 £.37 Rl LR e =1 706 et S 8386
Caco3 1.0782-08 1.078e-09 -8.967 -8.967 0.000 ~14.69 i daaspenlll, o2 iem1ll e waain 4.-0049 L)
s Semenainy| Sobat.it| Lhaecad Ligecea Bt (0) CaOH+ 1.74%9e-11 1.722e-11 -10.757 -10.764 -0.007 (o)
CaHS04+ 2.203e-13  2.158e-13 -12.657 -12.666  -0.00% (0) N e Sebdaenll SRRIRERLR aldBll  aelifes w0007 (0)

Fe (2) 3.598e-06 Fe(2) %.697e-06
Fe+2 3.531e-06 3.258e-06 -5.452 -5.487 -0.035 -24.23 Fe+2 4.659e-06  4.378e-06 -5.332 —-5.338 -0.027 -24.25
FeHCO3+ 5.91%=-028  5.200=-08 -7.228 -7.237 -0.009 (0) FeHCO3+ 3.12%e-08 3.080e-08 —-7.505 -7.511 —-0.007 (o)
FeS504 £.111=-0%9 §.112e-09 -8.214 -8.214 0.000 53.38 Fe504 6.059e-09 6.059e-09 -8.21%8 -8.21%8 0.000 53.38
FeCO3 1.133e-08  1.133e-09 -2.946 -8.946 0.000 () FeOH+ 7.280e-10 7.167e-10 -9.138 -9.145 -0.007 {0)
FeCH+ 5.442e-10  5.333e-10 -5.264 -9.273 -0.008 (o) FeCO3 £.01%e-10  £.019e-10 -9.220 -9.220 0.000 (o)
FeHS04+ 1.30le-14 1.275e-14 -13.88 -13.854 -0.008 (o) FeHS504+ 1.284e-14 1.264e-14 -13.891 -13.898 -0.007 (o)
Fe (CH) 2 1.746e-15 1.746e-15 -14.758 -14.758 0.000 (o) Fe (0H)Z 2.34T7e-15 2.347e-15 -14.630 -14.630 0.000 {0)
Fe (CH) 3- 1.650e-1% 1.617e-1% -18.782 -18.791 -0.00% (0) Fe (OH) 3- 2.208e-19  2.,173e-19 -18.656 -18.663 -0.007 {0)
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Seashore Lake and AKR (mixed) Saturation Indices

Phase

Al (CH) 3 (a) ]
Albite -3
Alunite 3
Anhydrite =
Anorthite =3
Aragonite -4
Barite -2
Ca-Montmorillonite
Calcite =3
Celestite e
CH4 (g) -57
Chalcedony -0
Chlorite (14A) -23
Chrysotile -15
Co2 (g) -2
Dolomite -8
Fe (CH) 3 (a) -0
FeS5 ({ppt) =23
Gibbsite 3
Goethite 4q
Gypsum -4
HZ (qg) -21
H20 (g) -2
HZS (g) -5E
Hematite 11
Illite 3
Jarosite-EK -13
E-feldspar -0
K-mica 12
Kaolinite 8
Mackinawite -52
Melanterite =
C2 (g) -49
Pyrite -81
Cuartz ]
Eepiolite -13
Sepiolite (d) -15
Siderite -2
5i02 (a) -1

SI** log IAF
.70 13.08
30 -22.83
.83 S5.42
o o -5.20
.78 -24.18
.12 =1Z.33
.18 =1Z.27

-.84 -42.
.56 =12Z.35
40 =11.54
.18 -60.25
.46 -4.289
.54 53.86
o 15.77
L -3.86
.70 -25.23
.41 4,49
.12 -57.04
.61 13.08
.62 4.4%5
.58 -8.20
.02 -24.05
L -0.00
.56 -64.62
.14 8.87
.78 =38.74
.01 -20.36
Rk -23.12
.01 28.24
.04 17.58
<38 -57.04
14 -10.26
.41 -52.10
.ol -100.66
.05 -4.289
.03 3.36
.20 3.36
.67 =13 .41
.38 -4.289

log E{275 K, 1l atm)
12.38 A1(OH) 3|
-19.54 NaRlSi308
1.55 KAl3(504)2(CH)6
-4.05 CaS04
-20.40 CaRhl25i208
-8.23 CaCO3
-10.08 Ba304
56 -48.50 Ca0.l65A12.335i3.67010(0H)2
-8.39 CaCO03
-6.54 Sr504
-2.52 CH4
-3.83 S5i02
77.40 MgSR125i3010 (0H)E
35.1% Mg35i205 (OH)4
-1.15 €02
-16.53 CaMg(C03)2
4,89 Fe(OH)3
-3.92 Fe5
9.47 Al (OH)3
-0.14 FeOOH
-4.62 CaS04:2H20
-3.02 H2
2.13 Hz20
-8.06 H25
-2.17 Fe203
-43.52 KO0.6Mg0.25A12.35i3.5010 (OH) 2
-7.35 KFe3(504)2(CH)6
-22.41 EKALSi308
16.24 KA135i3010 (CH)2
5.54 RA125i205(CH)4
-4.65 Fe5
-2.53 FeS04:TH20
-2.69 02
-19.15 FeS52
-4.34 S5i02
16.40 Mg25i307.50H:3H20
18.66 Mg25i307.50H:3H20
-10.74 FeCD3
2,81 5io2

