Planetary Terrestrial Analogue Library (PTAL):
Collection details
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PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo Rift

Lekaophiolite

John Day,
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Highlight: recent tholeiitic basalt from depleted mantle

One of the most active volcanicregionson
Earth ¢ all types of volcanism and
geothermalactivity.

Combination of Iceland plume hot spot
volcanism(deep primordial mantle source)
and MORBsc¢ shallow depleted mantle
source

Basaltsand gabbroicxenoliths

Samplescollected from Reykjavikregion,
<700Kk.y. volcanism




PTAL terrestrial analogue sites overview

|cetand Sampling sites

Canary Islanc
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U  Within the craters,ferropicrites

Oslo Rift

Lekaophiolite

( John Day,
Qregon

Rum, Scotlan:
Granby Tuffs

JarosaRavine
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Rio Tinto
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U Tholeiiticpillow lava

16 samples from 5 sites, with masses 7859 g.

Ferropicrites, tholeiitipillow lava and sand of tholeiitic
lava, solfatara precipitates.

Minor alteration in hydorthermal conditions: hematite,
pyrite, native sulfurzeolites,carbonates, hydrated
silica, phyllosilicates.




PTAL terrestrial analogue sites overview

lceland Geology

f Cananviislads U WI | 4ileAdad volcanoswith severalstagesof evolution pre-shield, shieldvolcano,rejuvenation,
\ W ‘ developedat a passivecontinentalmargin
i Oslo Rift U Oldest units ¢ tholeiitic rocks, Rejuvenationstage ¢ ultra-alkaline rocks, naphelinites, basanites,
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elele[oRegle  Highlight: recent alkali basalt from metasomatized source




PTAL terrestrial analogue sites overview

Iceland

Cananyiislane

Vs

Oslo RIift

Lekaophiolite

John Day,
Qregon

Rum, Scotlan
Granby Tuffs
Jarosdravine

Rio Tinto

Otago schists

U In total 18 samplesfrom

U Phonolitespasanites

U Altered phonolites with

Sampling sites

9 sites,with masse$6 g-
76540.

hematite, carbonates,
zeolites, smedctites,
sulfatesandsulfides




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo mRift

Lekaophiolite

John Day,

Qregon

Rum, Scotlan

Granby Tuffs

JarosdRavine
Rio Tinto

Otago schists

Geology

Legend:
B Biotite granite
" Peralkaline granite (ckerite)

Syenite (nordmarkite and grefsen syenite)

- Monzonite and nepheline syenite

£ Lava and sediments, Permo-Cagboniferous
Cambro-Silurian sediments

@ Fen carbonatite

) Caldera

U Permian(310-240Ma) rift valley

U Characteristigplutonic rocks, magmaplumbing system
of volcanicrift zone

U Derived from mantle source via deep crustal magma
chambers A extensive fractional crystallization and
contamination

U FeandTtrichgabbros

U Associatedy hydrothermalactivity

Skagerrak

Highlight: Ti and Fe-rich basalt, compositionally similar to martian surface




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo it

Lekaophiolite

( John Day,
Qregon

Rum, Scotlan
Granby Tuffs
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Rio Tinto

Otago schists

Sampling sites

W2 i
S

S
‘ .

U Samplingn Ullernasenand Brattasen

U 3samplesof Fe, Tirich gabbros.each~1kgin mass




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

.

Vs

Oslo Rift
Lekaophiolite
( John Day,
§ Qregon

Rum, Scotlan:

Granby Tuffs

JarosaRavine

Rio Tinto

Geology

B Harzburgite LE16-0004

. i LE16-0005
. Gabbro

| Metasediment ~ LE16-0010
. Metabasalts dykes
. Pillow lavas

U Late Cambrianophiolite complex,
related to suprasubduction zone,
exhumedmantle.

U Rich in ultramafic rocks dunites,
harzburgites, pyroxenites, and
gabbros- tholeiites.
Metamorphosed

Partlyand completelyserpentinized
andcarbonatedperidotites

LE16-0015 '

LE16-0002

# LE16-0017

Highlight: serpentinized and carbonated ultramafic and mafic rocks




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Sampling sites

Oslo RIift

Lekaophiolite

John Day,
Qregon

Rum, Scotlan
Granby Tuffs
Jarosdravine

Rio Tinto

Otago schists

17 sampleswith massesof
170¢ 76449

Dunites, harzburgites,
wehrlites  partly and

completely serpentinized,
also carbonated
serpentinites and talc-

carbonaterocks

Gabbros with chlorite as
alterationproduct




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo Rift

Lekaophiolite

John gy,

5910}

Rum, Scotlan
Granby Tuffs
Jarosdravine

Rio Tinto

Otago schists

Geology

u JD formation in Oregon ¢ basaltic lavas and altered melt
rocks

Whitecap Knoll

U basalticvolcanicrocks and volcanicashes(tuffs) sequence
Andesiticto daciticpyroclastianaterial

