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As a result of this discussion, we postulate that pedogenesis in the lowlands
can be divided into three phases: (1) a Tertiary phase in which warm climate
induced the formation of hematitic twin, (2) Quaternary periglacial periods
inducing temporary hydromorphic environments as occur actually in the hu-
mid temperate climate of the uplands and the formation of goethitic concre-
tions, (3) the post-Wurmian phase in which eolian dusts embedded pedolog-
ical features inherited from previous phases.
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ABSTRACT

Wada, K., Arnalds, O., Kakuto, Y., Wilding, L.P. and Hallmark, C.T., 1992. Clay minecrals of four
soils formed in eolian and lephra materials in Iceland. Geoderma, 52: 351-365.

Clay minerals in a Vitricryand and three Haplocryands derived from eolian and tephra materials
in different parts of Iceland and in glacial 1ill samples representative of underlying strata were studied
by a combination of methods. The soils are primarily used as rangelands and are highly susceptible 1o
wind erosion. Allophanes, imogolite and poorly-crystalline ferrihydrite are abundant (> 700 g/kg of
Lhe clay) throughout the soils, including A horizons. This clay mineralogy would give rise Lo stable,
low-density aggregates that influence the susceptibility of the soils to wind erosion. It also affects
chemical properties such as high phosphate retention of the soils, even of the Cryands with relatively
low clay contents (160275 g/kg). Imogolite was found in some bul not all horizons of all soils. No
particular relationship of imogolite to measured Si/Al molar ratios of the oxalate—oxalic acid soluble
fractions of the clays (0.51 10 1.13) was evident. Layer silicate minerals and laminar opaline silicas
are either not present or occur in small quantities. Plagioclase, augite and /or their weathering residues
were found in the clay and silt separates. Dark-colored glass is predominant in the fine sand through-
out the soils and the tills. One till sample had a clay mineral composition similar to the eolian-andic
soils, while the other contained smectite and possibly a spherical halloysile-smeclite intermediate,
but not allophane and imogolite, as major weathering products. The clay mineral composition of these
soils and tills was compared with those derived from basic tephras in other regions.

INTRODUCTION

The soils that are most susceptible to erosion in Iceland are those formed
in eolian and tephra parent materials. They are primarily used as rangelands
and cover 10,000-15,000 km?. Wind erosion is believed to be a major process
degrading large areas of these soils. The eolian and tephra parent materials
range from a few centimeters to several meters in thickness and commonly
mantle glacial till or basalt. Pedons often include many distinct tephra layers
with compositions ranging from basaltic to rhyolitic. Materials found be-
tween these tephra layers are of multiple origin; thin disrupted or indistinct
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tephra layers, eolian and tephra materials redistributed by wind, and redistri-
buted sediments of mainly glacial and glaciofluvial origin (Arnalds, 1990),
Clay mineral data for soils derived from volcanic ash under cryic tempera-
tur(? regimes are scarce. Halloysite, allophane and gibbsite were found in il-
luvial horizons of soils that contain volcanic glass in eastern Siberia bordering
the (_)khotsk Sea, while soils without volcanic glass had minerals of the mont-
morillonite—chlorite series (Tedrow, 1977). Ping et al. (1988) reported the
predominance of allophanes with Si/Al molar ratios of 0.43 to 1.0 together
with laminar opaline silica and chloritized 2: | minerals in three Cryands de-
rived from Holocene-age, basic tephra on the Aleutian Islands and adjacent
Alaska Peninsula. The amount of allophane was reported to be inversely re-
latefi to the organic matter content in these and other soils derived from vol-
canic ash in other regions of southern Alaska (Ping et al., 1989 ). Murad and
Schwertmann (1988) found that soils developed from recent basalts of Mar-
10n Island in the Sub-Antarctic contain oxalate extractable Fe (8-13%), Al
(8-10%) and Si (2—-4%). By Mssbauer spectroscopy they suggested that the
Fe-bearing phase consists of a ferrihydrite—silica—alumina association.,
. The objective of the study presented here was to characterize clay minerals
in selected horizons of four representative pedons derived from eolian and
tephra materials from different regions of Iceland. Clay mineral analysis of
these Icelandic Andisols provides information that is related to both chemical
and physical behavior of the soils, including aggregation properties and sus-
cept_ibilities to erosion. Icelandic Andisols also provide an opportunity to in-
vestigate pedogenesis in volcanic parent materials under a cold climate and
low biomass production.

