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ABSTRACT

A study of leaching of freshly erupted basaltic and dacitic air-fall ash
and bomb fragment samples, unaffected by rain, shows that glass dissolution is
the dominant process by which uranium is initially mobilized from air-fall
volcanic ash. Si, Li, and V are also preferentially mobilized by glass dis-
solution. Gaseous transfer followed by fixation of soluble uranium species on
volcanic-ash particles is not an important process affecting uranium mobility.
Gaseous transfer, however, may be important in forming water-soluble phases,
adsorbed to ash surfaces, enriched in the economically and environmentally
important elements Zn, Cu, Cd, Pb, B, F, and Ba. Quick removal of these
adsorbed elements by the first exposure of freshly erupted ash to rain and
surface water may pose short-term hazards to certain forms of aquatic and
terrestrial 1ife.. Such rapid release of material may also represent the first
step in transportation of economically important elements to environments
favorable for precipitation into deposits of commercial interest.

Ash samples collected from the active Guatemalan volcanoes Fuego and :
Pacaya (high-Al basalts) and Santiaguito (hornblende-hypersthene dacite); bomb
fragments from Augustine volcano (andesite-dacite), Alaska, and Heimaey
(basalt), Vestmann Islands, Iceland; and fragments of "rhyolitic" pumice from
various historic eruptions were subjected to three successive leaches with a
constant water-to-ash weight ratio of 4:1. The volcanic material was succes-
sively lTeached by (1) distilled-deionized water (pH = 5.0-5.5) at room
temperature for 24 hours, which removes water-soluble gases and salts adsorbed
on ash surfaces during eruption; (2) dilute HC1 solution (pH = 3.5-4.0) at
room temperature for 24 hours, which continues the attack initiated by the
water and also attacks acid-soluble sulfides and oxides; (3) a solution 0.05 M
in both Na,CO3 and NaHCO3 (pH = 9.9) at 80°C for one week, which preferen-
tially dissolves volcanic glass. The first two leaches mimic interaction of
ash with rain produced in the vicinity of an active eruption. The third leach
accelerates the effect of prolonged contact of volcanic ash with alkaline
ground water present during ash diagenesis.

INTRODUCTION

Freshly erupted air-fall volcanic ash is washed by rains which frequently
occur during or shortly after eruption (Finch, 1930; Wilcox, 1959). This
initial washing may release readily soluble ash components into the local
ground- and surface-water system and cause potentially short-term, but
significant, changes in the local water chemistry. Transient elevated
concentrations of some dissolved species may pose health hazards or represent
the first step in transporting economically important elements to environments
where they can be precipitated into deposits of commercial interest. After
the initial washing, prolonged exposure of the ash to a weathering environment
may cause slow release of elements within the structure of constituent
minerals or in solid solution in glass. This process may be of equal or
greater importance than the initial washing in transporting elements of
economic interest. ‘ '

The existence of readily soluble material on freshly erupted volcanic ash

has been documented by many researchers (Lacroix, 1907; Basharina, 1958;
Tovarova, 1958; Murata et al., 1966; Taylor and Stoiber, 1973:; Rose et al.,
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1973, 1978; Rose, 1977). These authors found that the dominant constituents
in distilled-water rinses of fresh ash were C1, SO,, Na, Ca, K, Mg, and F.
Other elements reported in smaller concentrations in the leachates were Mn,
Zn, Cu, Ba, Se, Br, B, Al, Si, and Fe.

The formation of this water-soluble material on volcanic ash is probably
the result of a complex interaction between the ash particles and volatile
constituents of the volcanic plume. Volatile halides of elements such as Na,
K, Zn, and Cu may condense on ash particles during eruption and subsequent
fallout, as temperature and pressure decrease (Tay]or and Stoiber, 1973).
Another possibility is that droplets of dilute acid (primarily H,S formed by
reaction of SO, and HZO in the volcanic plume) attach to ash par%1c es, and
leach soluble elements from the constituent minerals and glass (Rose, 1977).
The resulting coatings of acid and Teached elements are then available for
subsequent mobilization by rain.

Oskarsson (1978) proposed three temperature-dependent processes within an
eruption cloud which affect the type and amount of soluble material on ash
particles. At high temperatures in the eruption vent and the core of the
eruption cloud, microscopic salt particles crystallize (primarily chlorides,
fluorides, and sulfates of the alkali metals and calcium). An upper limit for
the temperature of salt crystallization is set by the melting point of the
salt being formed. For example, the melting point of NaCl1 is 801°C and of
CaSO4 is 1,450°C. At temperatures below 340°C, H,S is stable and may
condense as an aerosol. At temperatures between %hose for salt crystalliza-
tion and H,SO, formation, Oskarsson (1978) believed that adsorption of HC1 and
HF gas onto the surface of solidified silicate material may be common.

Soluble uranium on freshly erupted ash?

None of the previous studies of soluble material on freshly erupted
volcanic ash cite data for U. The primary reason is the difficulty of measur-
ing very low (less than 1 ug/1) levels of dissolved uranium when only a small
volume of sample and resulting leachate are available. A knowledge of the
amount of readily soluble uranium on ash is important because silicic volcanic
ash has been postulated as the primary source of uranium for sandstone-type
sedimentary uranium deposits (Waters and Granger, 1953; Densen et al., 1959;
Kittel, 1963; Love, 1970; Harshman, 1972; Adams et al., 1978). Henry and
Tyner (1978) speculated on the obvious economic implications of rapid removal
of uranium from the surfaces of freshly erupted ash particles.

In this study, freshly erupted volcanic ash, unaffected by rain, was
exposed to various experimental leaching conditions in order to model the
behavior of uranium and a number of other elements during initial ash-water
interactions and subsequent weathering. This is the first time that uranium
has been monitored during initial water rinse of fresh ash, and also the first
time that element leachability from such ash has been studied during
successive leaches. The specific objectives of the investigation are:



(1) Through an initial water rinse, to determine the fraction of a given
element which is present in a readily soluble form on the surface of freshly
erupted ash, and evaluate the potential environmental and economic
implications of element transport by this process.

(2) Through a series of successive leaches, to determine the mineralogic
hosts which must be attacked in order to mobilize a given element during
diagenesis of ash.

(3) To compare and contrast the mobility of a number of elements during
initial washing and subsequent diagenesis of ash.

SAMPLE DESCRIPTION -

Thirty samples of volcanic ash, fresh and unaffected by rain, were chosen
for study. Thirteen of the fresh ash samples are from the four major pulses
of the large 1974 eruption of Fuego volcano (Fig. 1) (Rose et al., 1978; Buell
and Stoiber, 1976). Five samples are from a small 1973 eruption of Fueqo,
which was .described by Bonis and Salazar (1974). Seven samples were collected
from Pacaya volcano (Fig. 1) during February, March, and April, 1974, This
volcano has been almost continuously active since 1965, alternating between
mild strombolian activity and explosive vulcanian activity (Rose, 1978). Five
samples are from Santjaquito volcano (Fig. 1). Santiaquito is a Pelean dome
which has been continuously active since 1922 (Rose, 1978). One of the
samples (1123) was collected in 1967 and has large amounts of soluble material
(Taylor, 1969). The remaining four samples were collected in 1975 and 1976.

In recent years, both Fuego and Pacaya erupted olivine-bearing high-Al
basalts (Rose et al., 1973, 1978; Eggers,1971). A1l of Santiaquito's lavas
are hornblende-hypersthene dacites (Rose, 1972). The fresh ash in this study
was previously analyzed for major elements and some trace elements (Table 1
and Appendix I) and for mineralogic components (Table 2).

‘The particle-size distribution of the fresh ash was determined by auto-
matic image analysis of 300 grains. The suite of ashes showed two different
size distributions. Some samples had a unimodal distribution with a mean
diameter of approximately 5 Phi (31 um) and a range from 250 um to submicron
dust particles. The other samples had a bimodal distribution, with the mean
of the coarser mode near 1 Phi (500 um) and the mean of the finer mode near
5.5 Phi (23 um). The bimodal samples ranged in size from about 1 mm diameter
to submicron dust. Three ashes with a bimodal size distribution were sieved
through wire mesh with an opening of 106 um. An average of 98.5%, hy weight,
of the ash was greater than 106 um in diameter.
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0CT. 11 PULSE utT. 17 PULSE G€T. 19 PULIE 0CT. 23 FULSE
MEAN PANGE MEAN PANGF. MEAN PANGE MEAN RALGE
MAJOR ELEMENT OXIDES (WT.R)

5102 50.60 46.40-52.30 1.0 50.80-52.60 50.30 47.80-51.70 48. 30 47.00-47.90
AL20] 20.549 19.60~21.20 19.40 18.90-20.20 18.60 17.70-18.00 19.40 17.60-1J.50
FF203 9,20 6.50-10.10 9.10 #.70-10.40 10.80 9.70-12.30 11.80 10.60-13.70

MGU 3.932 1.31-4.43 1.36 3.75-5.19 5.5) 1.80-7.93 7.70 5.79-9.67
CAU 7.60 9.70-10.10 9.n0 8.10-9.50 .70 3.40-9.40 8.90 3.50-9.20
NA21 3.50 3.20-3.80 1.60 J.50-4.10 3.40 2.00-3.70 2.50 4e60-3.3Y
K2U 0.74 0.62-0.95 0.86 0.91-1.00 0.7% 0.60-0.93 0.61 0.50-0.71

T102 0.90 0.38-0.95 0.82 0.78-0.90 0.98 0.95-1.03 0.99 0.75-0.98
TOTAL 91.96 9n. 29 99.46 99.10
TRACE ELEMENTS (PPM)

BA 425. 350.-546. 509. 435.-598. 511. 496.~ 525. 300, 260.-345
CL 600, * 425. 300.-500. 650 600.~-700. 350. 300.-100.
co 23.20 23.60-32.00  130.10 * 34.30 * 63.10 #
cu 109, 80.-110. 123. 115.~130. 106. 80.-130. 99. 90.-120.
nu 211. 330.-1000. 941, 950.-1060. 1124. 1075.-1250. 1300. .
Sn 559, 540.-581, 542, 530.~-571. S51t. 496.-525. 524. 482.-557.
U 0.35 0.25-0.49 ° 0.40 0.32-0.45 0.36 0.33-0.38 0.21 0.19-0.29
v 213. 178.-2135. 190. 154.-223. 2316, 223.-219. 230, 217.-242.
ral 84,30 60.-105. 65.50 57.50-102.50 B6.60 65.-95, M. 62.50-105.,

TABLE 1.
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TABLE 1 (CUNT?D).

AVERAGE CHEMICAL COMPOSIITUN OF ASH SAMPLES FROB GUATEHALAN VOLCANUFS

- .0 - -y e . - - - D W TP W D = " o A A S WD B e e T A T R . en -

FUEGU 19713 PACAYA 1974 SANTLACGUETD
HEAN RANHGE MEAN RANGE MEAN RANGE
MAJOR FLEMENT OXIDES (WT.1)

SI02 52.40 51.10-54.70 50.60 48.50-54.80 63.45 61.80-65.00
AL2U3 19.50 18.90-20.10 19.20 18.80-20.50 16.94 16.40-17.50
FF2u3 9.10 8.00-10.00 10.60 10.00-11.10 2.21 1.60-3,30

FEN b “n 2.56 1.80-2.90
KGO .85 J.46-14.17 4.11 3.60-4.56 1.87 1.48-2,03
CANn 7.00 8.40-9.50 8.90 8.50-9.50 5.03 4.20-5.70

NA20) 3.40 2.90-3.90 .70 3.60-3.90 4.91 4.70-5.10

K20 .02 0.74-0.95 0.86 0.81-0.93 1.59 1.48-1.70

TIu2 0.94 0.73-0.95 1.13 -1.00-1.35 0.47 0.36-0.55
TUTAL 98.91 99.10 99.73
TRACF ELEMENTS (PPM)

BA 520. * 490. . 860. *

CcL 520. 400.-600. 730. 600.-1300. 510. 400.-040.
cu 19, * 24. * 6. .

cu 100. * 90, . 14. 13.-15.
MN 1074. 1020.-1140. 1400. 1320.-1440. 1210. 1060.-1560.

SR 560, * 530. * 495. 476.-550.
u 0.38 0.27-0.19 0.59 0.45-0.A5 N.93 0.90-1.0
v 160. 245. 214.-265. 93.~-160.

121.-209.

120.
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TABLE 1 (Continued)

Fuego volcano (1974 samples): Data for major elements, Sr, Ba, Cu, Mn,
Co, and Zn from Rose et al. (1978). Cl analyzed by U.S.G.S. analytical labs;
U analyzed by delayed neutron technique by H. T. Millard, Jdr.; V analyzed by
I.N.A.A. by David B, Smith.

Fuego volcano (1973 samples) and Pacaya volcano; Major element data from
W. I. Rose, Jr., unpublished results. Ba, Co. Cu, and Sr analyzed by emission

spectrometry by U.S.G.S. analytical labs. Ci, U, and V analyzed as for 1974
Fuego samples.

Santiaquito volcano: Major element and Sr data from Rose et al,.
(1977). Other elements analyzed as above.




TABLE 2. Mean modal mineralogy of eruptives from Pacaya, Santiaquito, and
the four pulses of the 1974 Fuego eruption

Fuego1 Paca_ya2 Santia_quito3
, Oct. 14 Oct. 17 Oct. 19 Oct. 23

Groundmass 62 68 66 55 55 69
Plagioclase 31 22 21 27 37 26
O0livine 3.6 6.0 9.4 12.6 5

Clinopyroxene 0.8 1.6 0.9 1.5 2 Tr
Orthopyroxene 2
Oxyhornblende 1
Tridymite Tr
Opaques 2.6 2.6 2.6 3.9 1 2

1pata from Rose et al. (1978).

Zpata from Eggers (1971).

iData from Rose et al. (1977).

Groundmass = Glass + fine grained mixutre of phenocryst minerals.




A.' Basaltic vitric ash from Pacaya volcano
(110 x 150 um).

8. Vesicular basaltic ash from Fuego volcano
(500 x 700 um).

Figure 2. Scanning electron microscope images of unleached ash particles.
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C. Dacitic ash from Santiaguito volcano (240 x 300 um).

D. Surface of Santiaguito ash. Eneragy dispersive X-ray
anaiysis showed the elongate crystal is a nonsilicate
rich in Ca and S, probably calcium sulfate (25 x 36 um).

Figure 2. Scanning electron microscope images of unleached ash particles.
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E. Surface of Santiaguito ash. Hummocky area in center
of photo is rich in Na and C1 and may be a poorly
formed (or partially dissolved) NaCl crystal
(250 x 360 um).

F. C1osedp of NaCl-rich area shown in Figure 2-E.
Smaller grains clinging to NaCl are silicate ash
fragments (85 x 110 um).~

Figure 2. Scanning electron microscope images of unleached ash particles.
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The morphology and composition of individual ash particles were studied
by scanning electron microscopy (SEM) and energy dispersive X-ray analysis
(EDXRA). The following observations were made: (1) the surface area of
particles varies greatly depending upon the degree of vesiculation :
(Fig. 2-A, B, C); (2) there are a large number of small (less than 10 m in
diameter) particles; most of the small particles are similar in composition to
their hosts and are interpreted as surface dustings of very fine ash fragments
(Fig. 2-A, B, C): (3) some samples have well-formed tabular and cubic
crystals, and EDXRA shows that the tabular crystals are rich in Ca and S and
the cubic crystals are rich in Na and C1 (Fig. 2-D, E, F). These are believed
to be calcium sulfate and sodium chloride, respectively.

Three fresh bomb fragments were also studied. Two of the three bomb
fragments were ejected during the 1976 eruption of Augustine volcano in lower
Cook Inlet about 290 km southwest of Anchorage, Alaska. The eruption was
discussed by Johnston (1976), Johnston and Schmincke (1977). and Schmincke and
Johnston (1977). The fragments are andesitic to dacitic in character
(Appendix 1). The third bomb fragment studied was a piece of basaltic tephra -
collected on June 5, 1970, on Heimaey, Vestmann Islands, Iceland (Appendix I).

