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Abstract—Specific surface areas were measured for several refererice ir nerals(anorthoclase, labradorite
o and augite), welded tuff and stream sediments from Snowshoe Mountain, near Creede, Colorado.

p‘ ) Crushed and sieved tuff had an unexpectedly small variation iri specific suirface area over a range of size -

smallest tuff particle size fractions

fractions. Replicate surface area measurements of the largest an
examined (1-0.3 mm and <0212 mm) were 2:3 % 0:2-m*/g-foi-€ach size-fraction:-Reference minerals-—
C prepared in the sare way as the tuff had smaller specific surface areas than that of the tuff of the same size
¥ fraction. Higher than expected tuff specific surface areas appear to be dug to'perous matrix. Tuff, reacted
in solutions with pH values from 2 to 6, had little change in specific.surface area in comparison with
unreacted tuff, Tuff, reacted with solutions having high acid concentrations (0.1 M hydrochloric acid or
sulfuric-hydrofluoric acid), exhibited a marked increase in specific surface area compared to unreacted -

tuff. - it

.

INTRODUCTION

Rock AND mineral surface areas influence water
quality by constraining reaction rates (LERMAN, 1979;
Drever and SwoBopa-COLBERG, 1989; HELGESON et
al., 1984; Davis and KenT, 1990; WHITE and PETER-
SON, 1990; CAsEy et al., 1989, 1991; Casey and
BUNKER, 1990; ANBEEK, 1992). While surface reac-
tivity differs among rock and mineral types, labora-
tory studies demonstrate the importance of reactive
surface area in mineral-water reactions.. Rates of
CaCO; crystal growth, for example, are proportional
to calcite surface area (REDDY and GAILLARD, 1981;
REDDY et al., 1981). Carbonate mineral crystalliz-
ation and dissolution experiments use precipitated,,
high-purity seed crystals of uniform morphology and
particle size (RepDY, 1983). Silicate dissolution ex-
periments, on the other hand, employ crushed miner-
als, containing fractures, increased dislocation den-

_sities and surface damage. These mineral surface

features may modify dissolution rates and confound
interpretation of kinetic experiments (EGGLESTON et
al., 1989). Silicate mineral dissolution rate constants
vary with mineral grain size; dissolution rates for
fresh mineral surfaces are approximately two orders
of magnitude higher than for naturally weathered
surfaces (ANBEEK, 1992). In spite of intensive investi-
gation, surface area influences on silicate mineral
dissolution rates, and surface area modifications dur-
ing dissolution are unclear (HELGESON et al., 1984;
WHITE and PETERSON, 1990; Davis and KenT, 1990;
Casey and BUNKER, 1990).

Rock and mineral surface characteristics are im-
portant in the interpretation of laboratory dissolution
and field weathering experiments. Formation of a
depleted or leached layer at the silicate mineral

reaction Sﬁrfécé has-been proposed by a number of
investigators (FLELGESON et al., 1984; HELLMANN et

al., 1989; CaSgy 'etj'al., 1989, 1991; Casey and .

BUNKER, 1990; SIOBERG, 1989; ALTHAUS and TIRTA-

DINATA, 198_9)‘-..‘ "'A" characteristic “parabolic”’ .
dissolution-rate law. is consistent with a diffusion- -

rate-limiting step through such a leach layer (Hor-
PREN and ADAMS, 1982). This dissolution mechanism
is not universally .accepted for reactions at neutral

pH, conditions which represent most natural weath-.

ering. Alternative dissolution mechanisms suggest

that diffusion-limited kinetics result from the pres-
ence of secondary minerals formed on reacting sur-

faces during dissolution (Davis and KENT, 1990;

WHITE and. PETERSON, 1990). In contrast to kinetic
theories, assuming-a- diffusion process as. the rate-
limiting step; several investigators propose that sili- .

cate dissolution parabolic kinetics results from. the

presence of fine dust on mineral surfaces, and they
propose -tréatment With hydrofluoric -acid solution
mineral dissolution experiments to .
irtifacts (HOLDREN. and. BERNER, ~ -

before. silicate
eliminate’ “dust”.
1979; S¢HotT et al., 1981). v

It is-not clear which experimental procedures, such
as mineral surfaces pretreatment, are appropriate to
determine - laboratory dissolution rate constants:

Feldspar surfaces, for example, were altered during:

etching by HF (PERRY et al., 1983). Acids preferen-
tially leach reactive elements (such as Na*) and
compounds (such as CaCOs) from mineral and rock
surfaces, increase surface porosity, and cause grain
disaggregation. Etchant-induced surface features

may change rock .or mineral surface areas, dissol--

ution . rates- and - reacting solution composition.
ANBEEK (1992) has recently noted that the variety of
mineral’.sar\np_le pretreatments confounds use of sur-
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face area estimates in kinetic dissolution models. '
This report describes the influence of rock pre-
treatment and dissolution conditions on specific sur-

face areas of a welded ash-flow tuff from the San Juan

Mountains, in Colorado, specifically, Snowshoe
Mountain quartz latite (RATTE and ‘STEVEN, 1964).
This task is part of a study of chemical [ weathering and

reactive rock surface areas'in watersheds on Show-

shoe Mountain, Colorado(CLAASSEX ef al., 1983,
1986). An important apphcatmn of the results of this.

