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Abstract—Based upon dissolution of feldspars under controlled laboratory conditions, we conclude that Sr
release, at pH 3, is neither consistently stoichiometric nor constant for the feldspars measured. Bytownite,
microcline, and albite all initially release Sr at rates which are 5 (bytownite) to 160 (microcline) times faster
than steady-state release rates. The St/Si ratios in the early effluents are significantly elevated compared to the
bulk mineral values. The ¥’Sr/*Sr measured in effluent early in dissolution is higher than the bulk mineral
87S1/%%Sr for bytownite, but lower than bulk mineral ratios for microcline and albite. *’Sr/**Sr ratios for the
feldspar powders also changed markedly during dissolution of the three phases. In part, nonstoichiometric
release of Sr can be explained by the presence of secondary phases (exsolution lamellae or minute quantities
of accessory phases) or by surface leaching. Although we infer that these feldspars eventually release Sr with
isotopic composition roughly equal to that of the bulk mineral at steady-state, the feldspars dissolve at
extremely different rates (bytownite releases Sr at a steady-state rate ~107 to 10” times faster than albite and
microcline, at pH 3). Therefore, a mixture of these feldspars, or of other minerals exhibiting vast differences
in dissolution rate, will release ®’S1/2°Sr ratios distinctly different from the bulk whole rock. In addition, initial
Sr release rates of the minerals (bytownite > microcline > albite) differ from steady-state release rates
(bytownite > albite > microcline), complicating analysis of weathering solutions. Log (rate constants) for
bytownite, albite, and microcline decrease from —13.5 to —16.4 to —17.2 (mol Sr cm ™% s "), Interpretation
of catchment scale riverine ®’Sr/**Sr ratios on the basis of whole-rock Sr isotopes is, therefore, problematic
at best, and would require normalization of bulk isotopic ratios by relative rates of dissolution of Sr-
contributing phases.

We also argue that abraded feldspar particles formed naturally, for example, during glaciation, will show
this initial transient nonstoichiometric release. However, once the transient release is completed (perhaps 107
to 10? yr after abrasion), as long as the solution chemistry remains relatively constant, stoichiometric release
of cations from feldspars, including Sr, is expected. The most likely way, therefore, to increase riverine fluxes
of major cations or radiogenic ®*’Sr/*®Sr is to create highly flushed (and, therefore, far from equilibrium)
water-rock systems such as glacial sediments and soils, with reactive minerals (e.g., carbonate, plagioclase, or

biotite) containing significant radiogenic strontium. Copyright © 1998 Elsevier Science Ltd

1. INTRODUCTION

Rates of chemical weathering of silicates can be directly mea-
sured in the laboratory, but to estimate these rates through
geologic time, geochemists attempt to interpret proxies, such as
878r/23Sr ratios in marine carbonates (e.g., Raymo et al., 1988;
Hodell et al., 1990; Raymo 1991; Richter et al., 1992; Edmond,
1992). #Sr/%Sr ratios in riverine weathering fluxes reflect
intensity of weathering and source rock isotopic characteristics,
and, along with the other main Sr fluxes (mid-ocean ridge
hydrothermal fluxes and diagenetic fluxes), control the Sr iso-
topic signature of deposited marine carbonates (Palmer and
Edmond, 1989). For example, it has been proposed that the
radiogenic shift in ®’Sr/**Sr in marine carbonates in the Mio-
cene may be due to intensified weathering of source rocks
associated with the Tibet-Himalayan uplift (e.g., Raymo et al.,
1988; Raymo and Ruddiman, 1992; Edmonds, 1992). Uplift of
the Himalaya is assumed to enhance Sr fluxes either through
enhanced weathering intensity (higher Sr fluxes) or through
exposure of very radiogenic source rocks (more radiogenic Sr).