Five samples of historically erupted pumice, ranging in composition from
rhyolite to rhyodacite, were studied to contrast their leaching characteris-
tics with freshly erupted ash. The sample suite consists of pumice from
Katmai volcano in Alaska, Mount St. Helens volcano in southern Washington,
Glass Mountain on the Medicine Lake Highland in northern California, and Mono
Craters in east-central California (Table 3 and Appendix I). A1l the
rhyolitic samples-are dominantly glass (greater than 90%).

EXPERIMENTAL METHODS

Untreated splits of freshly erupted ash were taken directly from the
collected material and subjected to the various leaching experiments. The
bomb fragments and “rhyolite" pumice fragments were crushed with an aaate
mortar and pestle and sieved through silk bolting cloth. The 20-150
(850-106 m diameter) fraction and the <150 mesh (<106 m) fraction of each
crushed sample were retained for use in the leaching experiments.

Each sample of volcanic material was subjected to three successive leach
experiments of increasing severity. For the first leach, based on the method
of Taylor and Stoiber (1973), five grams of sample were placed in a Teflon
container and 20 ml1 of distilled-deionized water (pH = 5.0-5.5) were pipetted
onto the sample. . The pH was measured ‘approximately one minute after contact
of ash and leach solution. The container was covered with a Teflon cap and
the contents were agitated for one hour at room temperature and pressure by a
rocker-arm shaker. The pH was again determined and the sample was allowed to
sit overnight. After a final pH measurement, the sample was filtered through
a Millipore filter with a nominal pore size of 0.1 m and the filtrate was
acidified to a pH of 2 or less with sub-boiling distilled nitric acid. The
lTeachate and ash or pumice samples were then stored in polyethylene vials.

12



TABLE 3.

Pertinent data on historic "rhyolitic" samples.

Sample Sample
Locality Furnished by Rock Type Age References
Katmai R. B. Forbes Phyolitic Erupted Allen and Zies
Scoria June 1912 (1923), Fenner
(1923), Zies
(1924, 1929)
Mt. St. Helens D. R. Mullineaux Rhyodacite 150 yrs Mullineaux et al.
Tephra Set T ' (1975), Lawrence
A (1954)
Mt. St. Helens D. R. Mullineaux Rhyodacite 450- Mullineaux et al.
Tephra set W 1150 yrs  (1975), Crandell
: (1971)
Medicine Lake I. Friedman Rhyodacite  200- Condie and Hayslip
Pumice 300 yrs (1975), Ives et al.
(1964), Friedman
(1968a, 1968b)
Mono Craters [. Friedman Rhyolite 2000 Hrs  Anderson (1933),
Pumice Loney (1968),

Gilbert et al.
(1968)

13



The procedure for the second leach experiment was the same as for the
first, but the leach solution was a very mild hydrochloric acid solution
(pH = 3.5-4.0). : : ‘

The third and most severe leach was with 20 ml of a solution that was
0.05 M in both sodium carbonate and sodium bicarbonate. These two reagents
form a buffer solution at a pH of approximately 9.9. The sample was sealed in
a Teflon container and agitated inside an oven at 80°C for one week. The
sample was weighed and, if weight loss by evaporation was less than 5%,
filtered, acidified, and stored as described above.

The liquid-to-solid ratio of 4:1 by weight was optimum for assuring that
there was enough leachate to perform the necessary chemical analyses and at
the same time assuring that most of the elements analyzed were present in
detectable concentrations. A ratio of this magnitude was estimated to be
realistic for Central America during the rainy season (Taylor and Stoiber,
1973). In a later section, this ratio is used as a model for calculations
regarding likely concentration levels of contaminants of volcanic origin in
ground and surface water near an erupting volcano,

The first two leaching episodes are intended to mimic the interaction of
ash with rain produced in the vicinity of an active eruption. The rain
undoubtedly-is slightly acidic because of its interaction with acidic gases
(502, HC1, etc.) emitted during an eruption. Analogous production of acid
precipitation has been documented for highly industrialized areas where, for
example, smelters and coal-burning power plants may emit SO, and other qases
into the atmoshpere (Hutchinson and Whitby, 1977; Li and Landsberg, 1975).
The annual! pH value for rain in the northeastern United States averages about
4, but values as low as 2.1 have been recorded (Likens and Bormann, 1974).

The third leach experiment is intended to accelerate and accentuate the
effect of prolonged contact of a pile of volcanic ash with alkaline ground
water present during ash diagenesis (Schoff and Moore, 1964; Harshman,
1972). Table 4 summarizes the chemistry of ground and surface water in
weathering environments and shows how these compare with the carbonate-
bicarbonate leach solution.

Analytical methods for unleached volcanic material

Much chemical data on the samples used in this study were available in
the literature and in unpublished reports (Table 1 and Appendix I). In
general, most major-element data were determined by X-ray fluorescence and
trace elements by a combination of atomic absorption and instrumental
neutron-activation analysis. Some elements analyzed in the leachate, however,
had not been previously determined in the volcanic material. Thus, part of
the present study involved such measurements.

The U content of the volcanic material was determined by a delayed-
neutron technique (Millard, 1976). The coefficient of variation for the
measurements ranges from 30-2% as the U content of the sample increases from
0.1 to 300 ppm. Checks on previously reported concentration values (Table 1
and Appendix 1), as well as original measurements of additional elements, were
performed on selected samples of the volcanic material as follows: 30 samples
by instrumental neutron-activation analysis (V, A1, Mn, Na), 14 samples by
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emission spectrometry (B, Ba, Be, Cd, Cu, Li, Mn, Mo, Pb, Sr, V, Zn), and 38
samples by specific-ion-electrode methods (C1 and F). Where analytical values
were not available for a particular ash sample, they were assumed to be equal
to the average for measured samples of the same rock type. A few elements (B,
Cd, Li, Pb) were detected in the leachates but were below detectability in
analyzed unleached material. For these elements, values were assumed to be
equal to reported literature averages for the appropriate rock types
(Xrauskopf, 1967).
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TABLE 4 Comparison of experimental alkaline leach solution and pertinent
analyogues. (From Zielinski, 1977.)

Typical concentration Typical
Source of major components pH
Ground water draining rhyolite tuff  0,001-,005M HCO, (Na+K) 7- 8.5
Ground water draining carbonates .001-,01M HCO, (Ca+Ma+Na) 7- 8.5
Experimental solution .05M Na2C03+.65M NaHCO3 9.9
Sea water .5M NaCl 8.15
Alkaline lakes, brines .5-5M NaC1+Na2CO3+NaHCO3‘ 8-10
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Analytical methods for leachates

Each leachate was analyzed for the following elements: U, F, C1, B, Ba,
Be, Ca, Cd, Co, Cu, Fe, Li, Mg, Mn, Mo, Na, Pbh, Si, Sr, V, and Zn. In
addition, some of the leachates were analyzed for Al. In order to maximize
the amount of data for each leachate, analytical methods were chosen which
provided high sensitivity and accuracy but required minimal sample volumes.
The methods used for each element and estimated precision and sensitivity of
the analyses are given in Table 5. Reagent blanks were determined by each
analytical method.

Two slightly different fission-track techniques were used to arrive at a
final U value for the leachates. In the first method, approximately 0.5 ml of
1eacha§e was placed in a 2/5 dram, acid-washed, polyethylene vial containing a
0.5 cm“ piece of highly polished, acid-washed, pure silica glass. The
samples, and similarly prepared vials with a standTEd U solution_and blank,
were then irradiated at a neutron flux of 2.5 x 10*“ neutrons/cm~-sec for four
hours in the research reactor facility of the U.S. Geological Survey in
Denver, Colorado. After about one day, the glass was recovered and etched for
two minutes with 48% reagent-grade hydrofluoric acid. Resultant fission
tracks were viewed with a microscope at 400x. The track density was compared
to the density produced by submersion of glass in a 0.1 ppm U standard
solution. The blank averaged approximately 0.0006 mg/L uranium,
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TABLE 5, Analytical methods and precision estimates for leachate analyses.

Analytical N " Detection limit
Element Techniquel C.V. (%) ( g/L unless noted)

Al I.N.A.A. 2 0.2 mg/1
B ICP-PES 8 3

Ba ICP-0ES 2 1

Be ICP-0ES - 0.5
Ca ICP-0ES 1 10

Cd ICP-0ES 5 0.5
Cl SIE 3 1 mg/L
Co ICP-0ES 10 2
Cu ICP-0ES 1 5

F SIE 7 10

Fe ICP-0ES 1 2

L1 ICP-0ES 3 2

Mg ICP-0ES 1 2

~ Mn ICP-0ES 1 0.5

Mo ICP-0ES - 10

Na ~ ICP-0ES 1 100

Pb ICP-0ES 50 5

Si C 3 0.5 mg/L
Sr ICP-0ES 1,, 0.3

] FT - 7 0.2

v ICP-0ES 8 3

n ICP-0ES 1 2

I.M.A,A, = Instrumental Neutron Activation Analysis, ICP-0ES = Inductively
Counled Plasma-Optical Emission Spectroscopy,; SIE = Specific lon Electrode,

C = Colorimetry, FT = Fission Track, - = element not found in leachates,

* = estimated coefficient of variation (%) near middle of concentration range,
** = coefficient of variation at 0.1 ppm U.
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The above technique proved to be quite adequate for the carbonate-
bicarbonate leachates. However, several of the water and acid leachates had U
concentrations at or below the blank level. A more sensitive method of
fission-track analysis based upon the analysis of single drops was used to
measure selected low-U samples (Fleischer and Lovett, 1968; Reimer, 1976).

The blank for this second technique averaged ahout 0.0001 mg/L. Several
samples showed U concentrations at or below this level.

The concentrations of B, Ba, Be, Ca, Cd, Co, Cu, Fe, Li, Mg, Mn, Mo, Na,
Pb, Si, Sr, V, and Zn were determined by inductively coupled plasma-optical
emission spectroscopy. The high-Na samples (carbonate-hicarbonate leachates)
were diluted with distilied-deionized water by a factor of 2.5 to bring the
specific conductance of the sample below 2,000 mho/cm. Separate high-Na
blanks and standards were run for these samples.

Silica was determined by a standard colorimetric method using
silicomolybdate blue (Brown et al., 1970). Fluoride and chloride
concentrations in the leachates were determined by specific-ion-electrode
methods. Some of the leachates were analyzed for A1, Mn, V, C1, and Na by
instrumental neutron-activation analysis (INAA). [INAA was abandoned when the
inductively coupled plasma-optical emission spectrometer became available.
The ultimate value of the INAA data was the Al determinations and a check for
the inductively coupled plasma and chloride electrode data. The values
determined by INAA were generally within 10% of the values measured by
inductively coupled plasma-optical emission spectroscopy.

RESULTS AND DISCUSSION

The predominant elements present in the water leachates of the freshly
erupted ash and bomb. fragment samples are Ca, C1, Na, Mg, and F (Appendix II).
A similar group of elements predominate in the acid leachates, in addition to
Si and Al. Si and F consistently occur in the highest concentration in the
carbonate-bicarbonate leachate, followed by Ca, C!, and Fe. Be and Mo were
below blank concentrations in all three Tleachates.

The composition of the water and acid leachates of the historic
“rhyolites"” differs from equivalent leachates of fresh basaltic and dacitic
ash, in that Al, Na, Ca, Si, and Fe are their major constituents. Relatively
more Al, less Na, and Ca, and roughly equivalent Si and Fe were released from
. the "rhyolites," as compared to the fresh ash. F and C] are considerably
depleted in the "rhyolite" leachates. This depletion may be because F and C1l
are removed very early on exposure of the rock to ground and surface water
(E11is and Mahon, 1964; Zielinski, 1977). Si, F, Ca, C1, and Fe predominate
in the carbonate-bicarbonate leachate of the "rhyolites" as they do in the
equivalent leachate of fresh ash.

Both the basaltic (Fuego and Pacaya) and dacitic (Santiagquito) ash show
release of similar suites of elements in similar amounts., There are anomalous
samples from each volcano, but ash from a given center does not show
consistently greater overall Teachability.

The pH of the water and acid-leach solutions increased by 0.1 to 2 pH
units upon contact with most fresh ash samples (Table 6). The increase in pH
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is probably caused by rapid exchange of dissolved hydrogen (as H30+ jons) for
alkali of alkaline earth ions at the surface of ash particles (Garrels and
Howard, 1959; Luce et al., 1972; Petrovic et al., 1976). The decrease in pH
caused by some ash samples is more difficult to explain. Perhaps ash
particles in these samples had relatively longer residence times in the
condensation zone (Oskarsson, 1978) of the eruption column where sulfuric and
halogen acid-water azeotropes condense as aerosols and may then be scavenged
by ash particles (Rose, 1977).
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It is of interest that none of the samples which caused a pH decrease in
water leachates showed greater overall leachability than the samples which
caused a pH increase. This leachability result implies that acid leaching of
ash particles by adsorbed acid aerosols does not contribute significantly to
the total amount of soluble material on the ash. Apparently, most of the
water-soluble salts are present as condensates (Oskarsson, 1978) and are not
generated by in-situ attack of adsorhbed acid on host ash particles.

The percentage of a given element removed from ash during each leach
operation was calculated according to the following equation:

g element in leachate
% Element Removed = x 100

g element in unleached ash

The results of the calculations are given in Appendix III and shown
graphically in Figure 3 (A-E). The elements in section A of the graphs all
show a smaller percentage removed by the carbonate-bicarbonate leach than by
the water or acid leach. Those in section B all. show larger percentages
removed by the carbonate-bicarbonate leach than by the acid leach and most
show a larger percentage removed by the alkaline leach than hy the water
leach. U, V, Li, and Si are unique in that they consistently fall into
section B, no matter which type of volcanic material is leached. :

O0f note is the order of magnitude or Targer variation for the
concentrations of leachable material on the ash (Table 7 A-E). As noted
earlier by Rose (1977), this variation may even occur for successive ashes
from the same volcano collected during short periods from localtities in close
proximity. The variable chemistry of the water-soluble material reflects the
variable trajectories of ash particles within a thermally and chemically zoned
volcanic plume (Rose, 1977; Oskarsson, 1978).

Examination of the predominant elements present in the leachates suggests
that each of the three leach solutions preferentially attacked different
phases in the solids. The water leach primarily attacked water-soluble salts
and gas-phase material adsorbed on the surfaces of the ash. Scanning electron
microscope study (Fig. 2) showed that water-soluble salts such as CaSO, and
NaCl! do exist on ash surfaces, and the constituent ions dominate in water
leachates (Taylor and Stoiber, 1973; Rose et al., 1973: Rose, 1977). The acid
leach continued the process of the water leach as evidenced by the similar
suite of ions predominant in the leachate. The acid leach may also have
attacked acid-soluble sulfides and/or oxides, as evidenced by increased Fe
concentration in some samples.

The carbonate-bicarbonate leach was assumed to preferentially attack
volcanic glass because of the reported high solubility of amorphous silica at
the measured pH (9.9) of the solution (Alexander et al., 1954; Krauskopf,
(1956) and the elevated concentrations of dissolved silica, a major
constituent of glass. The glass appeared not to dissolve congruently,
however, as shown by comparison of elemental ratios in the leachate with the
same ratios obtained by electron microprobe measurement of residual glass
(Table 8). Trace-element analyses were not available for pure glass
separates, but in all likelihood these too would show incongruent dissolu-
tion. A comparison of similar ratios for studied "rhyolites" (Table 9)
suggests that the trace elements U, V, and Mn also dissolve incongruently in
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the carbonate-bicarbonate solution. Cation exchange of Na ions in the
alkaline leach solution for other alakli or alkaline earth ions in the
volcanic material also probably occurred, contributing, for example, to the
increased leaching efficiency of lithium (Fig 3; Zielinski et al., 1977).