- study ‘pertains to-the use of welded 'tuff geological

formations " as repos1tor1es for long term nuclear
waste storage. ‘

We examined the- dlStl’lbUthI’l of rnmerals and
matrix in the welded tuff among various partlcle size -
classes of crushed and sieved tuff, (Matnx the petro-

- graphlc teriii- denoting the interstitial matenal lylng
- between larger fragments, commonly iised of i 1gneous
rock, is used here instead of the,alternative term -

“groundmass” (ALLABY and ALLABY, 1991). ) Tuff -

. specific surface areas were measured before (fresh-

tuff_surface)_and_after [aboratory dissolution reac-
tions (laboratory weathered tuff). Reference mineral
(fresh surface) and several Snowshoe Mountain
stream sediment (naturally weathered tuff) specific
surface areas were also determined. Surface-area
results presented here arelimited to welded tuff from’
one location near the top of Snowshoe Mountain,
sediment samples from three study watersheds on the
north face of Snowshoe Mountain, and three refer-
ence minerals. Dissolution conditions included a
range of solution acid concentrations and experimen-
tal configurations (REbDY and WERNER, 1987). -

EXPERIMENTAL METHODS
Chemicals

Analytical reagent-grade chemxcals doubly dlstllled
deionized water, and Class A glassware were used through-
out the study unless otherwise noted. Potassium bicarbon-
ate solution (saturated with high purity CO, gas) or dilute
HCI were background electrolytes for dxssolutlon experi-
ments. . .

Tuff and minerals

Tuff samples used for surface area determmatlon were
obtained near the summit of Snowshoe’ Mountain, in the
Seven Parks area (elevation, 3350 m) (Snowshoe Mountain,
37°44'59"N 106°54'03"W, 3660 m, and Seven Parks (sum-,
mit) 37°43'10"N 106°57'30"W, 3503 m) (CLAASSEN et al.,
1986). Colluvial rock samples werc obtained from a 1.8 m

hand-dug trench. A 10 kg rock (1.9 m from the surface,’
called TS-2) was crushed for mincralogical-analyses, dissol- -

ution studies, pore size determinations and specific surface
arca measurcments.

Tuff samplées were crushéd into small pieces by a stecl jaw
crusher and pulverised in a horizontal-shaft vertical-ceramic
plate Braun pulveriser. Crushed rock intended for use in
dissolution and specific surface-area studies was sieved into
a number of size fractions, two of which are reported here:

Tab]e.l Steve ana]ysrs of a Snowshoe Mountain tuff
sample from the McKmney Gulch basin ground to pass

18 mesh

Siz "+~ Weight Cumulatlve welght

I = (%) : (%).
> 0.7 c 0.7 .
1.0 17.1 . T 17.8
0.8 33.7 . 515
0.4 14.0 : S 65,5
0. 10.8 .. 76.3
0 -.7.2 ... 835
0.08 2.7 o862
0. 4.7 T 790.9
0.0: 5.8 96.7
- <0;

33 - 100.0

rushmg procedure and sieving sequence
:reference mmerals exammed Several

dﬁnérssance tuff sample (from McKmney Gulch,

velevatlon 2680'm, on the NE face of Snowshoe Mountain),

was-crushed: and SIeved as described above ‘to.determine

: mmeraloglcal abundance variations among tuff grain size

classes. Partrcle-sne weight-fraction distributions (Table 1)
for this-samplé: show that about half of the mass of the
crushed rock: possessed grain diameters between 1 mm and
0.42 mm.

‘Microscopic analy51s of grain-mount thin sections of the
crushed and sieved McKinney Gulch sample characterized
the mineralogical'composition (as volume percent) of each
size fraction. Tuff grains from McKinney Gulch have vary-
ing ‘matrix.volume percents (from 59% to 42% for seven
different size intervals, Table 2). The McKinney Gulch

sample was enriched in matrix content in the coarse frac-
. .tion, and’ depleted in matrix content in the fine fraction.
Whole:rock mattix contents for a sample from McKinney

Guich (Table 3,47.3% matrix) and from the summit (Table
4,43.1% matrlx) have a matrix content in the range shown
in Table 2" Showshoe Mountain quartz latite has matrix
content from 35%to 70% (RATTE and STEVEN, 1964).
Phenocrysts. in - the Seven Parks Summit - whole-rock

' samiple Werée mostly plagioclase (size, 0.2-1.8 mm) (Anas),
- biotite (size, 0. 4-1.4 mm), sanidine (size, 0.2-0.4 mm) and
7 augiter. (51ze 0

9 mm). This tuff composition can be
comipared "with:that of a naturally weathered and washed
tuff; denved ‘'sediment sample (which passed through a 1.4
ieve from thc Deep Creek Basin on the north face of

g
were mamly pfagnoclase (Anzy) wrth an cstimated abun-
dange in the- crystal fraction of 75% (size, 0.06-1.25 mm).