Eastern

Western Facies

Facies

U Havebeenproposedasgoodanaloguefor extendedMawrth
Vallisdeposits

Southern
Facies
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Highlight: Weathering profile of basaltic-andesitic pyroclastics




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo RIift

Lekaophiolite

Rum, Scotlan
Granby Tuffs
Jarosdravine

Rio Tinto

Otago schists

Sampling sites

B

U Intotal 26 sampled

T—

om
U Basaltsalkaltolivinebasaltsandesites; all weatheredand unweathered Also,paleosols

U Alterationin surfaceweatheringconditions

U HancockStation U PaintedHillandesitesite U PictureGeorge




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo RIift

Lekaophiolite

Granby Tuffs
Jarosdravine

Rio Tinto

Otago schists

u
= === Major faults u
[ ——— Dykes (representative)
m Sgurr of Eigg Pitchstone Formation
@ Canna Lava Formation u

=

] - Central Intrusion E
3 A Layered | ~
g - Western Layered Intrusion } Cetitrs i
&| Bl Basteren Layered Intrusion g
- Western Granite g
:] Felsic marginal zones | %

B - Eigg Lava Formation

- Mesozoic rocks

I:] Proterozoic Torridon Group

Highlight: ferropicritic rocks

Rum island in Scotland ¢ eroded after
early Paleogenevolcaniccentre that was
activeduringopeningof North Atlantic.

Layeredultramafic rocks are remnants of
volcanefeedingmagmachamber

Parent magma was either high
temperature picritic basalt or feldspathic
peridotite




PTAL terrestrial analogue sites overview

Iceland

Sampling sites

Canary Islanc

Oslo RIift

Lekaophiolite

Granby Tuffs

RU16-0001

JarosadRavine

Rio Tinto i 1 sampleof ferropicrite, 150 g imass wasdonatedto PTAL

Otago schists




PTAL terrestrial analogue sites overview
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Lekaophiolite

John Day, N o WE N
Oregon ] [ Mesozoic basins

Rum, Scotlan

(

U Hartford rift basin Mesozoig¢, Connecticut.

_ U HampdenBasalts andsranbyTuff formationg basalt
Jarosaravine flow intertwinned. with volcanic aslpyroclastic}.

U Sample®f vesiculaasaltswith amygdales
Rio Tinto

Otago schists Highlight: Basaltic tuff with trioctahedral clays (vermiculite)




PTAL terrestrial analogue sites overview

Iceland

Sampling sites

Canary Islanc

Oslo RIift

Lekaophiolite

(b) GR-2

Rum, Scotlan

: U Sampling from Scen\éewoutcro
JarosadRavine ping P

U 4 sample®f vesiculamasaltwith masses 5@100 g.
Rio Tinto U ContainFerich, trioctahedralvermiculite+ saponite

Otago schists




PTAL terrestrial analogue sites overview

Iceland

Canary Island

Oslo Rift

Lekaophiolite

John Day,
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Rum, Scotlan:
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Rio Tinto

Geology

Jaroso ravine
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U Calealkalineor shoshoniticvolcanism
U Latevolcanichydrothermalandsupergenigarosite

U Precipitationin semiaridclimate.

Highlight: Type location of jarosite i Fe-sulfate




PTAL terrestrial analogue sites overview

celand | Sampling sites

Canary Islanc

Oslo Rift
Lekaophiolite
( John Day,
g Qregon

Rum, Scotlan

Granby Tuffs

U 3 sampleswith massesl7 g-50g

U Weatheredpegamtitesand micaschists

Rio Tinto o
U Containjarositeandclays

Otago schists




PTAL terrestrial analogue sites overview

Iceland

Canary Island

Oslo Rift

Lekaophiolite

John Day,
Qregon

Rum, Scotlan:
Granby Tuffs

JarosaRavine

Otago schists

Geology
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Iberian Pyrite Belt (IPB)
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Highlight: Acid weathering of sulfides

River deposits associated with very acidic (pH=2)

drainageandwater containingdissolvedre

Acid mine drainagein lberian Pyrite Belt, that hosts

largeamountof ore andsulfidedeposits

Juf Odiel watershed

nnnnnnn

B Dumps and other mining waste
[II] Mining facilities
- Acid water

***«  Water divide °=_




PTAL terrestrial analogue sites overview

Iceland

Canary Islanc

Oslo RIift

Lekaophiolite

John Day,
Qregon

Rum, Scotlan
Granby Tuffs

JarosadRavine

Otago schists

Sampling sites

U 3sampleswith massesl3g-130g

U Containsulfides sulfatesandiron oxides




PTAL terrestrial analogue sites overview

Iceland

.