It should be emphasized that the carbonate-bicarbonate leach models
incipient dissolution of glassy components of volcanic ash caused by initial
exposure of the glass to alkaline ground water. The results of this leach
give no indication what effect secondary minerals such as clays and zeolites,
with large adsorptive potential, would have on the mohility of dissolved ash
components. '
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TABLE 6. pH values of water and acid leachates of Guatemalan ash samples.

. pH after approximately 24 hours
Sample Number Water Leachate Acid Leachate

(Fuego, 1973)

6 5.6 4.6
44 6.1 5.7
B-5 5.8 5.3
Z-2 5.8 5.2
-4 4,2 4.1

(Fuego, 1974)

28 6.2 5.3
32 5.6 4.8
33 4.3 3.8
34 6.2 5.7
40 5.9 5.3
100 6.8 6.4
101 7.0 6.5
102 5.8 5.5
104 5.5 5.1
128 7.0 6.9
139 6.8 6.9
167 4.8 4.9
169 5.1 5.3
306 5.8 5.5
314 5.9 5.3
(Pacaya)

2 - 3.5 3.2

3 6.6 4.7

4 3.6 3.2

5 3.6 2.8
VP5 4.0 3.8
7 3.5 3.1

9 6.2 5.1

" (Santiaguito)

1 6.4 6.9

2 4.1 3.7

3 4,3 4.0

4 3.7 3.4
1123 4.0 3.0
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LEACHATL
MEAN RANGE MEAN RANGE MEAN HALGE
AL 1.3 0.0-6.7 1.3 0.0-5,6 HeDo Helo
b 0.022 0.0030-0.11 0.0029 0.0010-0.022 0.049 0.0040-0.11
ba 0.074 0.020-0.25 0.043 0.0049-0.26 0.00010 0.0-v.0080
CA 100. 18.-260. 20. 3.3-53. 0.8% 0.25-1.6
co 0.0020 0.0-0.010 06.00040 0.0-0.0020 - -
CcL il. 8.0-50. 2.0 0.20-5.0 0.93 0.10-1.7
co 0.00090 0.0-0.0082 0.00090 0.0-0.011 - -
cu 0.0081 0.011-0.A) 0.047 0.0030-0.22 0.16 0.020-0.52
F 5.1 1.1-22. 2.3 0.66-7.1 1.9 0.68-136,
FE 0.52 0,028-5.6 0.57 0.010-6.4 0.43 0.18-1.0
L1 0.011 0.0010-6.029 - - 0.023 - 0.0020-0.066
MG 5.5 1.4-11. 1.5 0.31-12. 0.34 0.0-2.4
MN 0.37 0.060~0.78 0.12 0.023-0.79 0.0029 0.0015-0.0092
Na J2. 11.-46. 4.7 1.3-9.0 NDo - Nale
rs 0.026 0.0010-0.24 0.014 0.0060-0.18 0.075 0.,0000-0.80
sl 1.0 0.75-3.1 2.5 1.3-5.4 19. Te5-29.°
Sk 0.50 0.097-1.3 0.096 0.011-0,25 0.011 0.0018-0.027
1] 0.00027 0.0-0,00070 0.00027 0.0-0.0018 0.0012 0.0-0.0044
v 0.015 0.0-0.032 0.012 0.0-0.046 0.34 0.082-0.606
Zu 0.936 0.00130-0.14 0.018 0.0040-0.049 0.017 0.00£0-0.3%

TABLE 7-a.

OF LEACHATES OF FUECO ASH

WATER LEACHATE

_ACID LEACHATE
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AVERAGE CHEMICAL COMPUSITION (MG/L)

CARBUNATE-RICAYUNHATE

- = BELUW NLANK LEVEL

D.= NOT DETER4INED

0 = FLEMENT NOT FOUND IN ABOVE-ILANK CONCENTRATION FOR AT LEAST
UNE SAMPLE OF A GIVEM LEACH TYPE
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TABLE T7-8B. AVERAGE CHEMICAL CUMPUOSITIUN (MG/L)
OF LEACHATES OF PACAYA ASH

s e sy A D " - m YR T WP > Y - e S e A 4D W " W A e A = o = P T W e G e e S = 0 - - - -

WATER LFEACHATE . ACID LEACHATE CARDONATE-RICARLONATE
: LEACHATL
MEAN RANGE MEAN RAHGE MEAN PANCE

AL 3.2 0.15-5.3 7.0 0.17-13. N.D. ol
8 0.01S 0.0010-0.027 0.0026 '0.0-0.0080 0.0081 0.0-0.019

BA 0.17 0.009-0,20 0.19 0.037-0.40 0.0029 0.0-0.01%

Cha 19, 32.-76, 15. 8.0-27. 1.1 0.695-2.0

cu 0.0089 0.0010-0.032 0.0030 0.0-0.012 - -

CcL 51. 13.-210. 3.2 0.0-15. 0.05 0.30-2.6

cu 0.0018 0.0-0.0060 0.0018 0.0-0.0056 - -

cuy 0.31 0.035-0.59 0.41 0.029-1.1 0.20 0.082-0.44
F 7.2 1.3-11. 2.6 0.58-7.98 3.1 0.77-11.

FF. 0.70 0.0-2.3 i 2.2 0.060-4.5 0.34 0.26-0.42

l.1 0.00090 0.0-0.016 - - 0.0066 0.0020-0.010

MG 1.9 2.4-13. 2.5 0.80-4,6 0.33 0.13-0,92

MN 0.25° 0.10-0.72 0.17 0.079-0.28 0.0019 0.0-0.0040

NA 39. 20.-110. 5.9 2.1-9.3 N.D. H.be

Py 0.003S 0.0-0.011 0.012 0.0-0.070 ~ -

Sl 2.3 0.70-3.8 6.1 1.3-11. 21, 20.-30.

Sk 0.41 0.27-0.65 0.12 0.058-0.21 0.011 ©0.0032-0.024
U 0.00002 0.0-0.00012 0.00003 0.0-0.00014 0.00038 0.00017-0.00070
v 0.0062 0.0-0.017 0.0093 0.0-0.025 0.082 0.027-0.12

ZN le4 0.17-4.7 1.4 0.13-3.4 0.0071 0.0-0.028

- e > i T P e G AR e A AP A T S GRS e A S T S S R AR WD W S AP WP A S en W W T R S WS WS G S e -

BELU4 BLANK LEVEL

NOT OETERMINFED

ELEMENT NOT FOUND IN AROVE-BLANK CONCENTRATION FOR AT LEAST
ONE SAMPLE UF R GIVEH LEACH TYPE '
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LEACHALE
MEAN RANGE MEAN " RAMGE MEAN RANGF

AL 1.3 0.0-4.9 1.3 0.0-4.7 NeDe. liels
[} 0.27 0.051-0.94 0.12 0.0090-0.50 0.20 0.059~0.46

BA 0.033 0.0045-0.087 0.037 0.0038-0.14 0.0040 0.0-0.0060

CA 150. 47.-560. 190. 5.9-880. 0.99 0.74-2.6

cn 0.014 0.0-0.064 0.00040 0.0-0.0010 - ~

CL 110. 20.-350. 7.3 0.20-32. 2.9 1.0-7.0

co 0.033 0.0-0.15 0.0054 0.0-0,022 - -

cu 0.239 0.055-0.70 0.14 0.010-0.40 0.12 0.029~0.24
F 3.6 1.8-5.A 1.8 1.0-3.0 5.3 1.2-13.

FE 0.39 0.10-0.90 1.2 0.054-3.6 0.19 0..0-0,.48

LI 0.10 0.0050~C. 47 0.019 0.0-1.9 0.16 0.12-0.18

MG 24. J.7-100. 5.1 0.37-21. 0.45 0.50-0.59

MN 1.9 0.14-213, 0.87 0.090-3.7 0.024 0.00135%-0.053

Na tago. 14.-44¢. 14. 6.0-53. f.0. li.0.

] 0.0024 0.0-0.012 0.012 0.,0-0,038 - -

Sl 1.9 0.75%-2.8 4.1 2.3-5.6 16. T.5-24.

SR 0.37 0.086-1.1 0.46 0.,033-2.0 0.013 0.u-0,014
U 0.00030 0.0-0.0015 - - 0.0053 0.0-0,010
v 0,0091 0,0-0.020 0.018 0.0-0,052 0.097 0.045~0.20

ih 0.51 0.052-2.1 0.31 0.015-1.2 0.016 0.00

TABLE 7-C.

UF LEACHATES OF SANTIAGUITU ASH

WATER LEACHAIFE

BELUW BLANK LEVEL

ACID LEACHATE

AVERAGE CHEMICAL CUMPOSITION (MG/L)

CARBUNATE~BICARBUONATE

N.De= HUT DETERMINED
= FELEMENT NOT FOUND IN AROVE-DLANK CONCENTRATION FOR AT LEAST
ONFE SAMPLE OF A GIVEN LEACH TYPE



TADLE T-D. AVERAGE CHEMICAL COMPUSITION (MG/L)
OF LEACHATIES OF FRESHLY ERUPTED BUND FRAGMENTS

A e s > A T WY AR - T " T - - e o S T Y ) P Bu D e A - = G - = e S aa Ae A AP W T A AR = A A = e A = Y Y A S P o = Y Ae A A e e = -

WATER LEACHATE ACID LEACHATE CARBUNATE-DICAKRUNATE
: LEACIHALF
HEAN RANGE MEAN RANGE MEAN RANGF.
0.48 * 0.85 - ’ N.D, Nl
0.050 0.025-0.079 0.0130 0.,012-0.0560 0,017 U.006-0.025
0.062 0.010-0.12 0.076 0.019-0.14 0.0018 0.0-0.0070
110. 23.-250. 51. 22.-817. 1.4 1.u-2.1
0.0014 0.0-0.0024 0.0020 0,0-0.00080 - -
62. 19.~110. 15. 10.-21. 2.1 1.7-3.1
0.0028 0.0-0.0061 0.0011 0.0-0.0044 - -
0.51 0.022-1.0 0.18 0.0020-0.54 - 04099 0.045-0.15
6.0 1.1-19. 4.3 0.66-14. 3.7 0.34-13.
0.72 . 0.080-1.7 ) 1.6 0.37-4.1 0.32 0.15-0.5%52
0.019 0.0-0.029 0.00020 0.0-0.0010 0.083 0.0070-0.21
20. J.8-44. - 5.5 2.5-9.8 0.55 0.21-1.3
9.56 0.16-0.99 0.54 0.16-1.4 0.0010 0.u-0.0020
68. 16.-'1309 140 4.9-250 N.D. HNela
- - - - 0.038 V.0-0.12
5.2 2.3-6.5 10, 4.4-15. 26. 13.-43.
0.36 0.081-0.83 0.16 - 0.074-0.30 0.015 0.0055-0.011
0.00046 0.00002-0.00113 0.00010 0.0-0.00040 0.0023 0.u00%9-0.0031
0.031 0.0-0.065 0.028 0.0-0.052 - 0,099 0.0-0,214
0.089 0.021-0.19 0.036 0.0060-0.083 - -

- - " " B TS G W W S e D e T R W e WSS G YR . . -

ONLY UNE SAMPLE ANALYZED

BELUW RLANK LEVEL

NUT DETERMINED

ELENMENT NOT FOUHD IN AROVE-BLANK CONCENTRATION FOR AT LEAST
ONE SAMPLE OF A GIVEM LEACH TYPE



TABLE 7-F. AVERAGE CHEMICAL CUMPUSITION (MG/L)
OF LEACHATES OF HISTORIC “RHYULITES®

P S S P D WD i = e o e VD AD G A D W G e e A W T Am N S TP MR G O b G G R e AP P b W W T TR e S WE G SR A T vn S W S A W e e T e e o W

HATER LFEACHAT® ACLD LEACHATE CARBUNATE~BICAPBUNATE
LEACHATFE
UEAN HANGE HEAN RAHNGFE MEAN RANGE
EEE 2t 2 2 i i i s i s s i i s ke e s e e i A
AL 9.3 6.1_14- 4-1 2.1‘1-9 N.D. Nelle
b 0.032 0.0-0.22 0.0067 0.0-0.034 . 0.023 0.0060-0.050
D4 0.17 0.026-0.91 0.045 0.014-0.090 0,0031 0.0-v.v24
CA 4.9 0.90-11. 4.5 0.35-15. 0.R4 0.26~1.6
co 0.0019 0.0-0.0085 0.00012 0.0-0.0012 - -
cL 1.1 0.0-2.4 0.14 0.0-0.40 1.4 0.60-2.8
cu 0.0050 0.0-0.021 0.0013 0.0-0.0097 0.0012 0.0-0.012
cu 0.11 0.017-0.33 0.046 0.012-0.11 0.074 ¢.029-v.17
3 0.91 0.023-4.8 0.23 0.0-0.71 1.6 0.16-10.
FE 1.4 0.37-4.1 1.1 0.28-4.2 0.83 0.11-6.0
Li 0.0019 0.0-0.0060 - - 0.096 0.040-0.28
MG 1.3 0.030-3.9 0.21 0.0-0.52 0.067 0.0-0.25
N 0.22 0.020-0.62 0.085 0.0044-0.22 0.027 0.0-0.21
Hau 9.3 4.2-11. 3.7 1.8-5.4 N.D. tU.D.
PD 0.023. 0.0-0.14 0.020 0.0-0.056 - -
Sl 2.5 0.79-5.1 2.6 0.79-5.6 24. 7.9-b1.
SR 0.035 0.0073-0.077 0.018 0.0021-0.060 0.0079 0.0025-0,016
U 0.00038 0.0-9.0017 0.00031 0.0-0.0012 0.0028 0.00020-0.010
v 0.0015 0.0-0.015 - - 0.020 0.0-0.U84
Zu .11 0.,027-0.135 0.032 0.0-0.092 0.00%3 0.0-v.018
~ = BELOW BLANK LEVEL
Nellez= NOT DETERMINED
0.0 = ELEYENT 40T FOUND IH ABOVE-BLANX CUNCENTRATION FUR AT LRAST UKF

SANPLE OF A GILVEN LEACH TVPE



TABLE 8 Ratios of elements relative to Si in carbonate-bicarbonate leachates
of five Fuego ash samples compared to the same ratio in residual glass in
Fuego ash. A value of 1 indicates congruent dissolution.

Sample number Mg Fe Ca
32 0.33 0.091 n.23
34 0.13 - 0.10 0.27
101 ' 0.16 0.15 0.56
167 0.24 0.19 0.39
314 0.33 0.059 0.23

Explanation of columns: A1l columns show values of the following ratio:
(X/Si
carbonate-bicarbonate leach
(X/S1)
glass
where X = Mg, Fe, or Ca. Glass compositions taken from Rose et al. (1978).
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TABLE 9 Ratios of elements relative to Si in carbonate-bicarbonate leachates of historic
"rhyolites" compared to the same ratio in the "rhyolites" themselves. A value of 1 indicates
congruent dissolution.

Mg Ca Fe U ) Mn
Katmai <0.19 0.43 0.41 2.0 <0.27 <0.0052
Mt. St. Helens--T 0.37 0.49 0.058 32. 16. <0.022
Mt. St. Helens--W 0.44 2.2 8.8 66. 62. 2.1
Medicine Lake <0.013 1.3 0.19 0.63 2.1 0.068
Mono Craters <0.019 0.7 0.73 0.39 1.8 <0.0082

Explanation of columns: All columns show values of the following ratio:
(X/S1)
carbonate-bicarbonate Teach
(X/Si) '
pumice
where X = Mg, Ca, Fe, U, V, or Mn. Some elements in the leachates were below blank level. For
these cases, the numbers in the table were calculated using the detection limit (Table 5) as the
maximum concentration of the element of interest. These numbers are preceded by a "less than"
symbol (<) in the above table.