MATERIALS AND METHODS

A_\ll the pedons studied are located in rangeland under a cryic temperature
regime (mean annual temperature 2 to 6°C). Pedon TH (medial, Typic Hap-
locryand; classifications by U.S. Soil Taxonomy, Soil Survey Staff, 1990) was
sampled at Thingvallasveit in the Thingvallavatn area in southwest Iceland
(Fig. 1), an area which receives about 1400 mm of mean annual precipitation
(mAP). Pedon MY (medial over ashy, Typic Haplocryand) was from Myr-
da_llu.r near the southern coast (2800 mm map while Pedon BI (ashy, Typic
Vitricryand) was sampled at Biskupstungnaafrettur in south Iceland (1100
mm MaP). Pedon GO was from Godafoss in north Iceland in an area of about
700 mm MAP and is classified as an ashy over medial, Vitric Haplocryand. All
pedons were developed in eolian and tephra parent materials overlying glacial
till ( <.10,000 years old). Pedon TH has very few, thin (<1 mm) tephra lay-
ers while the other pedons have thick (up to 10 cm) distinct tephra layers.
Glacial till samples from soils recently exposed due to massive erosion were
also obtained in the immediate vicinity of the BI and GO sites.
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Fig. 1. Location of pedons sampled and studied in Iceland.

TABLE |

Partial descriptions and analyses of selected soil horizons (Arnalds, 19950)

Site* Horizon Depth Color Field  Organic Base® pH¢ pd
(cm) (moist) texture C (g/ saturalion — " relention
ke) (%) H,0 KC NaF (%)
TH A2 12- 28 5 YR3/3 SiL 76 29 6.1 5.7 10.7 99
Bw2 61- 68 10 YR4/3 SiL 42 20 60 57 1.1 99
MY A3 16- 36 5 YR3/3 L 26 28 59 53 10.2 98
Cl 124-171 5§ YR3/4 SiL 20 43 6.4 5.7 9.8 98
BI Al 23- 43 5 YR3/4 SL 22 43 6.2 5.5 10.3 96
Cc3 195-205 5 YR2/1 LFS 12 39 63 53 9.6 22
BItuill 2Bw3 28- 40 5 YR3/2 SL 1l 38 7.2 - 10.0 92
GO Bw2 29- 41 5 YR3/2 SiL 71 83 6.7 5.9 9.9 99
2Bw9 91-101 S5 YR3/4 L 13 59 6.6 58 10.1 94
GOotlt C2 30- 55 2.5Y 3/2 SL i 99 6.8 5.4 9.9 44

*TH="Thingvallasveit, MY =Myrdalur, BI =Biskupstungnaafrettur, GO = Godaloss. ) .
bBages extractable in IM NH,CH,COO (pH 7) and cation exchange capacity determined using | M Na-

CH,COO (pH 8.2). )
pH valuesin 1:2.5 soil-water, |:2.5 soil - IM KCl, and 1:50 soil — 1M NaF, respectively.

dFrom Blakemore et al. (1987).

On the basis of chemical analyses of the soils (Arnalds, 1990), two hori-
zons were selected as representatives of the upper and lower parts of each
pedon. The samples from selected horizons and two glacial till samples were
analyzed for clay minerals. Partial descriptions and analyses of these samples
are given in Table 1.