" Augite "and"quartz were the next most abundant crystal

fragments. .Rock fragments in the Deep Creek sediment
samplc had- app;oxnmatcly 70% matrix and 30% pheno-
crysts: The: major ‘crystal phase in the rock fragments is

'pldgloclasc (75%) (size, 0.05-0.9 mm). These sediment
" mincralegical analyses, which differ from the Seven Parks

Summit: analyscs suggest that the tuff has a mineral compo-
sition that varics with sample collection location and extent
of wcather_mg ‘The main point, however, is that matrix is a

T
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Table 2. Tuff mineralogy for ‘@ sample from McKinney Gulch at the . base. of Snowshoe Mountain: determined by
Lo «microscopic»thinsec_tion:examinationvofsevcn,particle-size fractions

Particle-size fractiof, volume % -

Phase = - v ¢ s el ol Size interval (mm) L.
S >1.00 ' 1.00-0.840 - © ~ 0,840-0.420 0.420-0.250 " -0.250-0,149  .0.149-0.088 ~ 0.088-0.074".
" Matrix- 557 ‘ 59.4 4.9 .
_ Plagioclase - 25,1 24.4 39.6.
- Augite 1.5. 1.1 3.2
Biotite 7.1 7.2 4.5
Sanidine 1.1 - 2.6 . S 3.2 -
' Quartz ~3.0 371 1.9
.Opaque 2.6 1.6 1.4 -
"~ Amphibole 1.1 0.6 - .
. Calcite - 2.8 — 1.3 .
. Zeolite —" — — —

— phase not found in that mesh size interval’

Table 3. Tuff mineralogy for:a.whole rock vs:ample from

McKinney Gulch at the base of Snowshoe Mountain deter--

mined by microscopic thin section examination

Table 4. Tuff mmeralogy for a whole rock 's‘afhple from .-
- Seven Parks sumimit-area Snowshoe Mountgini Colorado. .-

determined by microscopic thin section examination,

Constinightf.—’;('"/r)-—‘-%G)ccurrence/tekture/élte—faﬁ'_'\n

S Volume oo I .
. Constituent (%) _ Oc_cur:ence/texfpr@‘/ﬁltﬁa:t’iv
Quartz 32 Subhedral phenocrysts; 0.1-0.3

mm; partially embayed by
matrix (résorbed). ~- -
Subhedral phendcrysts; 0.4-2.1

mm; larger phenocrysts are
zoned-and soméwhat
fragmented; some are partially
replaced by calcite; composition
An33. B t -

" Subhedral phenocrysts; 0.2-0.5 -
mm; some phenocrysts are

- partially resorbed.

3.8  Subhedral phenocrysts; 0.2-0.7
mm; most are partially replaced
by calcite along grain edges.

Subhedral phenocrysts; 0.3-0.9"
mm; most are relatively fresh;
some altered along edges.

-Subhedral magnetite phenocrysts;
0.2-0.4mm, - . o

Subhedral phenocrysts; 0.2-0.5
mm; most grains-are relatively
fresh; some altered to opaques
along edges.

Microcrystalling; takes partial K-
spar stain, probably composed

~ mostly of saniding and quartz;
some Teplacement by calcite ini’
vicinity of plagioclase or augite
phenocrysts. ..’ *

Plagiociase 36.4 .

Sanidine 21
Augite
Biotite 45
; OPaqu§ 1.8

" Hotnblende - 0.9 -

.Mat}'ix -47.3

~ major component of Snowshoe Mountain welded tuff and
the major tuff minerals (plagioclase, quartz, biotite, sani-
- dine and augite) arc found in all the rock and sediment
samples. IR '
“Reference mincral” samples (Wa’rd-‘S_ciencc Establish-
ment,! Rochester, N.Y.) were used .to identify sample
preparation influences on surface areas of minerals similar
to those of tuff phenocrysts (Table 4). Reference mineral

- "The use of trade or firm narries is for identification

. ‘purposes only and does not constitute endorsement by the .

U.S. Geological Survey.

Sanidin‘e‘ IR VS

[ t .
" Anhedral phenocrysts;.0.2-0.3

- mm; embayed by matrix
(resorbed). . |

Subhedral to anhedral
phenocrysts; 0.2-1.8 mm;
composition Angs.

Anhedral phenocrysts; 0.2-0.4
mm; partially resorbed by

~ matrix. )

Subhedral to anhedral
phenocrysts; 0.3-0.9 mrn;
slightly leached along grain
boundaries; some partially
altered. )

Subhedral phenocrysts; 0.4-1.4
mm; most are relatively
unaltered.

Anhedral phenocrysts; 0.1-0.7

. . . mm. .