Canary Island

Oslo Rift
Lekaophiolite
( John Day,
§ Qregon

Rum, Scotlan:

Granby Tuffs

JarosaRavine

Rio Tinto

Geology

171°F

Tasman Sea

| Youngest sediments (less than c. 2 Ma)
[z Young volcanic rocks (less than c. 23 Ma)
[7] Post-Gondwana sedimentary rocks (less than c. 100 Ma)
B schist terranes (c. 300-100 Ma)
Bl Greywacke terranes (c. 300100 Ma)
VA Volcanic~sedimentary terranes (c. 300-145 Ma)
—| Plutonic rocks (c. 350-83 Ma)

B Earliest metamorphic and sedimentary rocks
(c. 500-350 Ma) 0 km

el ~~ Simplified active faults ———

antiformal range structure

River

Highlight: Trioctahedral-vermiculite formed anoxically after chlorite

Basement
metamorphosed-e
chlorite-bearingschists.

Late CretaceouPBaleogene
extension, fault formation.

Deposition along scarps.
Short transport and limited
oxidation of chloriteA
vermiculite.

Significant content of
organic matter enabled
anoxic, reduced
conditions.

Alteration during
diagenesi®\
groundwaters and not
transportA illitization of
vermiculite (Al).




PTAL terrestrial analogue sites overview

celand | Sampling sites

Canary Island ¢ Sampling fromold gold minewithin Blue SpuConglomerate

\ Oslo Rift
 Lekaophiolite]  |SW B-GbrelsGuly catonsoous NE
h John Day, ™ carbonaceous sandstone S
§ Qregon 5o §
Rum, Scotlan [ R 1y
—

Granby Tuffs

U 5 samples, 20600g inmass

U Samplesepresent basemenimetamorphosed-echlorite-bearing
schistsvermiculitizedchlorite schistsand
formed viaalteration duringdiagenesivy groundwaters and not
transport.

JarosaRavine

Rio Tinto




PTAL terrestrial analogue sites overview

Gardlnes

Vredefort

VargeadDome

Geology

U 5kmindiameter,complexcrater

U Formed-~546 Ma in graniticgneissesand quarzitesof Precambriarbasement Basementwasoverlain
by shalesn time of impact

Legend 2z
Impactites and crater fill sediments | .

=] Sediments (sandstones,
conglomerates and shales) L

B Suevite
Gardnos Breccia
Bedrock

[ Granites, quartzites, gneisses |-
and amphibolites

Highlight: Impact melt rich in organic matter

6€ 090N

T
.BE H90N

Gardnoskrateret

Centraluplift




PTAL terrestrial analogue sites overview

cardnos | Oampling sites

Vredefort

GN16-0001

U 1sampleof impactmelt, 100gin mass
U Meltrichin chlorite,amphiboleandfeldspars

U Matrix richin organicmatter

VargeadDome




PTAL terrestrial analogue sites overview

Gardnos | GeOlOQY TEeaaieaa e
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PRETORIA SUBGROUP GHAAP DOLOMITE VENTERSDORP LAVA WITWATERSRAND BASIN KAROO SUPERGROUP

++++++
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Vredefort

PRESENT SURFACE
¢¢¢¢¢¢
xxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxxxxx

BASEMENT GRANITE

xxxxxxx

U 2 Gaold crater, oldestknownon the Earth

x
x
x x CG
7 Ol Inlandsee Greenlands
pan ’ Greenstone
Complex
KAROO COVER A

4

DIORITIC AND PERALKALINE INTRUSICNS

TRANSVAAL SUPERGROUP
VENTERSDORP SUPERGROUP

[ ] centraL RaD GROUP
[T]TIT] pomnioN GROUP AND WEST RAND GROUP

OUTER GRANITE GNEISS
[t) INLANDSEE LEUCOGRANOFELS

U Originally 160-300 km across, now siginificantly
destructed

U Targetrockwasgranite

ARCHEAN GREENSTONES

[ @ ] VREDEFORT CENTRAL GRANITE (CG)

/ DYKES  NS: NEPHELINE SYENITE G: GRANOPHYRE
A GRANITICAPUTE D: DIORITE

VargeadDome Highlight: Archean crater




PTAL terrestrial analogue sites overview

*

cardnos | Sampling sites

Vredefort

VargeadDome U 1sampleof impactmelt, 130gin massavailable




PTAL terrestrial analogue sites overview

Gardnos

Vredefort

VargeadDome

Geology

0 25 miles

e e Zana e ki s e o e \ -t
North Carolina 0 25 kilometres

Highlight: Carbonate-bearing impactite

U 85kmin diameter,complexcrater

U Formed35.4 Mainto asedimentarytarget




PTAL terrestrial analogue sites overview

Gardnos

Vredefort

VargeadDome

Sampling sites

. Contact
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Pardly devitrified glass
matrix of mek clast