Several workers have argued that glaciation enhances chem-
ical weathering of silicates, and some have correlated this effect
with the increase in marine ¥’Sr/*®Sr ratios in the Miocene
(e.g., Armstrong, 1971; Hodell et al., 1990; Molnar and En-
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gland. 1990; Hallet et al., 1996). Enhanced weathering rates
have been inferred from #’Sr/*®Sr curves in marine carbonates
and from observed major element fluxes for glaciated catch-
ments (e.g., Reynolds and Johnson, 1972; Anderson et al.,
1997). Such glacier-enhanced weathering rates might be related
to (1) enhanced land exposure during glaciation due to lowered
sea level, (2) nonstoichiometric dissolution of minerals due to
glacial abrasion and creation of transiently reactive mineral
surface area, (3) increased total mineral surface area due to
glacial grinding of rock, (4) larger discharge and more flushing
of glacial soils and sediments,

The flux and isotopic signature of Sr have also been used in
soil studies to investigate nutrient cycling (Miller et al., 1993),
weathering rates of individual silicate phases (Blum et al,
1993; Blum and Erel, 1995; Taylor and Blum, 1995; Clow et
al., 1997), and kinetics and equilibrium of Sr exchange in soils
(Bullen et al., 1997).

Strontium isotopes, when utilized to evaluate mineral weath-
ering fluxes and the source of Sr in soils, catchments, and
marine carbonates, have been interpreted, until recently, based
upon two assumptions: (1) Sr release from dissolving minerals
is stoichiometric; (2) ®7Sr/*°Sr ratios in weathering fluxes are
equivalent to ratios in the dissolving rocks. Several authors
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Table 1. Strontium release from weathering feldspars.

87Sr/56Sr 87S1/%Sr % Sample
Total St Total Rb Blank % Sample  Max. after Max. Ca/Si
Time (ppm)  (ppm) %'St/**Sr (300 ppt) after Blank  Blank Blank  Log Release Rate  S1/Si (K/Si for
Mineral  (h) Measured' Measured Measured Corrected® Correction® Corrected® Correction” (mol Srem™2 s7%) (X1075) Na/Si micro.)
Albite —
solid (pre- 23.5 — 0.76125 — — — — — 22+02 033 0.01
dissot'n)*
solid (post- 21.8 — 0.76014 — e e — —
dissol'n)*
effluent 50 0.0039 — 0.7272 0.7273 92 0.7340 63 —-17.1 e 3.6 54
effluent 245 0.0212 — 0.7141 0.7141 99 0.7141 93 — — 0.3 0.3
effluent 728  0.0043 — 0.7131 0.7132 93 0.7146 66 e — 0.1 1.5
effluent 1442  0.0022 — 0.7090 0.7090 86 0.7141 35 — — 0.3 0.3
effluent 2402 0.0019 - 0.7090 0.7091 84 0.7238 24 — — 0.3 0.2
effluent 2593 0.0017 — 0.7092 0.7093 82 0.7601 16 -18.0 152 03 0.2
Bytownite —
solid (pre- 473.8 —_ 0.70348 — — — — — 646 008 038
dissol’n)?
solid (post- 457.7 _ 0.70338 —— — — _— — —
dissol’n)*
effluent 42 01791 — 0.7059  0.7059 99.8 N/A N/A -15.5 — 04 0.3
effluent 303 0.1003 — 0.7056  0.7056 99.7 N/A N/A — — 0.3 0.3
effluent 737 0.0335 — 0.7036  0.7036 99.1 N/A N/A — —_ 0.1 0.5
effluent 1434 0.0753 — 0.7034  0.7034 99.6 N/A N/A — — 0.1 0.5
effluent 4959  0.0394 —_ 0.7034  0.7034 99.2 N/A N/A -16.2 768 0.1 04
Microcline —
solid (pre- 63.1 —_ 0.9959 — — — — — 64 +06 007 0.26
dissol’n)?
solid (post- 61.2 — 1.00504 - - — — — —
dissol'n)y*
effluent 50 0.0285 — 07123  0.7123 99 0.7123 99 —16.6 —_— 2.1 1.7
effluent 100 0.0248 0.00241 0.7119 0.7119 99 0.7119 99 - — 0.9 0.8
effluent 148 0.00158
effluent 196 0.00112
effluent 292 0.000787
effluent 295 0.000818
effluent 343 0.000869
effluent 438  0.0009 0.7486 0.7578 68 0.7526 76 e e nd 0.2
effluent 1442 0.0005 0.7145 0.7354 37 0.7199 53 — — 0.2 0.2
effluent 2114 0.0004 0.7817 1.5834 23 0.9084 43 —_ — 0.2 2
effluent 2163 0.000650
effluent 2690  0.004 0.7916 2.8412 17 1.005 39 —18.8 75+0.8 0.1 0.2
Blank 1° 0.000015
Blank 2° 0.000075
Blank 37 0.000600
Blank 4* 0.000650 0.7077
Blank 5° 0.000240
Blank 6'¢ 0.000400
Blank 7' 0.000330 0.7089

