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Figure 1. Simplified tectono-stratigraphic map of the Late Archean terranes surrounding the

Soudan Mine.

Peterson & Patelke 2003



Hydrologic Environment

Surface waters drain NW into Lake Vermilion

Lake Area: 40,557 acres
Littoral Area (<15 ft deep): 15,006 acres
Maximum Depth: 76 ft

Shallow water table (locally at surface)
Beaver dams, ponds, Lakes

Thin surficial sediments

Hard, fractured igneous and metamorphic
bedrock



Hypothesized Groundwater Types

Soudan analog along
the Vermilion Moraine

Near ice sheet margins, steep
topographic gradients are

predicted to induce deep flow — K
of glacial meltwater into

underlying substrate.

Deep (>1km) saline groundwater,
common in the Canadian Shield

Shield brine (Ca-Na-Cl)
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Plate 3: Bedrock Geologic Map of the
Soudan Mine Area, St. Louis Co.,

NE Minnesota
Dean M. Peterson and Richard L. Patelke
Economic Geology Group, NRRI UMD
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Stalagmite
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15t Bubbler

27t Tevel West
D.D.H. 942

Ca-Mg-Na / Cl
Twice as salty as sea water

Very reducing water
Fe*? rich
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Mammoth
Hot Springs,
Yellowstone
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ILake Banda-Mir,
Afghanistan
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Evidence for Recent Liquid
Water on Mars

MOC M21 01914

iy Image 4km wide! .

* Anastomosing channels
o Stream lined uplands

e Degraded terraces

e Abandoned spillways

* Regularly spaced rib-like
bedforms

e Lack of craters on erosional
features indicates young age

Baker (2001)
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Phase Dlagram for Pure Water
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Joe Mitchell adapted from Bodnar (2001)
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Soudan Mine
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Phase Diagram for Eutectic Brines
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The Earth and Mars

What can we learn by
studying the Earth,
that will help us in

the search for life

on Mars?

1. Life is tough
(extremophiles)

2. Life is tenacious
(long survival times)

3. Life is metabolically diverse
(It eats anything, it breathes anything)

4. When conditions get tough, life moves inside the rocks!



The Big Picture'- Microbial Ecology: ¢

The microbial world is‘not really a good expressien. Itisnota’
world s not a planet, or a‘constellation.” It’s not even a universe,
for there are 1,000,000,000 times more bacteria in the world than

.3' s,tars in the sky

. . £ _—
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" T Xt i # :
Imagine the microbial ‘world’ aé'a billion universes each made of
thousands or millions of galaxies-and you have somé idea of the |
scale of the challenge of microbial ecology il

: - g Tom Curtis - - .
- University of Newcastle upon Tyne

: Hubble Deep Space Xié‘w _ (Env. Microbiol. 2907 9(1),_1 -11)
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Level 27 of the Soudan Ixon Mine
N A _Mlcroblal Galaxy
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* There is an 1ncred1ble dlver51ty 1) { baeterla on our planet.
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Marinobacter 229  *

SRR Tree based on 16s rRNA gene

sequence of Soudan brine
Isolates and known

Marinobacter 231

Mamnocbacter 233 ¢

Marinobacter strains.

562

12

13

Marinobacter lypoliicus ]
> Ocean Marinobacter appear
Marinobacter 228 .
to be derived from Soudan
Marinobacter 232 Marinobacter
0 __ Marinobacter CAB
0 Marinobacter hydrocarboclasii Strains 228, 229 and 230 were isolated
from the 15t bubbler.
“— Masobacier aquoeche Strains 231, 232 and 233 were isolated
from the 2™ bubbler.
Gamma protecbacterium
0 Marinobacter 61A
0 Marinobacter 61B

12 Marine arciicdeep

5

Altermado " R. Lesniewski and J. Gralnick



)
3 e L
>
Enre Wbt
; oL T T LT 4
L ﬁ"- m") i t_u,-oﬂ?aﬁ?ﬂ,‘. ‘

¥ L (0 g L :

u L i o T ¥

" Vg b o <
- v Ay ‘
& v Iy - 5 - -
9 5 > A '
g ;; - -

- r.i:
R

.r "t | wsequenclng - :

. ‘,ﬁc ¥ Pl

K S

%

1st Bubbler, 27th Level West
D.D:H. 942



Subsystems Present in Red Sample ?\\Dqﬁ
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and the real diversity is where?
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