Environmental implications

Some of the elements removed during the first washing of a freshly
erupted volcanic ash may have short-term detrimental effects on the water
guality of small streams in the vicinity of the volcano. Such effects were
caused by the 1970 eruption of Hekla in Iceland, where consuming contaminated
water and vegetation caused lethal fluoride poisoning in sheep and other
Tivestock (Thorarinsson, 1970), Of all the elements found above blank in
water leachates, only seven (Cd, Pb, Cu, Zn, Ba, B, F) are sufficiently
harmful to have "safe" levels empirically established for various life
forms. A comparison of these "safe”" levels with concentrations of the same
elements in water leachates of fresh ash shows that the "safe" levels are
exceeded in some instances (Table 10). Any inference that streams near a
fresh ash deposit might carry a harmful concentration of a certain element
must be made with the understanding that the water-leachate data in Table 10
are based upon the experimental water/ash weight ratio of 4:1. The
concentrations reported here are meant as semiquantitative estimates of likely
contaminant levels for comparison with accepted standards of water quality.

Economic implications

The amounts of soluble material released during initial washing of the
freshly erupted ash of this study were calculated (Table 11). It was assumed
that the majority of water-soluble constituents contained on the ash surfaces
were dissolved during the first experimental leach. The calculations also
assumed a hypothetical, near-source_ash fall similar in size to that estimated
for the 1974 Fuego eruption (0.2 km3) by Rose et al. (1978). Table 10 shows
that there were some economically valuable metals released from the ash on its
first exposure to water. The fate of these dissolved metals after their
1iberation from the ash can vary considerably, depending upon local hydrologic
flow regimes, the solubility of possible precipitates, and the presence of
adsorbents, reductants, etc., which act as traps for dissolved material. - -
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TABLE 10 Comparison of elemental concentrations in water leachates with reported "safe" levels

for natural waters

Reported "safe" levels (mg/l)1

Maximum average

Drinking Aquatic concent ration (mg/l)2
" Element water Livestock Life Plants in water leachates
Cd 0.01 0.05 0.003 0.014
Pb 0.05 0.1 0.03 0.026
Cu 1.0 0.011 0.39
~In 5.0 0.18 1.4
Ba 1.0 0.17
B 0.75 0.27
F 0.8 5.0 7.2

1From Water Quality Criteria,
2From Table 7.

1972, and Gough

et al., 1979.



TABLE 113 Estimated metric tons of element released by first water rinse of
0.2 km” of freshly erupted air-fall ash with similar composition and
leaching characteristics of Fuego, Pacaya, and Santiagquito ash

Element Estimated metric tons released
Fuego Pacaya ‘Santiaquito

Al ' 1,200 2,700 1,400

B 20 13 240
Ba 65 150 28
Ca 90,000 43,600 134,000
Cd 1.7 7.9 1.5
Cl 25,000 35,300 43,400
Co 0.77 1.6 29
Cu 72 280 ' 340

F 4,600 6,300 3,100
Fe 450 600 350
Lj 8.4 0.75 88
Mg 5,500 4,400 20,600
Mn 330 220 3,400
Na 28,000 _ 34,900 64,800
Pb 23 3.1 2.1
Si 740 990 7,800
Sr, 440 360 310

U 0.22 0.017 0.27
Vv - 15 5.3 8.7
Zn 33 1,200 450

*The amount of U released from Fuego, Pacaya, and Santiaquito approximately
equals deposits containing 570, 44, and 700 pounds U30g, respectively
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Only a small percentage (generally less than 0.1%) of the total U in the
ash was released by the water and acid rinses. The largest percentage
(approximately 1%) of U was removed during the carbonate-bicarbonate leach
designed to produce dissolution of volcanic glass. Thus, in evaluating U
source rocks, a volcanic ash showing evidence of extensive dissolution and/or
alteration of glass shards should be considered a better source than volcanics
with abundant unaltered glass.

Other elements which are preferentially removed during the carbonate-
bicarbonate leach of volcanic ash include Si, Li, and V. Association of these
elements with sedimentary U enrichment in or near tuffaceous rocks arques for
a volcanic source.

Si and U have been found associated as uraniferous opal and chalcedony in
tuffaceous sedimentary rocks (Davis and Hetland, 1956; Staatz and Bauer, 1951;
Love, 1970; Lindsey, 1978). Zielinski (1977) noted that during experimental
open-system leaching of rhyolitic glass shards by alkaline solution, U was
released by a mechanism of glass dissolution. According to a proposed model,
U and silica dissolved from volcanic glass are coprecipitated as a uraniferous
silica gel in areas where ground water becomes supersaturated with silica
(Zielinski, 1980).

U deposits associated with possible volcanic sources may also be
associated with Li-rich clays (Lindsey et al., 1973; Lindsey, 1975;
Glanzman et al., 1978). Experimental leaching studies of rhyolite glass
showed tha Li was released at a greater rate than either silica or U
(Zielinski, 1977). Release of Li during glass hydration and dissolution may
explain the common occurrence of Li deposits in closed basins surrounded by
volcanic highlands (Heinrich, 1974; Vine, 1975) and the abnormally Tow Li
content (<20 ppm) of some rhyolite glass shards from tuffaceous sediments
(Zielinski, 1977). :

V is commonly associated with U as various uranyl vanadate minerals in
the sedimentary U-V ores of the Colorado Plateau (Finch, 1967; Motica,
1968). In this region, there are important deposits in tuffaceous sandstones
and in sandstones which are closely associated with volcanic ash or its
alteration products (Finch, 1967). The U-Y ratio from U deposits in the
Jurassic Morrison Formation of the Colorado Plateau range from 0.025 to 2
(Dodd, 1956). The average U-V concentration ratio in the carbonate-
bicarbonate leachate of the studied basaltic ash (Fuego and Pacaya) is
0.0053. Apparently, glass of basaltic composition cannot be the only source
of the U.in such deposits, or significant fractionation of U and V took place
during transport and deposition. In contrast, the ratio of U to V in
carbonate-bicarbonate leachates of dacitic ash (Santiagquito), 0.040-0.071, and
the historic "rhyolites", 0.010->1.6 (Table 12), indicate that glass in these
samples releases U and V in ratios similar to those found in Colorado Plateau
U ore.

39



TABLE 12 \Uranium/vanadium ratios in carbonate-bicarbonate leachates of
historic "rhyolites"

~ "Rhyolite" Uranium/Vanadium ratio
Katmai _ >0.067
Mt. St. Helens--W 0.019
Mt. St. Helens--T 0.024
Medicine Lake >0.10
Mono Craters >1.6

Vanadium concentration in Katmai, Medicine Lake, and Mono Craters samples was
below blank level. For these samples, the detection limit (Tahle 5) of
vanadium was used to calculate the above ratios. These numbers are preceded
by a "greater than" (>) symbol. -
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The freshly erupted volcanics of this study have a low U content
(0.19-1.5 ppm) compared to rhyolites and granites which average approximately
5 ppm U (Rogers and Adams, 1967). Unfortunately no freshly erupted rhyolites
were available for study. Data from leaching of historically erupted
rhyolites indicate that present removal of U is accentuated by processes which
promote glass dissolution, as evidenced by the very small amounts of most
constituents removed in the water and acid rinses and by the high amounts of
silica and U mobilized by the carbonate-bicarbonate leach. The minimum amount
of U removed during initial washing of freshly erupted rhyolite may be
estimated using the carbonate-bicarbonate leach data for historic
“rhyolites". The estimate is calculated by assuming that the relative amounts
of U lost during initial washing and subsequent carhonate-bicarbonate leach
are the same as for the basaltic and dacitic ashes studied. By this
reasoning, about ten times more U would be released from a freshly erupted
rhyolite than from a freshly erupted basaltic ash. Calculated percentages of
U leached during initial water rinsing (approximately 0.1%) are not very
different from the values for more mafic material because rhyolite contains
about ten times as much U as basalt or dacite.

Undoubtedly, the above estimate for rhyolites is an oversimplification in
that it is an average of a highly variable population. Rhyolites represent
highly evolved magmas, and it is reasonable to expect that they will be quite
variable in their trace-element chemistry. The fact that trace-element
fingerprinting of obsidian and ash is such a successful technique shows this
well (Cann and Renfrew, 1964; Borchardt et al., 1971; Howorth and Rankin,
1975; Hahn, 1976). Given the reported range of U content of rhyolites
(<1-30 ppm) (Coats, 1956), tenfold variations in the amount of U removed
during initial water rinsing of ash seems reasonable, even if the percent
leached remains constant. The percent leached during initial water rinsing of
rhyolitic ashes may also exceed the maximum value of 0.6% observed in the
studied bhasaltic and dacitic ashes. The high volatile content of rhyolite
magmas compared to more basic magmas is evidenced by the abundance and extent
of pyroclastic eruptives of rhyolitic composition. High volatile/ash ratios
during explosive rhyolitic volcanism may promote more extensive condensation
and adsorption of salts and acid gases.

If one assumes that as much as 1% of the total U contained in a typical
rhyolite ash (5 ppm U) is lost during initial water rinsing and that all of
this 1iberated U is precipitated, a degosit containing 10 tons U;0 could be
formed by rinsing approximately 2 x 10° tons %f ash. The estimated volume for
this weight (assuming 50% porosity) is 0.1 km” which is of similar magnitude
to the 1974 Fuego eruption. Obviously it is unrealistic to expect all
dissolved U to be concentrated into one deposit, so the estimate of the
required ash volume is a minimum which may be orders of magnitude too Tow.
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CONCLUSIONS

An experimental leaching study of freshly erupted basaltic and dacitic
volanic ash, unaffected by rain, and "rhyolitic" pumice from historic
eruptions has led to the following conclusions:

(1) Only about 0.1% of the total U contained in freshly erupted ash is
mobilized by initial water rinsing versus approximately 1% released during a
relatively short subsequent leach with alkline solution. This result
jindicates that gaseous transfer followed by fixation of soluble U species on
volcanic ash is not an important process affecting U mobility. U is
preferentially mobilized during dissolution and/or alteration of volcanic
glass.

(2) Calculations based upon the amount of U released during water and
carbonate-bicarbonate leaches of fresh basaltic ashes and carbonate-
bicarbonate leaches of historic "rhyolite" pumices indicate that the amount of
uranium released from a fresh rhyolite ash by the first water rinse may bhe
about ten times larger than that released by a basaltic-dacitic ash. The
percent of U released remains about 0.1%, however, because rhyolites contain
about ‘ten times more U than basalts. ’

(3) Leaching of ash in warm alkaline solutions chosen to preferentially
attack volcanic glass indicates that of the analyzed elements, Si,.U, Li, and
V show the greatest increase in dissolved concentrations. Apparently these
four elements are preferentially released by the dissolution of glass. This
process may be responsible for the association of V, Si, and Li with certain U
concentrations in nature.

(4) - In agreement with previous work, Na, Cl1, F, Ca, and Mg are the
predominant elements present in water leachates of freshly erupted ash. 1In
addition, this study has identified small but measurable quantities of Zn, Cu,
Cd, Pb, B, V. Li, U, Ba, Fe, Mn, Si, and Sr in these same leachates. The
water-soluble fraction of these elements probably exists as soluble salts
(primarily halides and sulfates) which result from the interaction of ash
particles with volcanic gas and acidic aerosols found in the eruption cloud.

(5) If the water/ash weight ratio during the first washing of the ash is
4:1 or lower, basaltic and dacitic ash can release sufficient quantities of
Cd, Cu, F, and Zn to cause short-term, ecologically harmful concentrations in
Tocal ground and/or surface water. ‘

(6) Likewise, the total amounts of Zn, Pb, V, Li, Cu, and U released
during initial washing of ash could be of potential economic importance if the
ash is deposited in a closed basin containing highly efficient traps for
dissolved elements.
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APPENRDLIYX I--TABLE 1

FURGH VOLCANU:  CHEMICAL COMPOSITION OF SAMPLES STUDIED

o e A = G v o =8 " = e o = T = L . e T P = = o = e o = - -

MAJUR ELEMENT QXINES (WT.1%)

S1U2 51.5 50.5 52.2 50.3 52.3 52.6 52.8 51.4 50.8
AL203 20,1 20.1 19.4 20.9 20.1 19.3 20.2 19.3 16.)
FE203 B.6 10.1 _ 9.4 9.5 ° 8.7 8.7 8.8 9.2 10.4

NGO 3.65 3.9 4.55 4.41 3.31 3.81 3.75 4.23 5.19
CAD J.1 7.9 8.7 10.1 8.1 9.5 9.2 9.1 8.7
NaZ0 3.9 3.5 3.4 3.5 3.8 1.1 3.7 3.6 Je5
K20 0.44 0.67 0.87 0.68 0.83 1.08 0.93 0.87 0.81
Tiu?2 0.7 0.98 0.7 0.95 U495, 0.83 0.8 0.73 0.38
TUTAL 78,22 99,85 99.22 100.34 93.69 99.92 100.18 .45 99.28
TRACE ELEMERTS (PPV)
LA 430. 430. 430. 360. 130, 54¢C. 420. 430. 430.
ch 600. 500. 600, 6400, 600. 300. 100. 500, 500,
co 27. 27. 27. 23. 27. 19. 27. 7. 27.
cuU 5. 6. 26. 90. 96. 120. 96. . 0.
F 100, 409. 500.. 400. 400, 490. 100. - 400. 400,
HN 1190. 1100, 1070. 1080. 1170. 1090. 1120, 1230. . 1260.
SR 540. 540, 540. 540. 540. 530. 540. 540. 540.
1 v.48 0.25 0.40 0.28 0.36 0.49 0.441 0.33 0.32
v 234, 178. 213. 204, 235. 154. 177. 209. 223.
N 105. 87.50 3. 75.00 92.50 37.50 35,00 57.50 35.90

SAMPLES 28-40 FKOM 10/14/74 PLLsE
SAMPLES 100-101 FROM 10/17/73 PULSE



APPEHNDIX I--TABLE 1 (COET'D)

FUFGU VOLCANKU:  CHEMICAL CUOMPOsTTIUN OF SAMPLES STUUIFD

MAJUR ELEMENT OXIDES (WT.%)

S1u2 50.70 49.99 47.00  49.20 51.10 52.20 54.70 51.60 52.20

AL203 18.80 18.80 17.60 18.80 20.10 19.60 19.90 19.20 18.90

Fi2U3 9.70 10.60 12.00 10.60 A. 90 92.70 .00 10.00 .90

MG 4.93 5.32 9.67 5.79 3.57 4.39 3.37 4.47 3.40

CAO 3.40 9.00 B.50 9.20 9.50 .10 8.80 9.10 H.40

HA20 3.50 3.40 2.60 3.00 3.50 3. 40 3.90 3.40 2.90

K20 0.92 0.72 0.50 0.63 0.78 0.74 0.95 0.77 0.87

T TIu2 0.96 0.93 0.75 0.93 0.43 0.85 0.73 0.95% 0.85
< mcmmes mmmmme | cmmmme eme———— mmm = memmme | mccmmm emme—e—= emm———
TOTAL . 97.03 94.07 98.62 98.15 98.28 99.98 100.35 99. 49 96.48

TRACE ELEMRUTS (PPH)

BA 430. 430. 299. 430. 430. 430. 430, 430. 520,
cL 700. 600. 300. 400. 500, 500. 600, 600. 400.
co 27. 27. 40. 27« 217. 27. 27. 27. 19.
cy 96. 0. 80. 6. 6. a6, 9. 6. 100.

F 400, 100. 400. 100. 100. 400. 400, 100. 100,
MN 1240. 1290. 1390. 1210. 1020. 1070. 1120. 1140. 1020,
SR 540. 620, 460. 540. 540. 540, 540, 540. 560.

1] 0.38 0.33 0.19 0.29 0.27 U.36 0.40 0.40 0.49

v 223. 249. 242. 2117. 116. 209. 121. 180. 13%.
i 47.5 5. 105. 2.5 33. 8. 39. 2. H8.