'Sr concentration uncorrected for the solution effluent blank value. *Isotopic ratio corrected for blank value (300 ppt Sr, 87/86 = 0.7075, see text),
or the maximum blank value (1435 ppt Sr for albite or 221.6 ppt Sr for microcline, see text). Percent sample indicates the % feldspar Sr in the measured
solutions based upon the indicated blank assumption. *Measured on powder before experiment. *Measured on powder after experiment. “Distilled,
deionized water. Oxalic acid + chloroform (solution used for microcline experiment). Oxalic acid + chloroform flushed through the cell quickly’,
or at 3 mL/h®. ®Oxalic acid + chloroform +HCI (solution used for bytownite experiment). Oxalic acid + chloroform +HCI flushed through cell
quickly'®, or at 3 mL/h'!. All blank solutions that were pumped through cell reactors were pumped through over a period of hours through a couple
of cells that are no longer in use in our laboratory for fledspar experiments. Thus, previous to the blank measurements and previous to our standard

cleaning procedure, other minerals had been dissolved in the reactors.

have suggested that the Sr flux due to weathering of a rock is
not necessarily stoichiometric, but rather can be dominated by
the rapid breakdown of highly reactive Sr-rich minerals (e.g..
Clow et al., 1997). Unfortunately, a paucity of data has lead to
significant speculation regarding the release rates (RR) of ma-
jor Sr-bearing minerals. In this paper, we summarize the first
direct measurements of Sr release rates from dissolving
feldspars under controlled laboratory conditions.

2. ANALYTICAL TECHNIQUES

Bytownite (Ab24An76010), albite (AbY7An20r1), and mi-
crocline (Ab22An00r78) were ground, carefully hand-picked,
sieved, and dissolved in continuously stirred, flow-through,
polycarbonate/Teflon® reaction vessels in C,H,0, - H,O -
chioroform * HC1 at pH 3-4 (oxalic acid and chloroform were
added to simulate soil solutions and to inhibit microbial growth,
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respectively). Fluids were pumped through Tygon tubing (new
and acid cleaned for each experiment) at rates of ~1 mL/h, and
continuously collected at the reactor outlet. Before each exper-
iment, cells were soaked overnight in 10% HNO, and rinsed
with deionized water (DW). Cells had been in continuous use
for more than 1.5 yr prior to these experiments, and each cell
was dedicated to dissolution of the same phase over this time
period. New o-rings were used for the reactors for each exper-
iment. Dissolution was carried out until [Si], [Al], [Na], (K],
and/or [Ca] in the effluents (where brackets represent concen-
tration as measured using inductively coupled plasma atomic
emission or atomic absorption spectroscopy), were constant
with time (steady-state, Stillings et al., 1996). The effiuent was
acidified and stored in acid-washed bottles until analyzed for
Sr.

All isotopic composition and isotope dilution measurements
were determined on totally spiked aliquots of sample using a
99.9% ®*Sr spike. All measurements were completed using a
VG sector 54 multi-collecter thermal ionization mass spectrom-
eter in multidynamic mode at the Univ. of Arizona. NBS 987
yielded a standard value of 0.710256 * 6 (n = 7) during the
period of analysis. A few measurements of [Rb].eqyen, Were
completed by D. Vivit on samples from the microcline exper-
iment, using a Perkin-Elmer Elan 6000 ICP-MS at the U.S.
Geological Survey, Menlo Park.