The clay (<2 um) and other particle-size fractions were separate_d from
H,O-treated (10 g soil/50 ml 7% H,0,) samples by repeated dispersion (10
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& s0il/300 ml water) using |5 min sonic vibration (38 kHz; 200 W) and g
sedimentation. The pH of the soil suspension was adjusted to pH 10 by add- &
ing 0.1M NaOH before sedimentation. The collected clay was suspended in a <
dilute NaCl solution of known volume. The clay content of the soil was mea- 3 |5 2338
sured by determining the amount of clay in this suspension. The contents of # ||®°S soss
silt (2-20 gm) and sand (> 20 um) were determined by weighing the col- =
lected silt and sand. sl €
Minerals fractionated as clays were characterized by dissolution analysis S| 2 |59 kRzec
with 0.2M ammonium oxalate-oxalic acid (pH 3.0) (OX) and with dithion- = wofee eds -
ite-citrate (DC), infrared (IR) spectroscopy, X-ray diffraction (XRD)
analyses and electron microscopy (EM) (Wada et al., 1986). The treatment
with OX was conducted in the dark at 25°C for4 h using a clay/solution ratio 2 Elowdownon
of 20 mg/30 ml and that with DC was conducted twice at 80°C for 15 min 23 GSRARIAR
using a clay/solution ratio of 30 mg/4.5 ml (4 ml of 0.3M sodium citrate, 0.5
ml of IM NaHCO;, and 0.1 g of Na,S,04). Extracted Si, Al and Fe were
determined by atomic absorption spectrophotometry, - =
The XRD analyses (Fe-filtered, Co-generated radiation; 30 kV, 10 mA) R R
were made on the clay ( <0.2 or 2um) subjected to the OX or DC treatment == =
and oriented on a glass slide; untreated, air-dried clay (<2 um), silt (2-20
u#m) and fine-sand (20-200 p#m) packed into a depression in an aluminum
holder or glass slide holder prior to XRD analysis. IR spectra were obtained = Slgagoxeg
of the untreated and treated clays (2 mg untreated clay or equivalent weight g S
of treated clay/600 mg KBr). IR spectra were also obtained for materials dis- " b
solved by OX or DC treatment via difference IR spectroscopy, whereby the § .8
untreated and treated clays were placed in the sample and reference positions 5|8 Eﬂ S loe Snw e
of an IR spectrophotometer, respectively, For EM, suspensions of untreated g 5 1 A=
and DC-treated clays were spotted onto a carbon-coated collodion film or ‘E
microplastic grid and air-dried. An electron microscope (JEM 100B; JEOL, o
Tokyo) was used at 80 or 100 kV., 2 E
-_mo" 9 Ol wy
RESULTS 5 g% |28 238E
=]
[~]
« Py
Particle-size distribution F E 2 — o — o
9| E|Ed|2% E8ER
Clay content was highest in the TH samples (461 and 366 g/kg) while it g E
was considerably lower in the other samples (130-275 g/kg) (Table 2). This E 55
may reflect greater transportation distances of tephra and eolian materials at g g& Y zg zogs
the TH site and differences in pedogenic weathering. Higher clay contents 4;3‘ Sajgygs =522
were found in horizons that also had higher organic carbon throughout the A, 2
B and C horizons. Higher organic carbon and clay contents may be attributed K]
to a more stable pedologic environment marked by a gradual admixture of R 9T TG e
eolian and tephra materials into an organic-rich substrate. Cool climates also I ; OIS 48
favor preservation of organic matter against decomposition. &g Fe 2Zaad
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"Sum of Si, Al and Fe as oxides.
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Dissolution and mineralogical analyses of s0il clays

The contents of Si, Al and Fe extracted from the clay by OX (Si,, Al, and
Fe,) were high (Table 2), suggesting the predominance of allophane, imogo-
lite, noncrystalline and poorly crystalline Fe oxides. The sum as oxides which
ranged from 535 to 705 g/kg clay in non-till samples was comparable to or
higher than that (350 to 590 g/kg clay) reported for three Andepts derived
from basalt-andesitic to andesitic tephra on Maui, Hawaii (Wada et al.,
1986). The content of the OX-soluble minerals was estimated assuming a
H,O(+)/(Si0,+AL,0,+ Fe,0;) weight ratio of 0.25, an intermediate value
of the ratios for allophane and imogolite (0.23 to 0.33) and ferrihydrite
(0.20). The OX-soluble minerals ranged from 670 to 880 g/kg clay and were
higher in the B or C than in the A horizons (TH, MY and BI pedons). They
were also higher in the deeper 2Bw9 horizon than in the Bw2 at the GO site.
This suggests more weathering in the older subsurface horizons.

In support of the dissolution analysis, 1R spectra, particularly the absorp-
tion bands in the region (800-1200 and 400-800 cm '), show dissolution of
allophane and possibly some imogolite (Fig. 2; Table 3). Usually allophane
shows a strong and broad absorption band in the region (1200-800 cm™"')
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Fig. 2. Infrared spectra of the OX-soluble (thick line), OX-insoluble (thin line) and the DC-
soluble (dotted line) fractions of TH-Bw2 and BI-C3 clays.
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TABLE 3

Silicate minerals identified by IR spectroscopy, XRD analysis and EM in clays and silts"

Silt

Clay

Sample

EM

XRD

IR

XRD

OX-insoluble

OX-soluble/

OX-insoluble

Fd(+++), Aug(+++)

Fd(+), Aug(+)
Fd(+), Aug(+)
Fd(+), Aug(+)
Fd(+), Aug(+)
Fd(+), Aug(+)

Fd(++), Aug(++)
Fd(+), Aug(+)

Fd(++), Aug(++)