SAMPLES 306-314 CULLECTED FRON 10/13-17/74 PULSE; SAMPLES 167-169 COLLECTED FROM 10,23/74
PULSE; SAMPLE 6 COLLSCTED 2/24/773; SAMPLE Z-2 COLLFCTED 2/28/73-3/17/77%; SAMPLE 44
CULLECTED 3/1/73; SAMPLE Z-4 COLLECTED 3/1-2/73; SAMPLE B-S CULLWCTEDR 3/23/73.
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APPENDIX 1--TABLE 2

PACAYA VOLCANU: CHEMICAL CUMPOSITION OF SAMPLES STUDLED

MAJOR ELEMENT UXIDES (WT.3%)

S102 50.3 18.5 49.6 48.6 50.8 54.8 51.6
AL2u3 20.5 18.9 18.9 18.9 18.8 19.1 19.3
FE2U3 10.9 10.9 10.56 10.6 10.0 11.1 10.0

NGO 3.96 4.1 4.01 1.56 3.698 4.] 1.19

CA0Q 8.9 8.5 9.1 8.8 9.5 9.0 8.8
NA2D 3.8 3.7 3.9 3.7 J.6 3.7 3.7

K20 0.93 0.92 0.81 0.87 0.87 0.81 0.83

TIO2 1.03 1.16 1.1 1.2 1.0 1.35 1.05
TOTAL 100.32 96.6 98.02 97.23 98.25 104.16 99.47
TRACE ELEMENTS (PPM)

BHA 490. 490. 490, 4950, 490. 490. 490.

- CL 600, 100, 100, 600. 1300. 600, - 600.
co - 24. 24. . 24. 24. 24. 24. 24.
cu 90. 0. 90. 90. 90. 90. 90.

F 400. 500. 400, 400, 500. 100. 500.
AR 1430. 1440. 1360. 1410. 1320. 1420. 1410.
SR 530. 530. 530. 530. 530. 530. 530.

1] 0.65 0.65 0.45 0.54 0.62 0.64 0.55
-V 265. 254. 224. 244. 214, 253. 259,
Zi 100. 100. 100. 100. 100. 100. 100.

SAMPLE 2 COLLECTED 2/14/74, SAMPLE 3 COLLECTED 2/20/74, SAMPLE 4 COLLECTFD
2/21/74, SAMPLE S COLLECTED 37/18/74, S5AMPLE VP5 COLLECTED 3/18/74, SAHPLE
7 CULLECTED 4/3/74, SAMPLE 9 COLLECTED 4/7/74.



APPENDIX [--TABLE 3

SAHTIAGUITU V3LCANG:
ChIMICAL COMPUSITION OF SAMPLES STUDIE

«©

- D D D e > WD Dy S . . D e D D o — S m A R A A, A - > M R - - - - — -
p-pdp =Rt s g~ e et g G g e P e P P e o

14J0R ELTXENT OXIDES (4T.%)

SI02 © . 63.45 63.45 63+45 53.45 £3.45S

AL 2033 153.94 16.94 10.94 16.94 16.94
FL2063 . 2427 2.217 2427 2.27 2.27
FE0 2.56 2.5¢ 2.56 2.56 2.58
MGT . 1.37 1.37 1.87 1.87 1.37
Cad 5.03 5.03 5.03 5.03 5.03
tA20 4.51 4.91 4.91 4.91 2.91
K23 1.59 1.59 1.59 1.59 1.39
TIC o 0.47 C.47 0.47 0.47 0.47
TITA 95.09 99,07 99.09 99,05 35.069

TRACE HLEZHMERTS (2PY)

31 560. 369, 85U . 860. 360,
cL 403, 400. 506G 400. 340,
':3 51 60 6- 6- 60
cy 15. 15. 13. 13, 15,

s 30¢. 4390, 20U . $0C. 700.
My 12GC5. 1350, 1119, i12¢. 154C.
Y 400, 400, 470, 4790, 4745,

U ‘0092 loo 0093 0090 0091

v 93. 119. i62. 12a. 150.
Zx 60, 0l. oJ. 60. £0.

A D P P M D D D A D D D D S D S -

2 1 COLLz=CT=ID 2/75, SaxPLZ 2 COLLZCTED 3/73,
4PLE 3 COLLECTED 1/75, s5AsPLE 4 COLLECTED 2/7o,
2 1123 CQLLZCTED 7/21/¢7



APPENDIX T--TABLE

b

FRISHLY ZRUPTED BOM3 FRAGH
CHZMICAL CUMPUSITICH OF SAMPLES

. D i —— - — - - > S i . " " ——— —
p—p-— =it it St e el i i

MAJOR ELEMENT DBXIDES (WT.s)

5182 £3.350 6120 49.10
AL 2G03 15.30 ‘15476 156.53
r2203 1.380 2,10 1.35

FZQ -3+ 30 3.3¢C 10,80
MGO 3430 3.1 4.656
CAQ 65.49 6.C4 8.15

hAZO 3-60 3150 4033

K23 1.C0 1.0¢ 1.98

TIO2 J.58 0.5¢ 2.44

TUTAL 99.5¢ 59.5¢ 33.96

TRACE ELENENTS (PrM)

34 400, 400. 350.
cL 300. - 1109. 390,
C3 146, 16. 17.
CU 20, 20 19.
13 400. 400. 1000,
52 300. 3G0. 330.
J J.74 023 1.5
¥ 14G. 140. E0.
N 50. £0. 10G.

AUSUSTINT VOLCANO, 1/26/76
ATGUSTIHT VOLCAXD, 2/5/76
SEISAZY, 6/3/70

w PO+
i



APPENDIX I-=-TA3LE >

HISTORIC "RHYULITES":
CHEMICAL CCOMPASITICN OF SAMPLES STUDILIED

. D WS DD AR D S R WD A OB D D D WP D D S D WD D D R D S A WD S D D WD D WD P WD A Em I S - -

> D —— A o Swt D W W WS D e e W A o WD D R . - W S M e b W G G S s WS S S
PR dpofpm oo et R e i e~ tnm g Rl iy

MAJOR ZLEMINT OXIDES (WT.3)

SIt2 75456 63.60 5750 73.15 75.41
AL203 12.15 17.00 15.20 13.61 12.73
F22063 0.49 1.8C 1.30 U.43 0.37

FZ92 032 3.2C 2.10 1.94 0.56
MG: 0.02 2426 0.99 .35 .10
CAd 0.97 4.80 3.50 1.543 0.55
A2 4.32 4.50 4430 402 3.50
X290 3.1l - 1.30 - 1.60 408 5.00

TIJ2 0.13 0.638 0.44 0.00 0.C0

TCTAL 93.72 93.0¢ 936.53 99.59 98.02

R 5490, 430. 230, 530. 30.
CL 300. 300. 500 500. 760
3 14, 15, 1 Ze e
cJ 5. 50. G £e Lo
F 400. 400. 400. 400, 700,
My 1100. 440, 149, 30C. 370,
SR 280. 370. 370. 130. 10.
5} 1.13 0.61 J.91 5437 .31
v 130. 30. 50. 2C. 19.
Zi 60. 40. 40. . 40. 40.
1 = KaTadl
2 = Mi. ST. HZLENS==-TEPHRA 521 T
3 = 4T. ST. HaLENS-=TEPHRA SET W
4 = MzDLCINE LAKE
5 = 4J4Nu CRATERS3
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APPENDIX I (Continued)

Ma jor element data obtained as follows:

Fuego and Pacaya: from W. I. Rose, Jr., written
communication.

Santiaguito: average of 19 analyses of Santiaguito
dacite from Rose et al. (1977).

Augustine: from D. A. Johnston, written communi-
cation.

Heimaey: estimated from analyses of 1973 eruptlves
by Thorarinsson et al. (1973).

Katmai: average of four analyses from Zies (1929).

Mt. St. Helens: from D. R. Mullineaux, written
_communication.

" Medicine Lake: from Anderson (1968).

Trace element data obtained as follows:

Mn, V, Ba, Co, Cu, and Sr analyzed by emission spec-
trometry on 14 samples (Fuego: 34, 100, 167, 314,
B-5; Pacaya: 5; Santiaguito: 1, 3; Augustlne
1/26/76 Heimaey; Katmai, Mt. St. Helens--W; Medi-
cine Lake; and Mono Craters. For the remaining
samples (except as noted), values listed for these
six elements are averages of similar rock types

from the 14 analyzed samples.

Mn and V values for all Fuego, Pacaya, and Santia-
guito samples determined by I.N.A.A. by D. B. Smith.

Cl and F analyzed by U.S.G.S. Analyticzl Labs.

U analyzed by delayed neutron technique by H. T.
Millard, Jr.

Zn values for 1974 Fuego samples from W. I. Rose,
Jr., written communication. Values for 1973 Fuego
material represent average of 1974 values. Zn con-
centrations for remaining samples estimated from
tables giving average composition of approprlate
rock types (Krauskopf, 1967).

(&3]
I



APPENDEX Il == TABLE 1A

FUEGO VOLCANO:
CUNCLNTRATLON (MG/L) OF ANALYZED FLEMENTS
IN WATER LEACHATES

L e e e o - Y - " T " = - = o’ S - =8 T - Y = - = A - = o = . = T " = 4 - — - - - - - ——— - — -

z9 32 R 34 40 100 1u} 102 104

AL 0.34 1.4 1.1 0.45 1.1 0.12 0.15 0.71 0.35

o 0.033 0.027 0.013 0.017 0.014 0.021 0.033 0.0036 0.0040
na 0.089 0.10 0.25 . 0.063 0.13 0.023 0.011 0.066 0.073
CA 150. 76. 62. 12. 260. 95 . 140, 120. 150.

Ch 0.010 0.0010 0.0014 - 0.0030 0.0040 - - 0.0022 ~
CcL 49. 51. 34. 5. 55. 3.6 12. 16. 30.

Ccv - 0.0082 - 0.0038 - 0.0044 - - -

cu : 0.056 0.C39 0.63 0.024 0.742 0.016 0,016 0.026 0.024
F 2.6 3.8 8.5 3.9 3.5 1.4 2.5 3.1 3.4

Fi 0.036 3.0 S.6 0.12 0.070 0.028 0.043 0.050 0.033
Ll 0,015 0.0010 0.018 0.0030 . 0.016 0.0050 0.013 0.0080 0.0090
MG 6.9 T.0 3.3 6.9 11. 6.0 8.3 ’ 1.5 6.1

Mis 0.53 0.53 0.78 0.36 0.63 0.15 0.14 0.27 0.19
N 16. 7. 29, 35. 45. 29, 13, 28. 37.

Py 0.019 - 0.039 - 0.24 0.090 - - 0.0040 0.090
Si 1.0 1.3 2.0 l.1 2.4 ja 2.9 1.9 1.8

Si 0.79 0.43 0.36 - 0.39 1.3 0.39 0.67 0.60 0.67

U 0.00070 0.00024 - - - - 0.00025 - -

v 0.0091 0.023 - - - U.032 0.026 0.017 0.016
7N 0.12 0.056 0.14 0.085 0.041 0.0030 0.0960 0.060 0.0040

- = BYLDW BLAYK LEVEL
SARHPLES 28-40 FRUM 10/714/74 PULSE
SAMIFLES 100-104 vrROM 1G6/17/74 PULSE



APPENDIX 11 -- TABLE 1A (CONT®D)

" FYEGU VOLCANO:
CONCERTRATLION (MG/L) DF ANALYZED ELEMENTS
IN WATER LEACHATES '

306 314 167 169 6 YA a4 7.4 B-5
AL 1.4 2.5 2.2 0.85 6.5 0.35 V.25 2.0 -

B 0.11 0.020 - - 0.015 0.0060 0.ut17 0.012 0.014
BA 0.080 0.094 . 0.036 0.077 0.023 0.020 0.051 0.036 0.033
CA 210. 110. 22. 63. 18. 54. 120. 57. 64.
cD 0.0015 0.0021 - 0.0014 0.0033 0.0038 0.0022 0.0016 - -

CL 54. 42.° 9.4 7.8 14. 20. 2. 318. 9.
Cu - - - - - - - - -
cu 0.051 0.058 0.049 0.011 0.11 0.023 0.053 0.043 0.071

F 5.9 8.3 4.4 4.4 22. 6.0 3.1 7.0 , 1.1

FE 0.080 0.12 0.12 0.035 0.040 0.10 0.11 0.051 0.11
LI 0.01 0.0050 - - 0.0020 0.0090 0.016 v.014 0.029
NG 1.7 3.7 1.1 1.9 1.8 2.5 3.8 2.2 5.5
M 0.48 0.33 0.090 0.059 0.21 0.25 0.60 6.37 0.58
NA 41. 33. 14. 11. 19. 29. 7. 18. 0.
Py - - - - - - - - 0.015
SI 1.8 1.6 0.75 0.93 1.0 1.2 1% 1.7 2.9
SR 0.85 0.56 0.11 0.30 0.097 0.24 V.59 0.29 0.43

U - - - - 0.00037 - - - -

v 0.013 0.023 0.021 0.019 v.012 0.014 0.u15% 0.010 0.018

Zil 0.031 0.024 0.010 0.015 0.032 0.012 0.0030 0.019 0.0090

- = BELOW BLANK LEVEL

SAMPLES 306-314 FROM 1G/19-19/74 PULSE; SAMPLES 167-169 FROM 10/23/74 PULSE;
SAMPLE 6 COLLZCTED 2/24/73; SAMPLE Z-2 COLLECTED 2/28/73-3/1/73; SAMPLE 44
COLLECTED 3/1/73; SAYFLE Z-4 COLLECTED 3/1/73-372/733 SAMPLE P-5 COLLECTED
3723/13.



CONCENTRATIUN (MG/L) OF ANALYZFD ELEM&NTS

APPENDLX II--TABLE 1B

PACAYA VOLCANO:

IN WATER LEACHATES

e e e > - = e e - = A - = = - 8 - A= S - AT % P A - - - - - —

LI
MG
Mu
NA
4]

0.0020
13.

0.10
11.
0.057

0.0020
5.1
0.14
411.
0.0070

N.D.

BELOW BLANX LEVEL

NOT DETERMINED

0.0070

34,
0.0038
0.59
8.4
0.67

5.0

0.27
31.

0.0010

0.0030

19.
0.35
5.4
1.1

2.5
0.17
23.

2.7
0.32
0.00012
0.9017
0.36

5.3
0.0080
0.17
32.
0.0033

19.

oo
o]

.3
.9
7

(521

2.4

0.17
21.

0.0020

2.1

0.0092
0.67

SAUPLE 2 CULLECTED 2/14/74, SAMPLE 3 COLLECTED 2/20/74, SAMPLE 4 CULLECTED 2/21/74,
SAMPLE 5 CULLECTED 3/18/74, SAMPLE VPS5 COLLECTED 3/18/74, SAMPLE 7 COLLECTED 4/3/74,
SAMPLE 9 COLLECTED 4/7/74



APPENDLIX Ii=-=-TABLE IC

. SANTLIAGUITO VULCANG:
COWCINTRATIAN (MG/L) IF ANALYZED ELEMZNTS
IN dATER LEACHATES

1 2 3 4 1123

AL - - 3.7 2.8 4.3

3 0.17 0.051 V.6083 0.057 d.58
3 0.0073 0.0083 0,357 0.037 0.3045
ca 56 47, 64, 49, 560,
ch U.0012 - 0.0033 0.C024 C.064
cL 66 63. £8. 20. 350,
¢3S 0.0050 °  0.0053 0.0033 - 0.158
cn 0.13 0.055 Ve70 0.49 0.33
F 2.2 1.3 5.0 2.7 Sed
Fz - 0419 0.41 0.13 0.13 .2
LI J.00850 3.9050 GeQl5 0.018 d.47
AG 3.8 1.7 340 42 100,
MN Je.13 0.1 «37 0,41 23.