Strontium process blanks were not collected at the time of

mineral dissolution, because the original experiments were
designed for major element analysis. However, blank solutions
collected from experiments conducted several years later in a
similar manner (without feldspar and at a slightly different flow
rate) were analyzed for [Sr),quen: and *7St/*°Sr (Table 1). The
[Srlym ©f DW, reactant solution, and reactant solution
pumped through the reactors varied from 75 to 650 ppt Sr. The
873r/4SSr ratio of two blanks pumped through the reactors was
0.708-0.709 (Table 1).

3. RESULTS

Strontium concentration and isotopic composition were an-
alyzed on pre- and post-reaction feldspar samples, as well as in
effluent (Table 1). The Sr content of the powders all decreased
during dissolution by 3-~8%. In all cases, the [Srl.sgyen WaSs
highest in the early stages of the experiment and decreased until
steady-state was reached. Final Sr release rates decreased in the
order bytownite > albite > microcline, while initial Sr release
rates decreased in the order bytownite > microcline > albite.
These initially high [Sr].quene Values were similar to high
values of [Na], [Ca), and [Kl.rquen: also observed early in
dissolution (Stillings et al., 1996), and, for the case of micro-
cline, to initially higher values of [Rb].gyen, (Table 1).
Changes in [Rb].¢,... OVer time were smaller than changes in
[St]tauene during the microcline experiment.

3.1. Bytownite

The [Srl.ppene from the bytownite dissolution was > fifty
times higher than [St],,,,,, making blank correction insignifi-
cant (Table 1). {S1].rquen decreased with time until the final RR
(log RR = —16.2) was attained. (RRs are normalized by final
surface areas of reactant mineral powder and reported as mol Sr

cm™? s7!; see Stillings et al. (1996) for surface areas). At

5000 h, St/Si e (76 = 8 x 107%) was within error of the
mole ratio in powder (64 * 6 x 1075). Total loss of Sr (1.82
nmoles) estimated by integrating the Sr vs. time release curve
during dissolution is consistent with 1.90 pwmoles Sr loss cal-
culated from Sr in bytownite powder pre-and post-dissolution
(Table 1). The lack of exact correspondence is attributed to
scatter and the sparseness of data in the [St].guen VS. time
curve,

878 t/50St  rauent TALiOS were initially higher than those of the
bytownite powder and decreased until ~1000 hr (Fig. 1a),
when *'St/*°St g, €qualed *'St/*Sr,, 4., (~.703). Early
release of Sr with higher *’Sr/*®Sr ratios is consistent with the
decrease in *’S1/*®Sr in the bytownite powder with dissolution
(Table 1, Fig. 1a).

3.2. Microcline and Albite

During albite dissolution, [Srlepquen; decreased from
~20,000 to 1700 ppt and during microcline dissolution from
~28,000 to 400 ppt (uncorrected for blank). Therefore, in the
early several hundred hours of dissolution of these phases,
[Srletquene Was sufficiently high that blank correction was in-
significant (.., [St] gnuene during the first several hundred h of
microcline dissolution was 20-100 times more concentrated
than [St]yunk)-

For both albite and microcline dissolution after 500 h,
[Srlefauen: @pProached [Srlp..e and exact 37St/%°Sr ratios of
these samples depends significantly upon [Sr]y,,..- Blank val-
ues can be approximated in two ways: (1) from present day
reproduction of the experiments (Table 1) and (2) by using a
maximum allowable blank (MAB), defined by the lowest con-
centration of measured Sr in the effluent ( i.e., ~400 ppt for
microcline and 1700 ppt for albite). The latter can be further
refined by assuming a blank value such that the ¥7Sr/%%Sr values
of the final effluent solutions correspond with the final solid, A
comparison of blank-corrected data for albite and microcline
using both methods from Table 1 shows that correcting for a
maximum allowable blank is the most reasonable approach.