Hornblende : ~ 0.9 Anhedral phenocrysts; 0.2-0.5

Microcrystalline; takes partial
K-spar stain; some hair-like
structures composed of
hematite-limonite. .

Augite’_i’:‘_ _ 25

Biotite' © - 6.3

Opaque . . 20

Matrix - . 43.-1'

samples weré: anorthoclase (light), Larvik, Norway; labra-
dorite, Nain, Labrador, Canada; and pyroxene (augite),
Harcourt Township, Ontario, Canada. Coarse (1-0.3 mm)

and fine (<0,212 mm) size fractions were used for most.
surface area determinations reported hete. Our hypothesis .
is that the phenocrysts in the tuff would have-surface area - . .
changes ‘during crushing that were similar-to those of the -
reference minerals. Differences between the reference

- mincral and.the tuff surface arcas after crushing, we feel,

could be attributed to the tuff matrix.

Dissolution'experiments

Dissolution cxperimental conditions weré planned to
simulate selected. features of weathering reactions at the
base of the soil column in an alpine environment similar to

|
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the summit of Snowshoe Mountain during a spring recharge

event. In'some experiments, low temperature (5°C)-and .

high CO, partial pressures (about 0.8 atm) were used to

" minimize solution oxygen content (REpby and WERNER,

1987). Experimental conditions minimized mechanical

- damage to reacting rock surfaces. Dissolution experiments
. "/ lasted from less than 1 d to'more than 1 a. Solid/solution -
*'... miass ratios varied between 0.001°and 0.1.°

- The ionic strength and buffermg capacrty of solutions

used in dissolution experiments were' controlled by back-
** ground electrolytes (HCI or KHCO; solution saturated with -

CO,).: Potassium bicarbonate §olutions were prepared by

- . dissolving. reagent-grade-KHEO;-in~distilled--deionized
-water. Before the start of each experiment, solution was

- transferred to the thermostatted reaction vessel. Solution

" pH, alkalinity and chemical composition of the starting

.. -solution, determined at the start of each experiment, agreed -

- with.values anticipated from.the comporient solution'com- .
‘pasitions. Fisher Certified Concentrated HC was diluted
. with distilled deionized water ‘or with McKlnney Guich -~

spring. water for background -electrolyte in experiments
employmg dilute HCI (REDDY and WERNER, 1987).
“Tron concentrations in solution increased during tuff

' dlssolutlon Experrmental conditions minimized the forma-

tion of hydrous iron oxides during tuff dissolution. For

“éxample, dissolution in KHCO3 solution (pH 5-6) was done

—ina V_'ﬂuall)goxygen-freeenyrronment -(52C,-in-100%-CO,)-

" Surface area measurements

Methods for determination of soeciﬁc surface area have
been-recently summarized by Davis and Kent (1990). In

- this investigation, specific surface areas were measured in

one of two ways: (1) a standard, muitipoint, gravimetric

. BET gas adsorption procedure (ASTM Method No. 3663,

Surface Area of Catalysts, done by Coors Spectro-Chemical
Laboratory, Division of Coors Porcelain Company, Gol-

...den, Colorado); and (2) a method where the surface area is

determined by adsorbing N from a flowing mixture of N and
He (called.here the dynamic BET method, ASTM Method

-No. D 3037 Csurface area by continuous flow chromatogra-
~Phy). '

In the dynamic BET method, desorbed N gas is measured
to determine the solid surface area using a Quantasorb

" instrument (manufactured by the Quantachrome Corp.,

Syosset, New York) (NELSEN and EGGERTSEN, 1958). Rock

.-and mineral'samples were outgassed at 200°C-or 250°C for
- 30-min. Helium was the carrier gas (30% N;-70% He) for
~'the . region. where N adsorption -exhibits a linear BET"

adsorption isothérm. The cross sectional area of one

.| ;adsorbed N, molecule (16.2 X 10™2" m?) was used in the
"..calculation of the surface area; tuff exhibited a linear BET
.isotherm plot up to reduced pressure values (P/Py) of 0.3.

Subsequent to the work described here, surface areas were

.determined from time to time using other instruments.
.. These values agree with the data obtained in this study.

Replicate specific surface area determinations for the

same sample exhibit small deviations from the mean values -
(typically less than 5%, as relative percent deviation). -

Measurements of standard reference materials agreed

".within 10% of the known value. Surface area standards

included an AlO3 (Quantachrome Cat. No. 2007, Lot No.
7008), which had a reported specific surface area of 1.97 m%
g. The standard Al,O3, when measured by the Quanta-

.chrome Corporation (outgas at 300°C for 30 min), was

found to have a single point area (by N, at .3 relative

'pressure) of 1.92 mzlg, with a standard deviation based on
six samples of 0.014 m%/g. We determined a mean specific

surface area of 1.89 (£ 0.064) m%g for 14 determinations
(outgas at 300°C for 30 min) over several weeks. The

gravimetric BET procedure employed an NBS Mil-01 sur-,

facearea. standard (wrth a known value of 10.7 = 0.3 m3/§)