WA 15, 13. 33 14, 440
P8 v.012 - - - -
31 2.5 2.3 Jve75 0.93 2.3
SR J.11 2.046 0,30 0.24 i.1

4 - - - - G.ull3

\ U.9013 7.22¢0 90,3063 0.C0A1 -

ok 0.17 J.15 0.031 0.052 2.1

- — - - - S - > - - - —

= = 3ELod 3LANK LEVIL

SAMPLE 1 COLLECTEID 2775, 3AMPLE 2 COLLECTZD 3/73,
SAAPLE 3 COLLZCTED 1/75, 3AMPLI 4 CULLECTED 2/75,

SAMPLE 1123 CJLLECTED 7/21/67

ol
[Se]



APPERDIX II--TARLE 2A

FUEGO VULCALO:
CONCENIRATION (MG/L) OF ANALYZED FLFMENTS
[¥ ACLD LEACHATES

23 3: 13 34 40 100 101 102 104
Al 0.53 1.7 4.9 0.12 2.1 0.9077 0.016 0.54 0.70
| 0.012 - 0.022 - 0.0050 0.0010 0.0010 - -
BA 0.020 0.027 0.26 0.0078 0.090 0.0052 0.0674 0.024 0.029
CA 17. 6.6 39. 7.3 53. 13. L. a7. 34.
Ccb 0.0018 - - - - 0.0012 - ) - -
CL 1.3 2.1 3.3 3.0 3.0 1.0 1.5 0.80 1.5
co - - 0.011 - - - - - ' -
cu 0.014 0.080 0.22 ~ . 0.027 0.0069 0.00806 0.011 0.0030
¥ 1.4 1.7 2.1 1.5 2.2 0.67 0.85 1.5 1.9
Fi 0.030 0.10 6.1 0.011 0.13 0.070 1.4 0.023 0.025
L[ - - - - - v - - - -
MG 0.99 0.90 12. 0.74 0.90 1.0 1.3 i.0 1.1
M 0.12 0.11 0.79 0.050 0.11 0.024 0.064 0.11 0.059
HA 9.7 4.1 5.0 3.6 5.8 7.1 9.7 6.3 5.3
Py 0.011 ) - - - 0.040 0.019 - - -
Sl 2.1 1.6 1.3 1.4 2.6 3.2 3.6 2.2 2.3
SR 0.098 0.048 0.25 0.036 0.22 0.0%1 0.078 0.106 0.15
U - 0.00036 0.0018 0.00011 0.00032 0.00002 0.00031 - -
v - - - - - 0.045 0.0406 0.014 06.012
ZN 0.020 0.047 c.049 - 0.015% 0.0050 - 0.037 0.0040

- = HELDA BLANK LEVFEL
SAMPLES 20~-40 FRUM 10/14/74 PULSE
SAMPLES 100-104 FROM 10/17/74 PULSE
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APPENDLIX TE--TABLE 2R (CONT'D)

FUEGD VOLCANO:
CONCENTRATLIUN (MG/L) OF ANALYZED ELTMENTS
{N ACID LEACHATFES

306 314 167 169 6 Z-2 44 7-4 -5
AL 0.78 0.8t 1.0 1.1 3.0 0.33 0.050 5.7 -
13 0.015 - - - - - - - -
Ba . 04079 0.050 0.016 0.028 0.0091 0.0049 V.011 0.041 0.0061
CA 63. 19. 3.3 9.5 1.7 - 6.9 20. 13. 8.1
cD - - - - 0.0017 - - 0.0020 -
CL b0 J.6 0.20 - 1.3 - 2e3 1.5 2.1
cu - - - - - - 0.0053 - - -
cu 0.012 0.0090 v.018 0.013 0.046 0.025 0.ul1% 0.16 0.0090
Fo 3.2 3.0 1.1 1.9 6.3 2.9 1.8 7.1 0.66
Fis 0.123 0.1G 0.014 0.045 0.15 0.24 0.039 1.1 0.10
LI - - - - . - - - - -
ng 0.90 0.65 0.31 0.33 0.59 0.51 1.3 1.7 0.80
M 0.10 0.057 0.024 0.023 0.059 0.074 V.13 0.26 0.12
NA 4.9 1.1 2.0 2.4 3.4 3.8 6.1 7.2 6«3
Pl - 0.1b 0.012 - - 0.0060 - - -
51 2.2 1.6 1.3 1.3 2.0 1.9 2.3 Hed 3.2
SR 0.24 0.19 0.023 0.054 0.925 0.014 v.003 0.12 0.011
U 0.00050 - 0.00005 0.00005 - - - - -
v V.012 0.014 0.0049 - 0.012 - ©0.0066 0.015 v.012 0.010 0.012

i 0.015 - 0.9060 0.036 0.0040 0.040 v.u070 0.0456 0.0090

- = U4LOW BLANK LEVEL

SAMPLES 306-314 FRUM 10/18-19/74 PULSE; SAMPLES 167-169 FRUM 10/23/74 PULSE;
SAMPLE 6 COLLECTED 2/24/7773; SAMPLR Z-2 CULLRCTED 2/28/713-3/1/73; SAMPLE 44
COLLECTED 3/1/73; SAMPLE 7Z-4 COLLFCTED 3/1773-3727713; 5AUPLE £-% COLLECTED
3723/73.
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APPENDLIX 1I--TABLE 2B

: PACAYA VOLCAKO:
CONCENTRATIUN (MG/L) OF ANALYZED ELEMENTS
IN ACID LEACHATES

2 3 4 5 vP5 7 Y
AL 6.5 1.7 13. 11. 7.6 9.1 0.17
B - 0.0030 0.0070 - 0.0080 - -
BA 0.22 0.10 0.40 0.27 0.046 0.25 0.037
CA 114. 25, 21. 14. 9.6 11, 8.0
cb 0.012 0.0030 0.0023 - 0.0040 - -
CL 0.70 2.5 2.6 - 15. 0.40 1.5
cu - - 0.0056 - 0.0035 0.0035 -
cu 0.25 0.15 1.1 0.40 0.62 0.36 0.029
F 0.58 2.1 1.0 1.0 7.8 1.2 0.87
FE 4.5 0.19 4.5 3.5 0.23 2.8 0.068
L1 - - - - - - -
MG 3.1 2.0 4.6 2.9 2.1 2.3 0.80
Mid 0.18 0.18 0.28 0.14 0.19 0.14 0.079
WA 5.3 5.0 9.3 5.9 9.3 4.6 2.1
PG - - 0.070 N.D. - - N.Deo
Si 8.4 . 3.0 11. 9.3 2.7 7.5 1.3
Sk .12 0.21 0.21 0.11 0.071 0.095 0.058
u - - 0,00008 0.00014 - -
v 0.013 - 0.011 0.025 - 0.016 -
Zk 2.1 1.0 3.4 0.12 0.13 v.18 2.7

BELOW DLANK LEVEL

NeDo= [I0T DETERMINED

SAMPLY 2 CULLECTED 2/14/74, SAMPLE 3 COLLFCTED 2/20/74, SAMPLE 4 CULLECTED 2721774,
SAMPLE S CuLLECTED 3/18/774, SAMPLE VIS COULLFCTED 3/18/74, SAMPLE 7 COLLECIED 4/3/74,
SAMPLE 9 CULLECTED 4/7/714



APPENDIX Il=-=TABLE 2¢C

SANTIAGUITO YOLCANO:
CONCENTRATION (HMG/L) COF ANALYZED ELEMEARTS
I3 ACID LEZACHATSS

1 2 3 4 1123

AL - 0.12 “l.4 4.7 3.0

3 0.045 0.017 J.0050 0.010 0.50
3A 0.0038 0.01 0,013 C.ls G.0058
CA 25. 42, 5.3 16. 380.
cC veudl2 0.0010 - - -
CL 1.9 .20 0.20 1.3 32,
co - 0.0052 - - 0.0G2
cu 0.016 9.0193 Gol1 0.13 0.40
F 1.7 1.9 1.7 . 1.3 dev
% 0.054 3.6 0.065 0.24 2.0
LI - - - - J.295
4G l.0 1.9 037 0.57 21.

AN G.ll J.34 J.u74 .12 3.7
A 2.9 d.1 4.0 5.3 33.

23 2,010 - Vel ¢.038 -

SI 343 Se3 23 543 v
SR J.048 .12 G.033 0.07% 243

1y - - - -

K Je.012 0.052 - N.0uS6 Vel22
N U.033 1.2 G.915 2.825% Cech
= = 3ZLJ%W BLAGKX LEVEL

SAMELE 1 COLLICTID 2/73, SAMPLE 2 CILLECTEDR 3/75,

SAMPLE 3 CJILLECTED 1/76, SAMPLE 4 COLLECTED 2/75,

SAMPLE 1123 COLLECTZD 7/21/57

62



APPENDIX TI--TADLE 3A

FUEGD VOLCAND:
CUNCENTRATION (MG/L) OF ANALYZED FLENMEJTS
IN CARBUNATE-BICARBUMATE LEACHATES

2R 32 33 34 40 100 101 102 104
AL HoD. NeD. 4.4 NeD. N.D. N.D. N.D. n.D. B.D.
B 0.016 0.050 0.0040 0.076 0.072 0.11 0.076 0.069 0.068
BA S- - - - - : - - 0.0080 -
ch 0.25 0.57 0.35 0.54 0.95 1.6 1.0 1.0 1.0
€L - - - - - - - - -
cL 1.2 0.90 0.60 0.40 1.0 1.7 1.4 1.1 1.3
cu - - - - - - - - -

Ccu 0.090 0.063 0.020 0.065 0.16 0.52 0.40 0.30 0.20
¥ 4.7 9.1 3.5 8.4 7.5 2.5 3.1 6.7 9.4
FL 0.15 0.46 0.91 0.17 0.30 0.45 0.54 0.44 0.50
L1 0.010 0.018 0.0020 0.010 0.032 0.052 0.050 0.036 0.018
MG - G.34 2.4 0.13 0.070 - 0.12 0.31 0.48
i - 0.0032 0.0060 0.0025 0.0018 0.0080 0,0062 0.0040 0.0015
NA N.D. teDo NoD.. Hal)a N.D. NeDe Nale NeD. NaDo

Pn - - ~0.0060 - - - - - -

51 19. 23. 22, 21. 18. 19. 16. 14. 1.

SR 0.0055  0.0032 0.0060 0,0052 0.014 0.027 0,020 0.016 0.017
U 0.0013 0.00090 0.0014 000090 0.0019 0.0044 0.0023 0.0021 0.0014

Ty 0.19 0.%2 0.18 0.24 0.61 0.66 0.58 0.43 0.37
7h - - ~0.0020 - 0,0030 0.073 0.0020 0.01% 0.018

- = BYLOW BLAYNX LEVEL
HelDo= HOT DETERMIMED
SAMPLES 28-40 FRuM 10/14/74 PULSE
SAMPLES 100-104 FRUM 10/17/74 PULSE



APPENDIX L1--TABLE 3A (CONTD)

FUEGO VULCANO:
CONCENTRATLON (MG/L) OF ANALYZED ELEMENTS
IN CARGONATE-BICARBOUMATE LEACHATES

o e e e e o = S B o . - T - = = - - - - - - - > .~ = T = - A AL = Y% A= . = . - = . = = = o = o e = e - = -

306 14 167 169 6 7-2 44 7-4 A=5
AL N.D. N.D. Hab. N.D. NaD. H.D. NeD. N.D. N.D.
B 0.051 0.016 0.11 0.062 0.010 0.030 0.020 0.01% 0.014
RA - - - - - - - - -
cA 0.47 0.54 1.0 0.51 0.66 1.0 0.75 1.0 1.4
cD - - - - - - - - -
CL 1.2 0.90 0.90 0.70 0.10 1.0 1.2 0.50 1.2
cn - .- - - - - - - -
cY 0.074 0.066 0.079 0.042 0.037 0.16 0.26 0.12 0.34
¥ 36. 14. 1.5 2.0 1.4 14, 5.3 19. 2.8
£ 0.25 0.29 0.97 0.12 0.39 0.38 0.37 0.217 0.29
L1 0.020 0.011 0.029 0.011 0.0020 0.015 0.045 0.015 0.066
' 0.26 0.34 0.26 0.050 0.22 0.29 G.24 0.51 0.13
M - - 0.0082 0.0032 0.0035 0.0025 - 0.0015 0.0018
A el H.D. R HeD. NeD. N.D. HeU NoD. KoD.
ry - - 0.61 0.80 - - - - -
SI 20. 22, 23. 21, 28. i5. 14. 1s. 7.5
SR 0.613 0.010 0.0060 0.0018 0.0030 0.019 0.013 0.017 0.016
u 0.00035 0.0C006 0.00050 0.00060 - 0.00050 0.9014 0.0010 0.0020
v 0.42 0.27 0.38 0.082 L 0.14 0.33 053 0.30 0.48
Zu 0.0020 - 0.23 0.35 - - - - -

= e -~ - e = - = - T = = A = e e

BELOW BLANK LEVEL

NeDo= NUT DETERRMINED

SAMPLES 306-314 FROM 10/18-19/774 PULSE; SAMPLES 167-169 FRUM 10/23/74 PULSE;
SAMPLE 6 COLLECTED 2/24/73; SAMPLE Z-2 CULLFCTED 2/2U/773-3/1/73; SAMPLE 44
COLLECTED 3/1/73; SAMPLE Z-4 CULLECTED 3/71/73-3/2/713; SAMPLYE B-5 COLLECTRD
3/23/173.
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APPENDIX II--TABLE 3B

PACAYA VOLCAMUD:
CONCENTRATIUN (MG/L) OF ANALYZED ELEMENTS
IN CARBONATE-BICARBONATE LEACHATFS

2 3 4 5 VP5 1 9

AL N.D. N.D« N.D. NeDo N.D. N.De. N.D.

8 0.019 0.010 0.0030 - 0.013 0.0040 0.0080
BA - 0.015 - - - - 06.0050
Ca 2.0 l.2 1.4 0.73 0.65 0.75 0.8%
co - - .= - - - -
cL 0.70 0.60 0.70 0.70 2.6 0.6 0.30
Cu - - - - - - -
cu - 0.18 0.44 0.30 0.12 ' 0.082 0.080 0.21

¥ 0.21 5.3 1.3 0.77 11. 0.93 1.8
Ft 0.35 0.27 0.38 0.27 0.11 0.42 0.2¢
Li 0.0020 0.010 0.0050 0.010 0.010 0.0070 0.0020
MG 0.13 0.33 0.26 0.46 0.52 0.43 0.16
MN 0.0015 0.0030 0.0040 - : 0.0022 0.0025 -

NA N.D, NeD. N.D. NeDeo N.D. N.D. N.D.

Pp - - - - - - -

51 22. 20. 26. 23. 3o. 25. 20.