7

S =
EEEEE
i<

Fd(+++),1.4nm
Fd(+), Aug(+)
Fd(++), 1.4 0m
Fd(++), Avg(+)

Fd(++), 1.4 om
Fd(+)

Fd(+++)°
Fd(+), 1.4 nm
Fd(+)

A, Im(?)/Fd(7.5:2.5)
A/Fdw(?7)(9.5:0.5)
A, Im(?)/Fdw(8:2)
A, Im(?)/Fdw(7.5:2.5)
A, Im/Fdw(8.5:1.5)

A, Im/Fdw(8.5:1.5)
A, Im/Fdw(8.5:1.5

A, Im/Fd(8:2)°
A/Fdw(8:2)

TH-Bw2
MY-Al
MY-C1
BI-A3
BI-C3
Bl-till
GO-Bw2
GO-2Bw9
GO-till

TH-A2

Fd(+++), Aug(+++)

Sm, Ht(?)

Fd(+++), Aug{+)

LS(?7)/Fd, LS(7)(4:6)

augite: 1.4 nm=the un-

weathered feldspar; Ht=halloysite; Im =imogolite; LS=layer silicate; Aug

feldspar (plagioclase); Fdw

identified 1.4 nm mineral.

allophane; Fd

A=

"The quantity ratio of the OX-solublc fraction: the OX insoluble fraction; the ratios are estimated based on the absorbance ratio of the strongest S8i-Q

absorption band in the region from 1100 to 900 cm ™' on their IR spectra.

high to + =low) estimated based on the 0.347 and 0.299 nm XRD peak height of feldspar and augite, respectively.

“The content {+ + +

357



358 K.WADAETAL.
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Fig 3. X-ray diffraction patterns of the untreated and DC-treated GO-2 Bw9 clays and their
differences. A scaling factor of 0.8 was used to obtain the difference in minimizing the 0.33 nm
XRD band from allophane.

whose absorption maximum decreases from a frequency of 1020 to 975 cm™!
with decreasing molar Si/Al ratio from about 1.0 to 0.5 (e.g., Wada, 1989).
Thus, the observed frequency decrease has been attributed to the increase of
SiO(Al) bond formation. However, the OX-soluble fraction in the Icelandic
Andisols did not show this feature; the absorption maximum was found at
980 to 960 cm~! for all the OX-soluble fractions whose Si/Al molar ratio
ranged from 1.13 t0 0.51 (Table 2). The high Fe, content suggests formation
of SiO (Fe) bonds, which may bring about a similar effect on the SiO absorp-
tion frequency. The Si,/(Al,+Fe,) molar ratios calculated for the samples
are 0:31 to 0.60 and suggest the possibility of SiO (Fe) bond formation.

The values of DC-soluble Fe (Fey) and Fe, were high (Table 2) and com-
parable to those of soils derived from basic tephras in Hawaii (Wada et al.,
1986, 1990). The high Fe, contents and the large Fe,/Fe, ratios (0.80-0.86)
suggest the abundance of noncrystalline to poorly crystalline Fe oxides. Dif-
ferential XRD patterns, kindly obtained by Drs. C.W. Childs and N. Yosh-
inaga of Ehime University of untreated and DC-treated samples, indicated
ferrihydrite with 0.25, 0.22, 0.17 and 0.15 nm reflections in the TH Bw2 and
GO 2Bw9 samples (Fig. 3). The DC-treated sample was used instead of the
OX-treated sample because of dissolution of allophane and imogolite by the
OX treatment. The DC treatment also resulted in dissolution of Si and Al,
but IR spectra showed some difference between the OX-soluble and DC-sol-
uble fractions depending on the samples (Fig. 2). The DC-soluble fraction
showed stronger relative absorption in the 500 to 400 cm~! region, which
may indicate the concentration of ferrihydrite (Schwertmann and Thalmann,
1976; Henmi et al., 1980; Childs et al., 1986),

[
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Fig. 4. Electron micrographs of the untre
BI-C3 (C) and untreated TH-Bw2 (D) clays. Scale=

ated MY-CI (A), DC-treated MY-Cl (B), unireated
0.5um (A andC) and 0.l pm (Band D).