This material gave values of 10.8 + 0.6, 10 9 and 10.7 m*/g:

for. three serles ‘ofianalyses.

commercral aboraiorles during the’ mvestrgatron A Cam-
tron Microscope was used for detailed

'brldge Scannmg
: Autoated tuff surf‘aces. BT S

reased as particle -size:. decreased

(PARKS 1990 WHITE and PETERSON, 1990).. The small . -

size fraction had spec1ﬁc surface areas of 0.31t0 1.26 -

parison, the: spec1ﬁc surface areas of the minerals can
be expressed in units of m%cm? by multlplymg by the
mmeral density. (anorthoclase 2:6 g/em’; augite 3.26
g/cm -and labradonte 2.7 glem®) (Table 5). Surface
area: d1fferences ‘among minerals i the same size
fraction, expressed on a volume or welght basis; arise
because of dxfferences in mineral hardness and cleav-
age.. .

Volume normahzed surface areas can be compared
to calculated surface areas (expressed as area per
volume of material) for cubes with fixed edge dimen-
sions. This calculation shows that geometric surface
areas (1 mm edge;, 0.001 m*cm? specific surface area;
0.1 mm edge, 0.01 m%cm? specific surface area; and
0.001 mm edge, 1 m*cm?>) are one to. two orders of

‘ magmtude smaller than measured volume normal-
._1zed surface aréas’ Accessory minérals; surface’ frac- -

tures;and dust on grain surfaces increase specific
sutface area above that expected’ for a fixed sieve
size.‘The observation- that crushed minerals com-
monly:exhibit higher surface areas thanthat expected

TableS'.Partrcle-srze range and specnﬁc surface areas

(200°C: cutgas_ temperature, (30 min)’ using the dynamic

method) for threecrushed and sieved rock~formmg refer-
l . ence minerals | L

R } Specrﬁc
‘- Particle-size " surface area
e range  —————————
Mineral : - w . (mm) (m¥g) - (m¥em?)’
Labradorite - <0212 ~° 09 =~ 2.6
Andrthoclase - <0.212 0317 - 0.8
Pyroxene, augite™" - <0.212 " 1.26. 4.1
Labradorite - -« - 1-0.3 . 030 . 08
Anorthoclase . - - 1-0.3 006 0.2
006 . 02

Pyroxenc augite -~ . 1-0.3

)\}aried a$ expectedIWith{grain size;

™?/g. "The coarse.size fraction had Specific SUrface

'areas that ranged from 0.06 to 0.30 mz/g For com-

i
|
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‘Table 6. Crushed tuff particle-size range; BET method,
outgas temperature, and specific surface areas

- : : " Specific
“Particle-size . OUtgas Rt

© range . - BET : temperature

“(mm) - - method 7 - _:','("C)

: <’(3.’212 . *. Dynamic’ ’

:1-0.3..  °© Dynamic .
-1+0.3: " .-+ - Dynamic
<0.212 . -, Gravimetric

1-03 Gravimetric.

Speciﬁc surface areas of crushed'and sieved tuff,”
measured by using either the gravimetric. or the’

dynamic gas-adsorption method (Table: 6) were

- Mountain Watérshed stream sedimients. This cormi-
parison: will ‘identify differences between fresh and
naturally-weathered tuff surfaces. Dried and sieved

e_p Creek, 4.4;'."‘an_d Gardiner

(WHITE 1990; TARZL and Prorz,
T_eAGUE 1982), “ormay be due to

are consrstentWrth the observation that weathered
rock fragments have hlgher surface areas than frag-

utgas temperature were: McKin-

greater than values of the correspondmg size frac-
tions of the reference minerals:given in Table 5.

Unlike the referénce minerals, ‘the'sutface area of the -

two tuff particle size fractions was nearly the same.
Specific surface areas of the.coarse- and fine-size

- fractions of the welded tuff are. estlmated tobe23

m?/g (with an estimated uncertarnty of 0.2'm?/g).

Tuff (density 2.5 g/cm®) volumé normalized sur-
face area (5.8 m%cm®) is an order of magnitude
greater than that for the coarse fraction of the refer-

ence minerals and-two orders.of magnitude greater

than the calculated geometric area. The Seven Parks

tuff sample (Table 4) has about 50% matrix. Assum-

ing phenocrysts contribute little to.the surface area
(as measurement of the reference minerals (Table 5)

suggests), we estimate the matrix specific surface

area to be about 4.6 + 0.4 m%/g. .

Outgas ‘temperature (for ‘the: dynamrc method)"

. influenced tuff surface area values Unpubhshed re-
‘sults for samples outgassed -at.room temperature
(25°C) had good precision for replicate measure-
ments (less than 5% relativé deviation).’ However

specific surface areas for these samples were lower -

than 'samples outgassed at hrgher temperatures The
influence of outgas temperature-on surface area

measurements has been reported}for labradorite fol--
lowing aqueous dissolution (Casgy et al.; 1989)-and -

.for microporous silica (GReGG'and SinG, 1982) and
. appears due to water desorption from the mmeral
surface (Fu et al., 1990).