SH 0.014 0.024 0.012 0.0032 0.0052 0.0045 06.015
) 0,00035 0.00070 0.00020 0.00020 0.00032 0.00017 0.00070
V 0.074 0.11 0.078 0.074 0.12 0.090 0.027

ZN 0.015 - 0.028 - - - 0.0070

. - = HELOW BLANK LEVEL
HeDo= NOT DETERMINED
SAMPL® 2 COLLECTED 2/14/74, SAMPLE 3 COLLECTED 2/20/74, SANPLE 4 COLLECTED 2/21/74,
SAMPLE S5 CULLECTED 3/18/74, SAMPLE VPS CULLECTED 3/18/74, SAMPLE 7 CUOLLECTED 4/3/74,
SAMPLY 9 COLLECTED 4/7/74



APPENDIX II=--TAZLE 3C

SANTIAGUITO YOLCANO:
CONCENTRATION

(MG/L) OF ANALYZZD ELEME
LN CARZINATE~BLCARBINATE LEZACHATES

tol

1 2 3 4 1123
al el NeDe dela HeDo 31.
5 liele NaDe J.076 0.0535 V.46
3A 3D VeDo 0.0089 0.0040 -
CA WeDao ieDe 248 1.6 0.74
co Nabe HeDa - - -
cL 2.1 3.5 1.l 1.0 7.0
c0 NeDe Nede - b -
cu velDo MeDe Je24 0.19 0.023%
3 0.0 3.1 2.3 1.1 13.
FE Neda Nade U.48 0.246 .29
LI NeDoa YeDo 0.13 0.12 0.17
MG deDoe eDe J.350 0,41 043
AN ieDe HeDo 0.053 0.027 6.00353
1A iieDo RIS N oD el el
°3 Wele HeDo - - -
31 13. 13, 13. 24, 7.5
S: HeDe 1eDe u.324 O.Gl‘ -
U Ue9010 0.9062 U.00%1 0.0032 D.90073
7 dede RPN Ue040 0.C45 0420
N dels iaDe .02 0.61¢9 U.0040
= = 3ELJW BLANK LEVZIL
NeDe= NOT DeTERMINED
SAMPLE L COLLZCTZID 2/75, 5A4PLIT 2 COLLECTID 3/7S,
SAMPLZ 3 COLLZCTZD 1/735, SAMPLE 4 COLLECTIS 2/76,

SaMeLz 1123 COLLECTED 7/21/57

£6



APPENDIX II--TA3LZ

47

- FRESHLY ERUPTED BOMB FRAGMENTS:
CONCENTRATION (MG/L) OF ANALYZIED ELEMENTS

IN AATER LEACHATDES
i 2 3 4
AL NeDo NeDe NeDo 0.88
3 0.050 2.079 0.025 0.04
BA U612 0.063 0.043 0.010
CA 110. 250, 19, 23.
co 0.0014 2,0024 - 0.0018
CcL 36 119. 3i. 13.
~C3 0.0049 0.0061 - -

Cy 0.74 1.0 0.29 0.022
F 1.1 1.3 1.3 19.

z 0.36 0.030 0.7% 1.7

LI 0.022 0.029 - G.025
MG 20. 4. 3.3 5.5
N G.68 2.33 0.15 0.39
NA 76, 130. 15, 30.

P3 - - - -
SI 6¢5 5.5 2.3 3.5

SR Je 37 0,33 0.16 0.031
y 3.00023 3.00¢C30 J.U0802 0.0G13
v 0.065 0.045 J.U1l3 -

% 0.030 .15 J.021 2.065
- = 3ELU4 3LALK LEVEL

NeDez= NUT DLTERMINED

1 = AUGUSTINE V3LCANT, 1/26/75, ME23d SIZE 20-150
2 = AUGUSTINZ VOLCANO, 1/26/76, 4i3H SIZZI <LEQ

3 = AUCUSTINE VGQLCAMD, 2/6/76, ¥#ZISH 3iZT 20-159
4 = <158

&7

HIIMAEY, 5/3/790,

HESH SIZE



APPENDIX [I-=-TABLE 45

FRZSHLY ERUPTSD BUMB FRAGMENTS:
CONCENTRATION (MG/L) OF AHALYZEZED ZLEMENTS
IN ACID LEACHATES

1 2 3 4
AL Nelo N.D. el .85
3 J.012 0.056 «013 C.C38
84A 0.14 0.12 Ua023 0.019
CA 22. 87. S5 40.
co - - 0.00390
cL 14, Z1l. 14. 10.
cy - - - 0.0044
cu V.16 J.54 34335 0.0020
s J.66 1.1 led i,
Fe 0.37 0.52 1.5 4.1
LI - 0.0019 - -
MG 249 9.3 2.5 5.8
MY 0.13 0.43 .19 1.4
NA 6.6 25, 1.3 2l.
Pa - - - -
SI 1.4 li. il. 15.
SR 0.074 2.30 dell .17
U - - - 0.05040
ki 0.051 0.052 3.0082 -
A 0.0030 0.049 Ja20060 2.0233
- = JEZLOW 3LAasK LIVEL
MeDo.= NOT DETERMINED
1 = AUSUSTINE VOLCALQ, 1/26/76, *ZSi 3IZE 20-130
2 = AUGUSTINE VGLCAND, 1/2f/70, M28d 312Z <159
3 = AGGUSTINE VOLCAud, 2/56/76, MESH SIZeE  20-130
4 = HELWAeY, K/5/790, 254 3172z <1359



APPENUIX LI-=-TAcLE 4C

FRESHLY ERUPTED BLM3 FRAGMENTS:
CIUCENTRATION (MG/L) OF ANALY2ZED ELEMENTS
I3 CARBUNATZI-ZICARBLONATE LZACHATES

1 2 3 t

ALl HeDa N.D. NeDo NJ.Co.

8 0.0060 0.022 2.018 0.025

34 - 0.0070 - -

CA 1.3 2.1 1.3 1.0

cD - - - -

CL 1.7 3.1 1.3 1.8

ca - - - -

C1 © Ce062 0.14 0.045 0.15
F .65 0.63 .34 13.

Fe "J.26 0.15 .52 0.34

LI 0.060 3.21 0.0079 ¢.05%

MG V.21 0.44 222 1.3

N - J0.0020 . 0.5020 -

REY Dede Yoo NeJde I I

] - J.030 Jde12 -

51 20, . 2. 25, 43.

SR 0.014 0.031 0.0089 0.00S5
iJ G.00083 0.3017 0.0034 0.CU30
v V.1l .24 - 0.04

N - - - -

- = BELJW BLANK LZIVEL

HeDa= NLT DETERMINED
1 = AUGUSTINE VGLCAND, 1/26/76, MESH SIZE 20-150
2 = AUGUSTINE VOLCANG, 1/26/76, “ME2SE 3ICE <15¢C
3 = AUGUSTINE VCLCALU, 2/6/76, #4754 SIZ" 20-1590
4 = HEIMAEY, 5/5/70, MESH S1Zz <130

69



APPFHDLX LL-~TARLE 5A

HISTURIC "RIYOLLITE® SANPLESS
COMCENIRATION (MG/L) OF AHALYZED FLYEMENTS IN WATER LitACHLTHS

KalHal "l. ST. HELE4S--W MT. ST. HELENS==T MEDICYIS Lavh MOED CHATERS
1 2 1 2 1 2 1 2 1
AL bel 6.8 14. 12. NoD. H.. 7.4 non., v.D. PO
n 0.012 0.0040 6.0010 0.011 0.014 0.001v 0.048 0.22" - 0.0090
bA 0.012 0.048 C.07%4 0.91 0.15 0.074 0.12 0.092 G.uny 0.026
CA 0. 20 5.0 7.9 11. 2.4 7.7 4.9 6.2 1.2 1.9
ch - - - - - 0.0013 0.0057 - 0.006% 0.0019 0.0020
CL 0.10 1.1 - 2.1 1.2 1.2 0.80 2.4 .46 1.9
cn - - 0.013 0.021 0.012 0.0040 - -~ - -
] 0.07% 0.063 0.11 0.13 0.33 0.24 0.025 0.017 0.040 0.061
F 1.2 0.75 .43 0.29 0.42 0.23 V.43 0.4 0.36 4.%
FF 0.41 0,75 1.3 1.5 1.2 2.3 1.7 1.2 V.48 0.37
LI - - - 0.00A0 - 0.0020 - 6.C420 0.0030 0.0060
1 0.030 0.920 il 3.9 0.33 1.2 1.6 2.5 0.C4v 0.090
"N 0.020 0.0u4 Godb 0.62 0.30 0.25 0.17 0.098 0.074 0.1%
1A b 7.5 10. 16. 10. a.l 3.6 7.3 4.2 it.
PR 0.014 - - - - - 0.14 0,023 0.006y -
ST 0.7 3.3 1.9 1.3 3.0 5.1 1.3 2.2 1.2 .4
5K 0.0073 0.023 0.043 0.076 0.043 0.073 0,022 0.028 G.011 0.014
it - - - - 0.0010 0.00633 0.00612 0.00010 0.0017 0.00020
v - - - - - 0.015 - - - -
“H 0.027 0.071 ALY 0.11 0.044 0,035 0.13 0.1 U.GY 0.3%

BELOY BLANK LEVEL
NUT DETERMIGRD
20-150 MEGH
150-325 MESH

.
* k=
.
[T



LL

2.5 . 5.6
0,914 0.026
V. J6 3.0
- 0.10
0.021 0.043
V.23 0.15
0. 41 0.52
- 0.17
0.0041 0.021
1.1 2.5
T ] 3.4
0,u021 0.015
0.6030 0.021

CURCERIRATLION

APPENDIX [

T--TAULE 41

HISTORIC "PHYGLAITHE" SAHELES

MTe 5Te HELEHS--d
2

0.30
0.0097
0.664
0.14
1.1

0.52
0.22
4.7

oo ow

W LJdy BLAIY LEVEL
NUT DETERMINED
20-150 BESH
150-325 1354

(MG/L) OF ANALY

¥Te ST

0.0033
0.11
V.28
0.52

0.0A0
0.13
3.7

5.1
0.032
0.00020

LuD ELEMEGTS

HELENS-=T

0.0018

.
:
1

ACID LEACUHATTY

MEDICTIEY, LaKL

1

0.256
0.046
3.9
0.056

0.79
0.0049
V.00016

0.0A2

2

0.017
0.0010

0,.00050

0.042

HUNg CRATERS
1 B

1.1
0.0026
0.00090

0.016

2

0.0.41
0.91
0.24

0.040
0.054
1.1

0.043

2.0
0.0u9¢
0.0012

G.092



APPENDLX [4--TARLE 5C

: HISTURIC "RIYOULITE'"™ SAMPLES:
CIHICENTRATINN (MG/L) OF AHALYZED ELEHTRUTS L4 CARUNUNATF-BICAPHNGALFR LiACHATES

KATHAL M1, ST. HELENG--W MT. ST. WELENS--T HUDICILE LAKE MiED CRATEES
- 2 1 2 1 b 1 2 1 2
Al teta Nl N.U. N.D. HeD. N.D. M.D. n.n. MDD, H I
] 0.029 0.0090 G.0080 0.029 . 0.033 0.014 0,034 0.0450 0.076 M.D.
tA - - - - - - - 0.0070 0.029 r.h.
cA Gty 6.60 1.5 1.6 0.845 0.85 1.1 1.3 G.51 r.l.
cp - - - - = - - - - MaD.
CL Y. 60 0.70 1.0 1.2 2.8 2.1 .80 1.8 1.5 [N (N
co - - 0.u12 - - - - - - F.n.
cu 0,060 0.990 0.070 0.17 0.041 0.082 0.038 0.043 0.029 F.b.
¥ U.5t 10. C.89 0.57 0.49 0.46 0.28 0.16 0.82 r.n.
FE V.36 0.17 6.0 0.11 0.11 0.18 0.25 0.17 0.1% M.,
LY 0. 050 0.084 0.13 0.28 0.053 0.061 0.040 0.11 0.952 r.b.
"G - 0.030 €.u70 - 0.2% 0.13 - 0.060 - L.D.
nn - - 0.025 - - 0.0032 V.0015 n.21 - E.D.
WA Nels [N NoD. .0, HeDa NeDoe toU. Y.D. N.D. Kb
rh - - - - - - - - - Hele
51 31, 1H, E.4 7.9 15. 19. 25. 1. Al NeDa
Sk U.0032 0.0025 0.0039 0.0090 0.0070 0.0070 0.0030 V. 016 0.015 NoD.
u G.00020 0.00037 U.0016 0.0019 0.001C 0.0016 0,00030 0.01¢ 0.0047 0.0053
v - - C.004 V.08 0.041 0.019 - n.olw - . NeD.
7N v.010 0.018 - - ©0.0020 - 0.00710 0.0690 0.0050 N,

SebLud RLANK LEVEL
NuT DETERATLED
20-1%50

150-325 “4ish

=
.
1=7
.
nououou



APPENDIX III--TABLE 1A

PE? CENT OF ELEMENT PEMOVED BY JATEP LEACH OF TUKGY #5Y

23 32 33 34 40 100 101 102 104

AL 0.0010 0.0050 0.015 0.0014 0.0038 0.00020 0.00030 0.0025 0.0011
B 2.6 2.2 1.0 1.4 1.1 1.7 2.6 0.24 0.32
DA 0.083 0.093 0.23 0.070 0.12 0.021 0.0238 0.061 0.068
Ca 0.92 0.43 0.40 0.40 1.7 0.56 0.8%5 0.74 0.97
Cb 20. 2.0 2.8 6.0 8.0 - - 4.4 -
cL J2. 4. 22. 30. 36. 12. 12. 13. 24.

cu -~ V.12 - - 0.065 - ' - - -
cu 0.23 0.16 2.6 0.11 0.18 0.053 0.067 0.11 0.10

F 2.6 J.8 6.9 3.9 3.5 1.4 2.5 3.1 3.4

FE 0.,00024 0.017 0,034 0.00072 0.00046 0.00018 0.0002¢8 0.00031 0.00018
LI 0.60 0.040 0.72 0.12 0.64 0.20 0.52 0.32 0.36
MG 0.13 0.13 0.12 0.10 0.22 0.10 0.15 0.071 0.078
M (US BL ¢.17 0. 29 0.13 0.22 0.059 0.0064 0.087 0.0690
KR 0.71 0454 0.4 0.55 0.61 0.37 0.63 0.43 Uo St
Fa 1.0 3.1 - 1. 7.2 - . - 032 7.2

BRI 0.0024 0.0022 0.0u33 0.0011 0.00139 0.0050 0,005 0.00.21 0.00239
S 0.5 0.32 0.27 0.29 0.36 0.27 0.50 0.4 050

U 0.58 0. 34 - - ; - - 0.23 - -

v 0.91%5 0.652 - : - - 0.0R3 0.04%9 0.033 0.029
P4 0.46 0.26 0.65 0.45 0.13 0.014

0.024 .42 0.017

e e o e = . - - A ——

- = HELOA BLAYK LEVEL
SAUPLES 28-40 FRuM 10/714/74 PULSE
SAMPLES 100-104 FRUM 10/17/74 PULSE
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APPENDIX TII--TABLE 1A (CUNT G)

PER CENT UF ELEMERT REMOVED BY WATER LYACH UF FURCO A

306 314 167 169 6 7-2 a4 7-4 B=5
AL 0.0049 0.0097 0.0091 0.0033 0.024 0.0014 0.00090 0.0077 -

B 9.0 1.6 - - 1.2 0.49 1.4 0.96 1.1
A 0.074 0.067 0.050 0.076 0.021 0.019 0.047 0.033 0.025
CA 1.3 0.68 0.14 0.41 0.11 0.33 u.76 0.35 0.43
ch 3.0 4.2 - 2.8 6.6 7.6 4.4 3.2 -
cL 33. 28. 12. 8.3 11. 16. 21. 25, 29.
co - - - - - - - - -
cu 0.21 - 0.26 0.24 0.049 0.46 0.096 0.22 0.18 0.28

3 5.9 8.3 4.4 T 4.4 22. 6.0 3.1 7.0 1.1
FE 0.00047 0.00065 0.00057 0.00020 0.00026 . 0.00059 0.00079 0.00029 0.0007}
LI 0.64 0.20 - - 0.080 0.36 V.64 0.56 1.2
MG 0.063 . 0.046 0.0096 0.023 0.033 0.038 0.i9 0.033 0.11
MN 0.15 0.10 0.026 0.021 0.082 0.093 0zl 0.13 0.23
NA 0.57 0.55 0430 0.22 0.29 0.28 U.48 0.45 0.44
PB - - - - - - - - 1.2
51 0.0030 0.0027 0.0014 0.0017 0.0017 0.0020 040029 0.0028 0.0047
SR 0.63 0.36 - 0.096 0.24 0.072 0.18 .44 .21 0.31
oy - - - - 0.55 - - - -

v 0.023 0.037 0.035 0.037 0.033 0.021 UL 0KO 0.022 0.652

ula 0.036 0.041

Zii 0.14 0.11 0.038 0.069 0.11 0.055 C.