Correcting the [Sr].eqyuen: from the microcline with a MAB of
221.6 ppt Sr (Table 1, Fig. 1) yields a final Sr log RR of ~18.8
(mol Sr cm ™2 s™"), and a ratio of $t/Si in final effluent of 7.5
*+ 0.8 x 1077 (compared to final powder value, 6.4 = 0.6 x
107%). Total loss of Sr (0.044 wmoles), estimated by integrat-
ing the Sr vs. time curve during dissolution, is consistent with
0.042 pmoles Sr loss calculated from Sr content in microcline
powder (Table I). Early *'St/*°Sr effluent ratios (~.712) of
microcline, where blank corrections are minimal, are signifi-
cantly lower than 87Sr/%°Sr in microcline powder (~1.0). How-
ever, during dissolution, ¥’St/*°Sr, g,...., increases, approaching
the final powder value rather than decreasing toward the efflu-
ent solution blank value (Fig. 1b). The initially released lower
8781/ Sr, puene Values are consistent with the jncrease in *’Sr/
868t of the powder during dissolution (Tablel).

Correcting the [St].ggen: from the albite for a MAB of 1435
ppt Sr (Table 1, Fig. 1c) yields a log RR of —18.0 at steady-
state and a ratio of St/Si in effluent of 15 *+ 2, compared to the
final powder value, 2.2 * 0.2. Total loss of Sr (0.036 umoles),
estimated by integrating the Sr vs. time curve during dissolu-
tion, is consistent with Sr loss ( 0.036 umoles) from albite



1496 S. L. Brantley, J. T. Chesley, and L. L. Stillings
a -
( )0.709 N - aﬁh_)eny solution blank
2 ]
® 0.708 ~
£ !
S
8 o0.707
X
o j 99.8%
2 07064 98%
< ]
g (99.7%)
< 0.705
fo2 J (b) solid after dissolution
- (39%)
& 0.704 ) ; issoluti = 1.0 L
g '(99 1%) solid before dissolution .g
= * — 'ﬁ solid before dissolution
U:) 0.703 4 (99.6%) solid after dissolution 7 (gg 2%) g
s g .
X
0.702 ey T T . @ 09+ (43%)
0 1000 2000 3000 4000 5000 g
Time (h) 31
o
3]
(C) E 0.8
0.77 \: (76%)
solid before dissolution @ . 53% effiuent solution blank
AN - € | (53%)
o.76 7 S e .. -
ea-:; ﬂ solid after dissolution (16%) <.£ 0.77 99%)
©
£ 0.754
= T x T T e
aé_ 0 500 1000 1500 2000 2500 3000
0.74 X
R IRCOA) Time (h)
= w
£
T 0731 (24%)
~ p
B ore -
© (93%)  (66%) (35%)
A [ ] L] [ ] .
‘,e effluent solution blank
© 0.717
- T T 4 T —T T
0 500 1000 1500 2000 2500 3000
Time (h)

Fig. 1. (a) ¥S1/%%Sr ratios of effluent solution measured as a function of time during dissolution of bytownite. Ratios for
the solid bytownite powder before and after dissolution and the ratio of the solution blank as indicated in Table 1 are also
plotted. Parenthetical numbers refer to the percent of Sr from feldspar in the effluent after blank correction, assuming a blank
of 300 ppt Sr. (b) ¥7S1/%6Sr ratios of effluent solution measured as a function of time during dissolution of microcline. Ratios
for the solid microcline powder before and after dissolution and the ratio of the solution blank as indicated in Table 1 are
also plotted. Parenthetical numbers refer to the percent of Sr from the feldspar in the effluent after blank correction,
assuming a blank of 221.6 ppt Sr. This blank value is considered a maximum allowable blank, and was chosen so that the
final solution effluent *’Sr/*®Sr ratio equalled that of the final powder (see text). (c) 5Sr/*®Sr ratios of effluent solution
measured as a function of time during dissolution of albite. Ratios for the solid albite powder before and after dissolution
and the ratio of the solution blank as indicated in Table 1 are also plotted. Parenthetical numbers refer to the percent of Sr
from the feldspar in the effluent after blank correction, assuming a biank of 1435 ppt Sr. This blank value is considered a
maximum allowable blank, and was chosen so that the final solution effluent *7Sr/%°Sr ratio equalled that of the final powder

(see text).

powder. Similar to the behavior of microcline Sr, the ®’Sr/
B0Sr, rauent (-714) of the albite during early dissolution is sig-
nificantly lower than the *7Sr/®®Sr of the mineral powder
(.760). During this early stage, blank corrections are minimal.
However, blank corrections are significant in the later hours of
the experiment.