Snowshoe Mountain watershed sediments

" Crushed tuff surface areas (Table 6), which are
~ representative of fresh mineral surfaces, can be com-
pared to naturally disaggregated and-weathered,
-stream-water washed, tuff fragments in Snowshoe

AG 9:2-H

Solutions of pH 2-6 caused little or no change in
tuff speciﬁc surface area during dissolution. Tuff
surface areas had small variation (1.4-2.6 m%/g, for 14
different expenments) for reacting solutions with a
range of fpH wvalues (distilled water, KHCOj5 solutions
saturated ‘with COZ, and 0.01 M (initial concen-

" tration) HCl) solid to solution ratios and reaction

times. Post-reaction surface areas for these reaction
conditions; are close to the estimated range of specific

“ surfaceareas of the; unreacted tuff (Table 6). Labora- -

tory weathermg by washmg rock fragments w1th a

variety.of dilute-acid solutions has little influence on-

tuff surface areas. Th1s result suggests rernoval of fine
m. tuff surfaces has a small effect on

Tuff. reacted in strongly acidic solutions (pH 1or
less) had srgmﬁcantly higher specific surface areas
¢lative to unreacted tuff (Table 6) or tuff

reacted “in’ pH 26 :solutions. Tuff dissolution in’
_shaken polyethylene bottles with 0.1. M HCl (pre- -

pared withdistilled water) had a specific surface area

~of 11:8m%g £ 0.5m%g (N = 4), a fivefold increase in‘
. tuff surface area- during dissolution compared to
'unreacted tuff (Table 6) or tuff reacted with more
dilute acid solutions. Tuff reacted with 0.1 M HCI
prepared; wrth McKinney Gulch spring water also
f-mcreased in specific surface area (8.3 % 0.3 m“/g) as

did fine tuff (Table 7)..
Increases in tuff surface area followmg dissolution

in 0.1 N’ H(_Zl, ¢an_be compared with labradorite
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“Table 7. Tuff surface area following dissolution in (in-
- itially) 0.1 M HCl at 25°C. Solid-solution: ratio, 0.1;
;' particle-size range, 1-0. 3mm (unless otherwise noted); and

reaction time of 1.5 X 10* min,in a. shaken ‘polyethylene

- bottle. Surface area was measured by using the dynamxc :

method and a 200"C outgas temperature for 30 min:

Specrﬁc

area

- 6.1
109 -
12.0
12.0
12.4
12.7

' A01d dlluted with McKmney Gulch prmg water

surface pola

- (m%g)

Mzcroscopy

Fresh tuff was alight pink in hand specimens, w1th
a hghter weathermg rind on the surface of rocks. Thin

- section photomicroscopy (Fig.-1), with both brlght— e
- field' illumination (at left in Fig.'1) and "crossed
irizers (at rlght in Fig. 1), for unreacted tuff (Fig.
1A). illustrates pheriocrysts (plagioclase and: ‘biotite)
.and matrix. Matrix'banding apparent in mrcrographs L

is char teristic of a welded ash.flow tuff: These

~lafinae reflect a’primary flow banding ot beddingin -

the’ tuff Several areas of blue dye impregnation are
vrsrble in the unreacted sample demonstratmg exten-

. sives mterconnected porosity in the grain. . .
: The etched tuff sample (Fig. 1B) eXhlbltS features '
_seen in the unreacted sample, an. augrte phenocryst

(on the left) and -greater amounts of 1mpre0nated

. blue:dye:than thé unreacted sample (thost easrly seen
in thecrossed polarized photomicrograph)’ consistent
withits greater specific surface area. The Deep Creek -
- stream sediment photomicrograph (Fig. 1C)-has fea- -

tures absent in crushed tuff:.(1) single mineral crys-

2 E 004g/g- SR 9.9
4 SRR 8.4
10 8.8
2. 7.5
8.3
9:3
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" reacted 218 hin 10~2 N HCJ at 25°C, which had a final
surface area of 6.2 m?/g (starting area 0.195 m?/g).
- This post-reaction labradorite surface area increase is
- attributed to -spalling of a. leached layer on the
‘mineral surface (CASEY et al:, 1989).
Tuff surface areas also increased following etching
of tuff grains. Etched tuff surface area was 5.3 m%/g.
This surface area is smaller than'that for tuff reacted
with 0.1 M HCJ, reflecting longer reaction times for
samples treated with HCI. Etching solution, recom-
“mended for removal of dust from dissolving rocks
and minerals, has a significant effect on the reacting
surface of the tuff. Enstatite, reacted with H,SO4~
HF etchant, is reported to’ have a higher surface area
0.55- m2/g) than similar size and treated diopside
(0.06 m?/g) and tremolite (0.02 m?/g) (ScotT et al.,
1981).
‘ - Etched tuff reacted in a well stlrred batch reactor
“at 5°C it a 1072 M KHCO;- solution saturated with

CO, gas exhibited a slight decrease in specific surface .