—



- pvus

ical fameo___ - ‘ rruiunan pnase 1in which enlian Avaes 7

360 K. WADA ETAL.

Layer silicates in the clay fraction were absent or their content was very low
based on IR spectroscopy of OX-insoluble fractions of all the samples (Fig.
2; Table 3). The layer silicate identified by the XRD analysis gave only a
weak and poorly defined 1.4 nm reflection when saturated either with Mg>*
or with K* and air-dried, suggesting that it is chloritized 2:1 layer silicate.
The XRD analysis and IR spectroscopy showed that feldspar and its weath-
ering residue were predominant in the OX-insoluble fractions.

Imogolite threads (Fig. 4A) and fine tubular units (Fig. 4B) were most
abundant in the MY-C1 sample, followed by GO-Bw2, TH-A2 and TH-Bw2
samples. They were not found or were very few in abundance in the other
samples (Fig. 4C). There was no evident relationship of imogolite to mea-
sured Si/Al molar ratios of the OX-soluble fractions of the clays (Tables 2
and 3). Hollow spherical particles were abundant in all samples (Fig. 4D)
which were identified as allophane, The morphology of the Fe oxide particles
was not evident. Laminar, opaline silica particles, which are circular and
eliptical shaped and very thin, were found to be abundant in Al horizons of
Dystrandepts in Japan (Shoji and Masui, 1971). They were absent or few in
number in these soils.

Dissolution and mineralogical analyses of till clays

As shown by the dissolution and other analyses (Tables 2 and 3), the Bl till
sample had a clay mineral composition similar to those of the B soil (BI-A3
and -C3) samples. This indicates accumulation of eolian and tephra mate-
rials admixed at the surface of the till, which is supported by morphological
evidence (Arnalds, 1990). In contrast, the clay separated from the GO till
sample (GO-C2) was lower in Si,, Al,, and Fe, than those separated from the
soil samples in immediate vicinity and at other sites. The XRD analyses and
IR spectroscopy showed that it contained feldspar and some layer silicates
(Table 3). Further XRD analysis showed that smectite was predominant in
the GO-till fine clay (Fig. 5). Thinly spread films (arrow 1, Fig. 6A) and
short curved or twisted threads (arrow 2 ) with lattice images having spacings
of 1.2 nm (Fig.6B) were observed by EM and they were identified as smec-
tite. There were also a few concentric spherules with diameters of 30 to 100
nm (arrow 3, Fig. 6A). Their morphology suggested that they are halloysite,
but their lattice images had largely spacings of 1.0 nm rather than 0.7 nm of
dehydrated halloysite (Fig. 6B). The latter is usually found when halloysite
is exposed to high vacuum in the electron microscope.

The 1.0 nm or 1.1 nm reflections of halloysite were barely visible on the
XRD patterns of Mg-saturated, air-dried or glycerol solvated samples in par-
allel orientation, or even of Na-saturated, air-dried samples in random ori-
entation (Fig. 5). The 0.7 nm reflection of dehydrated halloysite was also not
visible for the K-saturated and 300°C-heated samples. These observations
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Fig. 5. X-ray diffraction patterns of the GO-till fine clay.

suggest that the Si tetrahedra in the halloysite, which may comprise the spher-
ules, attach to both the top and bottom ofan A_l octahe-dral sheet and thereby
prevent the interlayer collapse upon dehydrthon. This .model has. been sug-
gested previously for “embryonic halloysite” in Ecuadorian volcanic ash soils
(Wada and Kakuto, 1985).

Mineralogical analyses of silts and fine sands

Feldspar (plagioclase) and augite were identified in the silt of all §0ils and
till (Table 3}, These minerals were also identified in the ﬁnf: sa_nd, in which
dark-colored volcanic glass was predominant. These results indicate that the
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Fig. 6.. Electron micrographs of the untreated GO-till clay (A) and DC-treated and K-saturated
GO-iill fine clay (B). Scale= 0.5 pm (A) and 0.05 pm (B). Structural features indicated by
arrows arc: thinly spread films (1) and short curved or twisted threads (2) of smectite and
concentric spherules (3) of halloysite or possibly halloysite-smectite intermediate.

soils and till_s are similar in the primary mineral assemblage of parent material
and are derived from andesitic/basaltic tephras and rocks.