AKR Saturation Indices

Phase
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Quartz 0.
Sepiolite =13
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Siderite -2.
5102 (a) ol B
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Talc =17

Witherite -6.

5I** log IAP
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1]
42

.02

13
0o
g4

.80

51
13
00
79

.42

06

.14
.40

o8
36
56

=13

o8

13.04
Y
5.63
-5.04
—-24.13
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-12.23

w —-42,

=12.10
-11.83
—-4.28
93.47
15.58
=3.70
-24.8%5

4.42
13.04

4.42
-5.04
-24.05
-0.00

§.83
-35.68
-20.25
-22.82
28.37
I7.53
-10.27
G - B
—-4.28

3.26

3.26
-13.33
-4.28
-14.88

T.02
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28

log K(275 K,

12.38
I8.54

¥.59
-4.05
20.40
-8.23
10.08

—48.

~-8.39
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—-3.83
77.40
35.18
=lnda
16.53
4.849
89.47
-0.14
-4.62
-3.02
Z2.13
LM B
43.52
=T. 35
22.41
16.24
85.04
S
-2.659
—4.34
16.40
18.66
10.74
e Sl
-8.32
24.16
-8.70

2l (CH)3
Nahl5i308
KR13(S04)2(0H) 6
Cas504
Cahl25i208
CaC03
BaS04

50 Ca0.165a12.335i3.67010(0H)2
CaC03
5r304
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MgSR125i3010 (OH) 8
Mg35i205 (OH) 4
coz
CaMg (CO3) 2
Fe (OH) 3
2l (CH)3
FeOOH
Ca504:2H20
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H20
Fe203
KO.6Mg0.25a12.3543.5010 (OH) 2
KFe3 (S04)2(0H) 6
KA1Si308
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Fe504:7H20
02
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FeCO3
5i0z
5rCo3
Mg35i4010 (OH) 2
BaC03



87Sr/36Sr Isotope Modeling using
Phreecq

SOLUTION

General] Individual elemert input  1sctopes {Advanced)

|sotopes:

m []87sr Haia Value | Uncertainty
mEE s lirmit

[113Ci4)
[113C(-4)
180
[1180(0)
[1180(-2)
C2H
CI2H(0)
I 2H(1)
CJa4s
1345(2)
1 345(6)

OO [ [ O e | P | —

(du)

A
o]

o
T,

AT
]

=
(2]

Description of input

Select from the list the isotope(s) in which to include in this keyword block. (The space bartoggles t
state of the check baox).

INVERSE_MODELING ?
Initial/Final solutions ] Phazes ] Balances Isctopes (Advanced)
Solution uncertainties
CREE] C2H Freeze | [_Isotope 1 2 {final) =
[113C 1 2Hi
[0 13C{4) [ 2H(1y
[113C-4) [J34s
[J180 [1345(-2
[118040) [1345i6)
[1180{-2) [187sr
£ W
Phases
J11B d2H Freeze Isotope Albite Anorthite Barite Calcite A
J13c O 2H(D) E: Value Uncert. Yalue Unceirt. VYalue Uncert. Value Uncert. ¥
[113Ci4) I2H)
[113C-4) [134s
1180 134512
[1 1800y [0 34516)
[1180-2) [1875r W
£ £ >
— Description of input
Select from the list the isotope(s) in which to include in this keyword block. (The space bar toggles the state of the check box).
DK | Cancel Help

o |

Cancel

Help




Conclusions

* The results from the two models in Phreecq suggest that silicate
minerals for the phase mole transfers can be abundant in the AKR.

* Once the AKR and Seashore Lake interact with one another and the
AKR 1s bringing its geochemical properties to the Seashore lake,
silicate minerals are precipitating out in abundance

* A difference between the distribution of species can be seen before and
after the interaction between the AKR and Seashore Lake.

* Focusing on the interaction between the AKR and Seashore Lake once
they meet, 1t can be seen in the distribution of species that calcium,
carbon dioxide, and bi-carbonate values level out compared to before
they meet.
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