" areato 3.8 m¥g from a startmg value of 5.3 m%/g (M.
Reppy; unpublished data)..In agreement with results
+  of fresh'tuff in solutions of pH 2-6, etch tuff dissol-
. ution in_dilute KHCQs—H2C03 solution has little
" influence on reacting tuff surface area. '

. tals.free of matrix (biotite and plagroclase on the. .
'left) -and (2) porous particle aggregates (on the right

of F1g 1C). Individual crystal fragments indicate tuff
matrix-is removed from phenocrysts-in the stream.
Accumulation _of porous aggregates, perhaps
cemented by hydrous metal oxides, may contribute

to the high specific surface area exhibited by the

stréam sediments.
Tuff grains dissolved in blcarbonate solutron (Frg

1D; wrth blue stained epoxy) also contained porous
aggregates shown by the areas impregnated by blue

dye -(Fig. 1D). Tuff dissolved in the miost ‘acidic
solutions - (Fig. 1E) shows similarities to the _other
mlcrographs however, the grain boundaries appear‘

"to have undergone matrix dissolution. In particular,
it appears that the matrix was dissolved from the
surface of the augite phenocrysts in the center of the .
photomlcrograph Augite -phenocrysts appear to

have: etch features as well.

Tuff surface features not apparent in optrcal mrcro— :
- scopy can be observed with scanning electron micro-

scopy (Fig. 2). Tuff fragments sonicated for 108 min

in distilled" water exhibit both smooth surface fea-'
tures of phenocrysts and a mottled texture of. matnx .
A porous matrix surface and fractures are apparent

on the surface of the unreacted grain (Fig. 2A) and

the etched grain (Fig. 2B). Tuff: reacted in-0.01 M.

HCI (Fig. 2C) has slightly greater surface texture and

. apparent porosrty than the unreacted tuff. Etch pits

FiG. 1. (Opposite). Optlcal mlcrographs of Snowshoe Mountam tuff grams (brlghtﬁeld illumination on, the left, crossed
polarizerson the righit, marker = 400 4m): A.. Unreacted grains embedded in blue epoxy. Blue color in the interior of grains

" shows areas of internal porosity (surface area = 2.3 m%g); B. Grains etched with HpSO,~HF for 6 min (surface area = 5.3
m?/g); C. Stream sediment grains from Deep Creek near the base- of Snowshoe Mountain (surface area.= 4.4 mzlg)
D. Gralns reacted in 0.01 M KHCO; solution at 5°C with 100%" C02 gas for 578,000 min (surface area = 2.2 m%g);

E. Grains dissolved in 0.1 M HCI for 18,300 min (surface area = 11.8 m%/g).
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_Fig: 2. Scanning electron 'micrographs of Snowshoe Mountain tuff grains: A. Grains sonicated with
distilled water for 108:min (suiface-area = 2.7 m%g); B. Grains etched with H,SO,~HF for 6 min (surface
area = 5.3 m%/g); C. Grains dissolved in 0.01 M HCI for 12,910 min (surface area = 2.2 m?/g); D. Grains
... dissolved in 0.1 M'HCI for 18,300 min (surface area = 11.8 m?/g).




‘ and'parfleulates are visible on this grain surface. Tuff
reacted .in 0.1 M HCI (Fig. 2D) showed marked

' .porous goregate partrcles are consrstent with the

corﬁpare to fresh tuff

' three notable aspects Frrst unreacted tuff and tuff-
derrved streamsedrments from Snowshoe Mountam

surface alteratron Etch pits on grain surfaces and a -

rface ared. of the. tuff reacted in 0 1 M HCl ;
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Snowshoe Mountain tuff slabs several mm on an' -

edge were examined to test the hypothesis that tuff

matrix is porous ‘and has a high specific surface area;. «
orosimetry- of these :slabs,-a

Mercury: intrusion'.
measure: of larger pore dlameters gave values of

'Nrtroge adsorptron/desorptlon a measure ofismallt
pores gave values of 1. 3%, porosrty, O 95.‘m2/g,'-~-

:has exten % ntergranular porosrty perhaps associ-

o [ a-small matrix particle size; (2) tuff and
’ .stream sediments contam a:high surface-area. dust;

*; and’ (3) tuff and stream sediments contain’ hydrous

. 'metal - oxrdes or clays These hypotheses will be
" briefly exammed

“tuff matnx appears to be the source of the surface

s propertres observed for Snowshoe Mountain tuff.
... "Porous’ purmce ‘blocks have been reported for Snow-
- . shoe Mountain: quartz latite (RATTE and STEVEN,
" 1967). Snowshoe Mountain tuff porosity ranges from
2 to 10% (RATTE and STEVEN, 1964). Tuff cut for

. srty ThlS por051ty is also apparent in blue €poxy
1mpregnated tuff thin séctions (Fig. 1A).".