DISCUSSION

T_he pres.em study shows that imogolite and/or allophane and poorly crys-
talline ferrihydrite are predominant in the clay fraction of Icelandic Andisols.
Althgugh it was not possible to distinguish ferrihydrite from allophane by
EM, its presence was indicated by difference XRD and IR spectroscopic anal-
yses (Figs.2 and 3). Thus, the low frequency of the SiO absorption maximum
at 980 to 960 cm~" of the OX-soluble fraction (see before) may beacco unted
for by incorporation of Si into ferrihydrite forming SiO(Fe) bonds, as re-
ported by Henmi et al. (1980), Carlson and Schwertmann (1981), and Childs
et al. (1986), rather than the incorporation of Fe into allophanes. A Miss-
bauer spef:troscopic study on Fe in Japanese allophane clays by MacKenzie
and Cardile (1988) showed that the Fe occurs in poorly crystalline ferrihy-
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drite, \{vhich is strqngh,_v bound to allophane particles, rather than substituting
for Al in the aluminosilicate unit.

Arnalds et al. (!‘)90) concluded from their study that the coarse texture
and_ low bulk density of tephra and soil aggregates are principal factors influ-
encing wind erosion susceptibility of Icelandic Andisols. The clay mineralogy
of these soils elucidated in the present study would contribute to formation
of the low bulk density, coarser-size aggregales, as found for many Andisols
(e.g. see Wada, 1985, 1989), that are easily susceptible o saltation move-
ment under wind velocities commonly experienced in Iceland. It also is re-
sponsible for observed chemical properties such as high phosphate retention
and high pH NaF values (Table 1).

The study by Ping et al. (1988) and the present study show that the pre-
dominant process in weathering of basic tephra and eolian materials under
cool moist climates of Alaska and Iceland is the formation of allophane with
Si/Al molar ratios of about 0.5 to 1.0 or higher. The Si/Al ratio of allophane
tends to be higher in soils with higher base saturations. Unlike the soils on the
Aleutian Islands and the Alaska Peninsula, there is no apparent inhibition of
allophane formation in the surface horizons of the Icelandic Andisols. How-
ever, some of the allophanes ar¢ possibly deposited on the surfaces as eolian
materials. Because the two groups of soils are comparable in their organic
matter contents and soil moisture and {emperature regimes, this disparity may
result from differences in pH in addition 10 the eolian activity of fceland.

The pH values were lower in the Aleutian and Alaskan soils (5.2-6.1 in
H,0 and 4.4-5.1 in IM KC1) compared to the Icelandic Andisols (5.9-7.2in
H,O and 5.3-5.9 in IM KCl) (Table 1). The two groups of soils are also
different in the amount of imogolite, opaline silica and chloritized 2: | layer
silicates, which may reflect differences in vegetation, parent material and other
elements of the weathering environment. _

As reviewed by Wada (1990), weathering of basic {ephras in the tropics
results in formation of different clay mineral suites as governed by cii.malic
conditions, particularly the moisture regime. Under perhumid conditions,
basic tephras weather mainly to ferrihydrite and noncrystalline hydrous alu-
mina that probably changes to gibbsite. Under humid conditions, they wegthcr
to allophane, imogolite and noncrystalline 10 poorly crystallmc_lmn oxides.
Incorporation of eolian dusts that contain fine-grained qt_lanz,_mlca and mpc_r
minerals which originate from continental desert areas 1S believed to inhibit
the formation of allophane and imogolite. Under subhugmd conditions, basic
tephras weather either to allophane and imogolite or O m}crstrauﬁed halloy-
site/smectite and smectite with iron oxides_. These studies and the prc'scnl
study show that if the moisture regime is‘ udic, pas&c teiphras: m;athcr to imo-
golite and Jor allophane and iron oxides including ferrihydrite 10 isothermic,
isomesic, and cryic temperature regimes. The soil pH (H;O_) of 5.910 6.7 and
the organic carbon content of 13 t0 76 g/kg in the [celandic Andisols (Table
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1) are within the Tanges of those values that do not inhibit the formation of
allophane, as found in Alaska (Ping et al., 1988, 1989) and in other climatic
regions (Wada, 1980; Shoji etal., 1982; Parfitt and Kimble, 1989).

Allophane was not found in the glacial till sample at the GO site. Thissam-
ple was collected below the zone of admixture of eolian-andic materials and
has not been subjected 10 appreciable pedogenic weathering compared 10 the

eolian-tephra coils. Smectite and spherical particles with diameters ranging

from 3010 100 nm, possibly ha\loysneﬂsmﬂcﬂw intermediate, Were found as
major weathering products in the till. T ill components aré comprised of fine
pasalt fragments and showed 99% base gaturation (Table 1)- Clay mineral
composition for the (il is very similar 10 {hat found in2 non-andic, base-rich

soil formed from olivine-basaltic tephra 1 Hawaii under ustic moisture and
isohypcrlhcrm‘w temperature regimes (Wada et al,, 1990).
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