As a further check on the effect of blank isotopic composi-
tion we also tested an unreasonably high (99%) blank contri-
bution to the lowest concentration effluent for both the micro-
cline and albite experiments, but with isotopic composition
equal to that of the post-mineral Sr for cach phase (i.e., assum-
ing that the blank was affected by the previous experiment from
the reactor: 0.709 for albite and 0.79 for microcline). These
values make little to no difference in the isotopic values and
concentrations of the early effluents.

On the other hand, if low values for the ®'Sr/*®Sr,,, . in the
albite experiment were assumed (<<0.708) this could explain
the small mass balance problem for that phase (compare rela-
tive changes of ®7Sr/®®Sr ;4 e in that experiment to the
changes in the powder). Alternately, if the ¥’St/*5Sr ..., at the
beginning or at the end of the experiment were higher than the
bulk powder value for the albite experiment, then the small
inconsistency between *’St/*°Sr,,, .., before and after the ex-
periment could be explained. It is apparent that in order to fully
comprehend the albite data these experiments will need to be
repeated. Nevertheless it is clear that the data from the early
part of the albite experiment (<<700 h) are only slightly affected
by blank correction. In addition our conclusions regarding the
behavior of albite during weathering are similar to those of
microcline and bytownite where the blank is not as critical.
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4. DISCUSSION
4.1, Microstructural Controls on Dissolution

The observed evolution of 37St/%°Sr ...« With time requires
preferential release of Sr from relatively radiogenic sites in
bytownite and relatively nonradiogenic sites in microcline and
albite. Preferential release probably correlates either with the
presence of secondary phases, or with preferential leaching of
the surface and structural defects. Under electron microprobe
(EM) analysis, the bytownite showed that approximately one in
fifteen grains contained intergrowths of zeolites of varying
Na:Ca ratio (probably thompsonite, natrolite, and/or gonnard-
ite). These zeolites (present at <2 vol% as calculated from the
bulk feldspar compositional analysis) contain Ca (and presum-
ably Sr) coordinated to aluminosilicate networks which are
expected to react with water faster than bytownite under am-
bient conditions. If the Sr lost from the zeolites is radiogenic
then this in part may explain the elevated ®7Sr/*¢Sr,gq,.c €arly
in dissolution. However, selective leaching of radiogenic Sr
from defect sites in the bytownite which incorporated Rb (and
decayed to ®Sr) can not be ruled out.

In the microcline, abundant microperthitic texture was iden-
tified using EM. Faster dissolution of the more albitic compo-
nent in the microcline, as exhibited in the [Srl.qen and the
Na/K ratios during dissolution (Table 1), is consistent with the
initially faster release of relatively nonradiogenic Sr from the
microcline sample. Release of Rb (Table 1) during microcline
dissolution was also consistent with faster dissolution of the
albitic component (Na/Rb decreased during dissolution while
K/Rb remained constant).

In the albite, Stillings and Brantley (1995) identified fluorite
as an accessory mineral (grain diameter < 10 pum), and ob-
served high Ca release rates, attributed to the dissolution of this
phase, even after several thousand h of dissolution (Table 1).
The low *7St/*®Sr ratio released from dissolving albite from
250 to 1500 h may, therefore, be at least partially attributed to
flourite dissolution (fluorite typically contains tens to several
hundred ppm relatively nonradiogenic Sr). However, volu-
metrically it would be difficult for fluorite alone to be respon-
sible for the lower observed *7St/*®Sr ., . Therefore, we
attribute the nonstoichiometric Sr isotopic values of the effluent
to contributions from fast-dissolving fluorite and preferential
leaching of Ca sites (thus nonradiogenic Sr) within the albite
mineral structure.