The presence of a porous high specrﬁc surfaee area -

~- experiments reported in this paper has rnternal voids: -
diameter from 0.1 to 1 mm) and- macroscoplc poro- - fac
"~ would lower surface area values

- "Tuff surface area summar
TUFF (cubés several mm on edge—

. Tuffcrushed and sieved
(1-0.3 mm and <0.212

e (<i4mm 49 -|. mm,2.3m%g (Fresh
m%/g) (Naturally LAk surface)
. weathered) R

. Tuff dissolution
(Laboratory weathered)

‘' KHCO3-H,COs, or | . 0.1N dissolution,
00INHC - 25°C .
dissolution, 5 or . ~(1-0.3 mm, <0. 212 mm,
.25°C (1-0.3 mm,’ 6to 12 m’/g)
. 1l4to2. 6 mz/g)

its deposmoual hrstory

surface area. Tuff reacted in acid solutrons and tuff
stream sediments are free ‘of attached ﬁne partrcles

_ (Fig. 2) Scannrng electron microscopy and micro--

scopy demonstrate-that both distilled water washmg

and dissolution treatments femove dust from grain:
surfaces. Neither water washrng nor-extensive drssol- LT

ution at pH 5-6 decreased tuff specific surface area. If.

Etchmg wrth‘HZSO4—HF solution’. also'.-

* HF-H,S0, Tuff
pretreatment

Tuff dlssolutxon
(Laboratory weathered) :

KHCOs-H,COy
Dissolution, 5°C

Duston the: surfaces of the tuff coarse s1ze fractlon T
appears t0 contnbute little to-the- measured specrﬁcf-f'.- o

dust on-tuff. gram contrrbuted to the measured sur-: oo

~(1—03mm 53mz/g);..

(=03 mm, 38m/f"_“-‘ S
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dust from mineral surfaces (Fig. 2B). However, this
procedure increases tuff specific' surface area.. A

-surface area increase dueto etchmg isthe opposite of ',
that antlclpated if surface dust caused high specific. .-
" surface area values. Surface area of each'of these tuff- " .
" treatments is the same or greater than fresh tuff, even:
;though surface dust was removed by these treat-.- :
- ments. Tuff surface area increasesfollowing wedther-....
ing or. -dissolution in strong deid solutions may.result .!
" from-both modification of:thié matrrx and formatlon g
.of .secondary ‘minerals (WHITE, 19905 TARZL and L
I’PRorz 1978 BENSON and TEAGUE 1982). B

e CONCLUSIONS

. E_dz_tprzal i_tandlmg: Y. Kharaka,”

Hrgh specific surface areas for Snowshoe Mountaln S
- tuff reflect the ‘presence O porous; ‘matrix:- Tuffjn-:‘
- specific- surface areas change little during’ extended L
aqueous dissolution in solutions of ‘initial pH'2-6."

- Acid"etch ‘treatment and ‘strong acid-(0.1 M HC]) ..

Mmeralogy Volume 23 Mineral-Water Interface Geo- -

chemzstry (eds M. F. HocHELLA, Jr. and A. F. WHITE),
p 397-426. Mineral. Soc. of Amer, , Washington, D.C.
WESTRICHH .R. and HOLDRENG R: (1991)

LW (1989) The surface of: labradonte

ion-in: determmmg hydrologlc-basm water.
ear ¢ase study in the San J uan Mountams

J; Hydrol. 85, 49-71,

EDDY M.-M. and WHITE A, F (1983)
gtiween precipitation .and” ‘vadose-zone.
ijgh-altitude watershed in ‘Colorado. In
of the:Fifth Annual Participants’, Information
fLeveI Waste Management Program,
jer- 1,°1983 (ed. E."G. Ipano & G,

ACO07-761do1570, Idatio: Falls, Idaho.

logy Volu_, fineral-water Interface Geochemzstry
(edsM F.HOCHELLA, JR. and A. F. WHITE) pp 177-260
er., Washmgton D.C..

SwoBoDA-COLBERG N. (1989) Mlneral

ydrolysis. Chei. Geol.78,205-218. - = .
DY M. M. and’ Hawm D.R. (1986) Use.

6—73 "U.S. Department of Energy under

TD. B. (1990) Surface complexation . " - ..
ous geochemlstry Ini Reviéws in Minera- =+

culate material. Treatment with drlute HCl and CO,

‘saturated. KHCO; solutions (pH 2-6) does mot
- appear markedly to alter the tuff surface aréa, even C

r‘1ssolutlon_caused_a_s1gn.1ﬁc:ant_mcrease in' poOst-". ‘DrEyi
- reaction tuff surface area. Results obtained’ here -
- -suggest-that tuff pretreatment prlor to’ dissolution: :
“kinetics experiments should not includé-strong acid
washes or H,SO4~HF etchants to remové fine paiti-.

(_ed D. L. MiLss), pp 211—214 Proc.

Balkem Rotterdam

surface composmon of diopside. Geochzm cos-

after extended periods of reactlon ‘and would thusbe: g,

approprrate for tuff pretreatment pnor to dlSSOluthl’l
expenments
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