EXPLANATION
Clast-rich impact melt rock
Suevite

Cataclastic gneiss block or boulder

R

U  Samplingprovidedfrom drill core EyrevilleB

U 2samples20gin masseach

U Samplesepresentsueviteand melt rock




PTAL terrestrial analogue sites overview

Gardnos Geology

7. 76 80° E
N 19.984
“K = 19982
Vredefort  jotpar
Lonar impact crater 19.978
- Mumbai D&can 4 -
Chesapeak Arabian Seca baps =
B ay 1 {f : L 1097

765 76502 76.504 76.506 76,508 76.51 76,512 76.514 76.516 76.518

Simple(1.9 km diameter)crater
Formedat 520-570ka

Into 65 Ma Deccanlrapstholeiite basalt
Now infilled with lake of alkalinepH.

cC. C.C: C:

Vargeadbome Highlight: Impact melts in basaltic target + hydrothermal activity




PTAL terrestrial analogue sites overview

Gardnos

Vredefort

VargeadDome

Samples

Increasinglegreeof shock

3 samples54-336gin mass,

Representarget basalt,highlyshockedbasaltandimpactmelt,
Targetrockslightyweathered,

Vesicleof impactmelt filled with alterationminerals

GuR e e




PTAL terrestrial analogue sites overview

Gardnos

Vredefort

Geology

Geologic units

Brecciated volcanic rocks and
| polymictic breccias

- Acidas Chapeco unit
(porphyritic rhyodacite)

Kipur | Alto Uruguai unit (tholeiitic basalt)

#gEmn Deformed Piramboia/ Botucatu
""""" formations and sandstone breccia

——— Contact between lava flows
—— Normal faults

1|---- Lineament
, | | === Chapecozinho River
1| = BR-282 Highway

...... Unpaved road

Dl Tow

Highlight: Impactites in basaltic target

Outcrop occurrence
= Alto Uruguai unit
= Acidas Chapecé unit
o Acidas Chapecé breccia

* Alto Uruguai breccia
+ Polymictic breccias
« Shatter cone bearing basalt

A compleximpact crater (12.4
km in d), formed 123Ma, in
late Cretaceous

Formed In lavas and
sandstones of the Parana
Basin Brazil




PTAL terrestrial analogue sites overview

cardnos | Sampling sites

Vredefort

J
»
VO16-0001

U 4samples130260gin mass
U Samplesepresenttarget basaltand polymictbrecciasof varioussorts

U Containalterationminerals oxides,saponite kaolinite




PTAL terrestrial analogue samples inventory

Thefinal list of terrestrial analoguesincludes atotal of 106 samples,which were organizedin 15 different groups:

Group 1: Iceland (16 samples)

Group 2: Scotland(1 sample)

Scotland
Rum

RU

Sampled by
RU16-0001 Dougal Jerram

Group 3: Antarctica (1 sample)

Antartica
Dry Vallies

DV

Sampled by
DV16-0001 Dougal Jerram

Site

Site

Coordinates

Coordinates

Weight
158g

Weight
3589

Group -Iands - GrandCanary(9 samples)

Group 5: Canarylslands-Tenerife (9 samples)

Tenerife

Mna. Reventada
Mna. Reventada
Adeje

Mna. Amarilla
Mna. Amarilla
Los Azulejos
Los Azulejos
Los Azulejos
Los Azulejos

Sample
place #

MR
MR
AD
AM
AM
TF
TF
TF
TF

Sample #

MR16-0001
MR16-0002
AD16-0001
AM16-0001
AM16-0002
TF16 -0002
TF16 -0028
TF16-0059
TF16-0066

Sampled by

DHS
DHS
DHS
DHS
DHS
FT
FT
FT
FT

Site

Mna. Reventada.
Mna. Reventada.
Adeje
Mna. Amarilla
Mna. Amarilla
Los Azulejos
Los Azulejos
Los Azulejos
Los Azulejos

Coordinates

N28.16.20.7 W016.43.43.4
N28.16.20.7 W016.43.43.4
N28.06.50.7 W016.44.00.1
N28.00.34.4 W016.38.14.4
N28.00.34.4 W016.38.14.4
N28 13 07.67, W 16.37.40.39
N28 13 07.67, W 16.37.40.39
N28 13 07.67, W 16.37.40.39
N28 13 07.67, W 16.37.40.39

Weight

652 g
450 g
4389
1559
490 g

619
1739
1679

66 g