4.2. Stoichiometry of Strontium Release

Strontium weathering fluxes for natural soils and the Sr
reservoir in marine carbonates are often interpreted based upon
two assumptions: (1) Sr release from dissolving minerals is
stoichiometric; (2) ¥7Sr/*Sr ratios in weathering fluxes are
equivalent to ratios in the dissolving rocks. According to our
results, Sr release is not observed to be stoichiometric through-
out low-pH dissolution of feldspars, and the vastly different
dissolution rates of the three feldspars guarantees that the
isotopic signature of Sr released from a feldspar-containing
rock during weathering will not be equal to the bulk Sr signa-
ture. This is in excellent agreement with observations from Sr
isotopic studies on natural systems (e.g., Blum and Erel, 1995;
Bullen et al., 1997).

Nonstoichiometric release of Sr from the feldspars occurs
during an early period of dissolution. However, after several
thousand hours, dissolution of bytownite and microcline be-
came stoichiometric (Table 1). Albite, which continued to
release Sr preferentially, also released high concentrations of
Ca even after several thousand h. For this phase, we attribute in
part high Sr release rates throughout dissolution to accessory
fluorite. However, many workers have documented initial
leaching of charge-balancing cations from the feldspar surface
upon solution equilibration under acid conditions in the labo-
ratory (e.g., Stillings and Brantley, 1995; Blum and Stillings,
1995). 1t is likely, therefore, that some of the preferential Sr
release from feldspars in these experiments was due to equili-
bration of newly abraded surfaces.

Attributing fast cation release to transient dissoluton after
abrasion would imply that, after glaciation, a transient nonstoi-
chiometric release of Sr, as well as Na, K, Rb, and Ca from
newly formed feldspar particles might occur. Fast release of
cations occurs upon initial submersion of freshly ground pow-
der and upon subsequent changing of solution chemistry in the
laboratory (Chou and Wollast, 1985) over time periods typi-
cally of 10>—10° h for samples which do not contain signifi-
cant accessory phases or structural defects. Even if this time-
span were increased in field systems by as much as a factor of
10* (i.e., according to the maximum observed discrepancy
between field and lab mineral weathering rates for feldspars;
White, 1995), the initial nonstoichiometric release would only
last 10%~10% yr. Therefore, in a glacial regime, once the parti-
cles are formed and the initial transient nonstoichiometric re-
lease is completed, as long as the solution chemistry remains
relatively constant, stoichiometric release of cations from felds-
par in an abraded packet of sediment is expected within, at
most, a few thousand years. Of course, where abrasion is
ongoing, or where solution chemistry is changing, nonstoichio-
metric release would be maintained over longer intervals.

4.3. Strontium Fluxes

Strontium release (and therefore Ca, Na, and K release) is
significantly different for the three feldspars investigated. Sr
release (normalized by surface area) from bytownite was ob-
served to be factors of ~60 and ~400 times greater than Sr
release from albite and microcline, respectively. For proper
comparison of rates, however, we must correct rates to identical
pH values: although inlet solutions in these experiments were
close in pH, outlet pH values varied from 3.3 (albite, micro-
cline) to 3.7 (bytownite). Blum and Stillings {1995) have sum-
marized feldspar dissolution rates, which vary with pH
(pH < 7) according to:

log RR; = logk + nlog pH (1)

where n = —(0.7 (bytownite) or —0.5 (microcline or albite).
Assuming we can use these values for n, we can calculate the
log rate constants &k (mol St cm ™% s ') for Sr release for each
phase (—16.4 for albite, —17.2 for microcline, —13.5 for
bytownite), and we can then correct the observed RR to pH 3.
This calculation shows that the Sr RR at pH 3.0 from bytownite
would be ~900 and ~140 times faster than the RR from
microcline and albite, respectively. At pH 5 (a more common
soilwater pH), we calculate bytownite dissolution rates higher






