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Figure 3: Crystalline phase and X-ray amorp
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Figure 6: Fe and Si extracted from bulk soil material through selective dissolution agents, measured by
atomic absorption spectroscopy, and plotted vs soil age. Hydroxylamine hydrochloridg, &% acts as both
an acid protonation and reduction agent attacking amorphous to poorly crystalline material [7]. Na-Dithionit
(Fe) acts as a purely reducing agent at near nuetral pH (~7.3), preferentially attacking Fe-oxyhydroxides a
well as some structural Fe within smectites [7] Hee, and §| are measured as mg of Fe or Si per g of soil.
Data points are from di erent depth intervals within each soll pro le. Bedrock parent material values are give
at time = 1 ka. Klamath Mountain sampling sites are geographically disparate (see Figure 1) and one pare
mateiral sample was analyzed per soll pit. One parent material sample was analyzed for the Tablelands an
Pickhandle Gulch regions respectively as soll pits at these sites were in close proximity geographically (see

clay-size fraction material from all examined soil pits. Abundances calculated Ifygure 1). Amorphous material, and Fe-rich amorphous material in particuarl, is much more abundent in th

Rietveld re nement of powder XRD patterns from clay-size fraction samples  Tablelands than at other sites. Secondary Fe is also signi cantly less crystallif€dBen the Tablelands.
spiked with 20 wt.% Al O - as in [6]. Amorphous material is present in all exa

m
Ined clay-size fraction samples but is most consistently abundent in the cIay-siA B
fraction samples of the Tableland samples. Dustborne minerals are minimal in the
Klamath Mountains and Tablelands but dominate at Pickhandle Gulch.

Figure 1: Ages of solls in the Klamath Mountains [2] and Tablelands [3] eld sites (A), and
sampling locations in the Klamath Mountains in California (B), at Pickhandle Gulch in
Nevada (C), and at the Tablelands of Newfoundland, Canada(D)
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Ultrama c _soils were exar_nined from
three varying climatic regions

1. The Klamath Mountains of northern
California
- 2 Sub-locations
Trinity Ultrama ¢ Body
Rattlesnake Creek Terrane
- Mediteranean Climate
2. The Tablelands of Newfoundland,
Canada
- Subarctic Climate
3. Pickhandle Gulch, Nevada
- Desert Climate

The Klamath Mountains and Table-
lands were previously glaciated, allow-
Ing for an examination of changes in
amorphous material over time (Figure
1).

Figure 2: Mean annual precipitation
top) and mean annual temperature
(bottom) for eld sites in the Klamath
Mountains, Pickhandle Gulch, and the
Tablelands.

Climate data for US sites from [4]
Climate data for Canadian sites from

[5]

Figure 4. Comparison
of the background
from Rietveld re ne-
ment ts of clay-size
fraction material from
Klamath Mountain and
Tablelands soils (left)
with FullPat amor-
phous ts of CheMin
XRD (right) suggest po-
tentially similar Fe-rich
amorphous mateiral
presence.

Figure 5: Ternary dia-
gram of MgO, Fe O,
and Al O content
within bedrock and
the soll the clay-size
fraction. Chemistry
determined by
CP-MS at UNLYV fol-
owing dissolution In
HF. Arrows denote
overall concentration
trends from the bed-
rock to the clay size
fraction material.

Figure 7: Transmission electron microscopy images of
clay-size fraction material taken at the Arizona State Uni-C
versity Eyring Materials Center on a FEI Titan ETEM.

A) “Flu y” mixed Fe/Si/Mg amorphous/nanocrystalline as-
semblages are present in the Klamath Mountain soll
clay-size fraction. Nanocrystalline domains are signi cant-
ly more Fe-rich and can contain some Al-content.

B) Si/Mg/Fe-rich amorphous material is widespread in the
Tablelands soll clays-size fraction and lacks the Klamath's
Intertwined nanocrystalline component.

C) Pure SIO “globular” amorphous material is present in
both the Klamath Mountains and Tablelands soills.

[u%o] Ylve &}E [RefErences

€ie Z U% S ®&X¥ocheniistry €1 "Z E % ~i

--The cool and wet conditions at the Tablelands favor the formation and AmC-EJ-vcéfSci?r;(cééfé K-CE}FgEvi 5 Oxx~mg° _
. - . sZ 7 . K S oX ~Tlile
persistence of Fe-containing amorphous material | WA olu § VIEU o Efie VA]E}vU v
--The warm and wet conditions in the Klamath Mountains favor develop-+s vjv 65iiin €0+ ~u]sZGR Planéts- 866 »
ment of crystalline Fe-containing secondary phases | | oL CEF; ﬁVD].vOCEIV ;?} F;]T"‘gDMgt;C;dsgfv Soi c/jna
--The dry conditions at Pickhandle Gulch favor accumulation of detrital ;' ;1. - (3& DIv & 0 v 0Ce]e }( }]

phases with little in-situ alteration
--Amorphous SiO forms in both the Klamath Mountains and Tablelands AC kn OWI

solls, suggesting highly siliceous Gale crater amorphous material could

form in both warm or cold conditions 47
--These results indicate that the abundant quantities of Fe-rich amorphodls %
material within Gale Crater bolster arguments for the presence of wet but, Y|
cold, likely near freezing, conditions during formation, likely followed by ndz
long term cold and dry conditions that facilitated the preservation of the ]“EJ
Fe-rich amorphous material. 'E