= = BELOW OGLANK LEVEL

SAMPLES 306-314 FRUM 10/18-19/74 PULSE; SAMPLES 167-169 FROM 10/23/74 PULSE;
SAMPLE 6 CULLECTED 2/24/73; SAMPLE Z-2 COULLFCTED 2/28/713-3/71/73; SAMPLE 44
CILLECTED 3/1/773; SAMPLE 7-4 CULLRCTED 371/73-3/2/73; SAMPLE b-5 COLLFCTED
37237173,
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APPENDIX 11I--TABLE 18

PER CENT OF ELEMENT REMQVED BY WATER LEACH OF PACRYA ASH

2 3 4 5 VF5S 7 9

AL 0.016 0.0011 - 0.016 0.016 0.017 0.020 0.00040

B 1.4 1.3 1.4 0.080 2.2 0.64 1.4
RA 0.23 0.09% 0.16 0.20 0.090 0.14 0.073
CA 0.33 0.50 0.36 0.22 0.32 0.20 0.23
ch 64. 4.0 14. 6.0 28. 6.6 " 2.0
CL ‘8.5 24. 19. 12. 65. 12. 14.
cu - - 0.06) - 0.10 - 0.050
cu 1.1 0.44 2.6 1.6 2.1 1.7 0.16

F 1.3 8.8 8.4 5.4 7.1 6.9 4.5
FE 0.012 0.60029 0.0036 0.0059 0.00052 0.0039 -
LI - 0.080 - - 0.16 - -
MG 0.047 0.083 0.083 0.036 0.23 0.037 0.054
MN 0.050 0.C39 0.079 0.048 0.22 0.048 0.023
NA 0.31 0.<8 0.53 0.34 1.6 0.30 0.29
PB 0.88 0.%56 0.080 - - 0.16 tiel)e
St 0.0061 0.0017 0.0065 0.0047 0.0033 0.0042 0.0012
SR - 0.42 0.49 0.35 0.24 0.25 0.22 0.20

V - - - 0.089 - - -

v 0.014 - 0.014 0.028 - 0.014 -

YAl 19. 0.65 8.0 1.1 0.081 2.7 6.4

~ = BELOW BLANK LEVEL
N.D.= NOT DETEQMINED :
SAUPLE 2 CULLECTED 2/14/74, SAMPLE 3 CULLECTED 2/20/74, SAMPLE 4 CULLECTED 2/21/174,
SAMPLE S COLLECTED 3/14/74, SAWUPLE VPS COLLECTED 3/18/74, SAMPLE T COLLFCTED 4/3/74,
SAMPLE 9 COLLECTED 4/7/74.

67



APPENDIX LIL-=-TABLE IC’

PER CENT OF EZLEMENT REMOVED BY WATER LIACH OF SANTIAGUITO A3H

1 2 3 4 1122
AL - - d.016 0.012 .22

3 5.9 2.0 3.4 2.2 39.

BA 0G.0036 0.0033 0.027 0.040 0.0021
cA 0.62 0.52 G.73 0.55 6.2

Co 2.4 - 6.8 4.8 1238.

cL 63 63. S6. 20. 167,

ca 0.33 0435 (.23 - 10.

cl 3.5 1.5 22. 15. 1s.

F 2.2 1.3 5.7 2.7 3.3
Fe 0.0011 0.0046 0.0018 0.0015 6,013
L .15 0.10 0.31 0429 PR
4G 0.21 0.13 9.13 0.15 3.5
MN 0.G680 0.052 0.36 - 0.15 5.3
NA V.17 0.15 Veldb 0.15 1.7
29 0.43 - : - - -
st 0.0034 0.0037 0.0016C 0.0013 0.0032
SR V.1l 0.086 0.26 0.20 .34

U - ' - - - 0.36

v 0.056 0.373 0.018 0.019 -

ZN 1.1 1.9 Ue.56 0.35 14.

- = BELOJ 3LAMK LEVEL

SAMPLZ 1 COLLZCTSED 2/75, SAMPLZT 2 CGLLES
SaMPLE 3 COLLECTED 1/76, SAMPLE 4 COLLEC
SAMPLE 1123 CULLECTED 7/21/67.

76
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APPENDLY 1Ifi--TABLE 224

PER CENT UF ELEMENT REMOVED RY ACID LEACH OF FUEGU ASH

24 32 33 34 40 100 lut 102 104
AL 0.0021 0.6063 0.019 0.00050 0.0030 0.00040 ¢.00010 0.0022 0.0029
] 0.96 - 1.8 - 0.10 0.080 0.060 - -
Ba 0.019 0.025 0.24 0.0087 0.0841 0.0039 0.0069 0.022 0.027
CA 0.10 0.637 0.2% 0.039 0.34 0.077 0.10 0.23 0.22
Cb 3.6 - - - - 2.4 - - -
CL. 2.9 1.3 2.2 2.0 2.0 1.3 1.9 0.614 1.2
cu - - 0.16 - - - - - -
cu 0.058 0.33 0.92 - 0.11 0.020 0.033 0.046 0.012
F 1.4 1.7 1.3 1.5 2.2 0.67 0.45 i.% 1.9
FE 0.00020 0.00057 0.039 0.00007 0.00079 6.00046 0.00689 0.000114 0.00014
Ll - - - - - - - - -
MG 0.016 0.615 0.17 0.011 0.018 0.017 0.023 0.016 0.014
MN 0.039 0.03y 0.29 0.019 0.036 0.0088 0.023 0.0314 0.019
NA 0.14 V.052 - 0.070 0.045 - 0.072 0.084 0.13 0.084 0.071
PY 0.68 - - - 3.2 1.5 - - -
s 0.0040 0.0028 0.0070 0.0023 0.0042 0.0052 0.0059 0.0036 0.0039
SR 0.073 0.0306 0.19 0.027 0.16 ., 0.039 0.058 0.12 0.11
U - 0.58 1.8 0.16 0.36 0.016 0.2¢ - -
v - - - - - 0.12 0.10 0.027 0.022
ZN 0.076 0.21 0.22 - 0.065 0.023 - 0.26 0.017

. e e e - e~ 2 - - = - - — = = = o - -

- = BELOW BLANK LEVEL
SAMPLES 28-40 FRUM 10/14/74 PULSFE
SAMPLES 100-104 FRUM 1G/17/74 PULSE



APPENDIX ITI--TABLE 2A (CUMNT"D)

PER CENT OF ELEMENT REMOVED BY ACID LEACH UF FUEGD ASH

306 314 167 169 6 2-2 a4 74 B-5
AL 0.0030 0.0036 0.0045 0.0047 0.011 0.0013 0.00020  0.022 -
1 1.2 - - - - - - - -
AA 0.073 0.047 0.022 0.028 0.0085 0.0046 0.010 0.038 0.0047
CA ¢.33 0.12 0.022 0.062 0.028 0.042 0.13 0.080 0.054
cH - - - - 3.4 - - 1.0 -
cL 2.9 2.1 0.27 - 1.0 - 1.7 1.0 2.1
cu - - - - - 0.079 - - -
cu 0.050 0.040 0.090 - 0.058 0.19 0.10 0.062 0.67 0.036
F 3.2 3.0 1.1 1.9 6.3 2.9 1.9 7.1 0.66
Fi 0.00077  0.00054  0.00021  0.00026  0.00096  0.0015 0.00028  0,0061 0.00064
L1 - - - - - - - - -
"G 0.012 0.0081 0.0021 0.0040 0.011 0.0077 0.026 0.025 0.015
M 0.031 . 0.018 0.0069 0.0081 0.023 0.028 0.045 0.G50 0.045
NA 0.058 0.066 0.027 0.033 0.041 0.047 0076 0.097 0.081
P - 14. 0.96 - - 0.48 - - -
s1 0.0036 0.0028 0.0024 0.0024 0.0C34 0.0031 0.0036 0.0090 6.0052
SR 0.18 0.065 0.020 0.043 0.019 0.010 0.061 0.089 0.0079
v 0.53 - 0.11 0.74 - - - - -
v 0.022 0.022 0.015 0.024 0.018 0.029 0.040 0.022 0.035

7N 0.068 - 0.023 0.17 0.018 ) 0.18 0.032 0.21 0.041

e o e e e = e Y 4 - e e A

- = BELUAW BLANK LEVEL

SAMPLES 306-314 FRUM 10/18-19/74 PULSE; SAMPLES 167-169% FRUM 10/23/74 PULSL;
SAMPLE 6 COLLECTED 2/24/73; SAMPLE 2-2 CuLLECTED 2/28/73-3/1/73; SAMPLE 44
COLLECTED 3/1/73; SAMPLE Z-4 COLLECTED 3/1/73-3/2/73; SAMPLE B-5 COLLECTED
3723/73. . ’



APPENDIX ITI-~TABLE 28

PER CENT OF ELEMENT REMOVED BY ACID LEACH OF PACAYA AsSi

2 3 1 5 . VPS 7 9

AL 0.025 0.0069 0.049 0.043 0.029 0,035 0.00070
b - 0.24 0.56 - 0.64 - -
BA . 0.18 0.082 0.33 0.22 0.038 0.20 0.030
CA 0.087 0.16 0.17 0.088 0.057 0.067 0.051
ch 24, 6.0 4.6 - ) 8.0 - -
cL 0.47 1.4 1.5 - 4.5 0.217 1.0
ca - - 0.093 - 0.058 0.058 -
cu 1.1 0.67 4.8 1.8 2.8 1.6 0.13

F 0.58 2.2 4,0 1.0 6.2 1.2 0.70
FE 0.023 0.0010 0.024 0.019 0.,0013 0.014 0.00010
LI - - ‘- - - - -

MG 0.052 0.032 0.076 0.042 0.033 0.035 0.013
MN 0.049 0.049 0,081 0.040 0.056 0.028 0.021
NA 0.073 0.070 0.13 0.085 0.13 0.064 0.030
PB - - 5.6 N.D. - - N.Deo

Si 0.014 0.0054 0.019 0.016 0.0045 0.012 0.0022
SR 0.091 0.16 0.16 0.083 0.054 0.072 0.044
1 - - 0.071 0.10 - - -

v 0.020 - 0.020 0.041 - 0.025 -

ZN 8.4 4.0 14. 0.49 0.53 0.73 i1.

- = BELOW DLANK LEVEL
NeDo= NOT DETERMINED
SAMPLE 2 CULLECTED 2/14/74, SAMPLE 3 COLLECTED 2/20/74, SAMPLE 4 COLLECTED 2/21/74,
SAMPLE 5 COLLECTED 3/186/74, SANPLE VFS5 CULLECTED 3/18/74, SAMPLE COLLECTED 4/3/74,
SAMPLE 9 CULLECTED 4/7/74



APPENDIX iIl--TABLZ 2C

PZIR CLNT OF ZLZAMTJT REMGVED BY ACLD LEACH OF SANTIAGUITO asH

1 2 3 4 1123

AL - 9.00050  $.0082 0.020 9.14
3 1.3 0.68 0.37 V.40 20.
a4 9.0018 0.0055 0.0086 9.065 0.0032
A 3.29 9.47 0,067 0.18 343
¢o 2.4 2.0 - - -
cL 1.9 0420 9.16 1.9 1s.

co - 0.35 - - 1.5
cu 0.43 0.27 3.5 5.5 11.

£ 1.7 1.0 1.3 1.3 1.7
Fz 0.00061  0.040 6.00075  6.0027 0,022
L - - - - 1.9
uG 0.057 - 0.067 0.013 0.024 0.74
“ 0.035 0.13 0.933 0.045 0435
NA 0.032 0.044 . G.044 .C56 0.51
Pa 0440 - 0441 1.3 -

51 00045 0.2074 0.0031 0.0071 5.9927
32 3.044 9.12 04023 0.054 1.7

'J ) - - C - - -

v 94052 2418 - 0.621 -
2y Ue22 7.3 0.13 0.17 1.7

= 3ZLJIA 3LANK LEIVEL

AYPLZ 1 COLLZCTED 2/75, sAXPLE 2 CULLEZCTLD 3/75,
AMPLE 3 COLLZCTED 1/75, 3A4PLE 4 COLLECTED 2/75,
AMPLZ 1123 CALLECTED 7/21/87

ww
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APPENDIX 1I1--TA3RLE 3A

PER CENT UF ELEMENT REMOVED BY CARBUNATE-BICARBUNATE LEACH uF FULECU ASH

28 32 33 34 40 100 101 102 104

AL NoDo Ne.D. 0.17 NeDo N.D, N.D. N.D. N.D. N.D.

B 1.3 4.0 0.32 . 6.1 5.8 9.0 6.1 5.5 Se4

BA - - - - - - - 0.0074 -

Ca 0.0015 0.6032 0.0023 - 0.0036 0.0061 0.0091 0.0064 0.0055 0.0068
€D - -~ ~ - - - - - -

CL . 0.80 0.60 0.40 0.513 0.67 2.3 1.4 0.88 1.0

co - - = - - - - - -

cu 0.38 0.26 0.0083 0.29 0.67 1.7 1.7 1.2 0.83

F 4,7 9.2 2.9 8.4 7.6 2.5 3.1 6.8 9.4

FE 0.0010 0.0026 0.0055 0.0028 0.0025 0.0030 0.0035 0.0027 0.002y
L1 0.40 0.72 0.080 0.40 . 1.3 2.1 2.0 1.4 0.72
MG - 0.0058 0.035 - 0.0020 0.0014 - 0.0021 0.0049 0.0061
MN - 0.0012 0.0022 0.00090 0.00060 0.6029 0.0018 0.0010 0.00050
¥ N.De NeDe N.D. teDe N.D. N.D. N.D. HeDo N.D.
P - - 0.48 - - - - - -

51 - 0.032 0.039 0.031 0.036 0.030 0.030 0.026 0.023 0.035
Sk . 0.0041 0.0024 0.0044 0.0039 0.010 0.020 0.015 0.012 0.013

u 1.1 1.4 1.4 1.3 ’ 2.1 .6 2.1 2.5 1.6

v 0.32 0.49 0.34 0.47 1.0 1.7 1.3 0.82 0.66
Zh - - 0.0091 - . 0.013 0.33 0.909314 0.10 0.078

= BELOW BLANK LEVEL

NeDo= NOT DETERMINED

SAMPLES 28-40 FROM 10/14/74 PULSE
S5AMPLES 100-104 FRuU 10/17/74 PULSE
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APPENLIX III--TAPLE 3A (CONT'D)

PER CEN1 UF FLEMENT REMOVED BY CARBONATE-BICARBONATE LEACH JUF FUKGO ASH

J0o6 314 167 169 6 -2 14 -1 -5

AL NeDe N.D. N.D. N.De N.D. te.D. thalie N.De. HaDo

i 4.1 1.3 9.0 5.3 0.40 2.4 1.6 1.5 .

BA ~ - - - - - -

Ci 0.0028 0.0034 0.0069 0.0033 0.0039 0.0065 0.0048 0.0065 0.0090
cn - - - - - - - - -
CL 0.69 0.60 1.2 0.75 0.080 0.80 0.00 0.33 1.2
Cu - - - - - - - - -

(W) 0.31 0.29 0.40 0.19 0.1590 0.67 1.1 0.5 1.4

F 36. 14. 1.5 2.0 1.4 14. 5.4 18. 2.6

FE ) 0.0015 0.0010 0.0046 0.0024 0.0025 - 0.0022 0.u026 0.0015 0.0019
L1 0.40 0.44 1.2 0.47 0.080 0.6 2.0 0.69 2.6

"G 0.0035 0.0042 ° 0.0026 0.00060 0.0041 0.0044 0.0047 0.0076 0.0025
MAl - - 0.0023  0.0011 0.0014 0.00090 - - 0.00050 0.00079
HA H.D, N.D. N.D. HeD. N.D. N.D. Helio N.D. NeDo
Py - - 49, 61. - - - - -

s1 0.033 0.038 0.042 0.039 0.046 0.027 0.022 0.025 0.012
3R 0.0096 0.0065 0.0070 0.0014 0.0022 0.014 0.00%6 0.013 0.011%
v 0.37 0.073 1.1 0.38 - 0.56 l.d 1.0 1.6

v 0.75 0.43 0.63 0.16 0.38 0.63 1.8 0.67 1.4

2 0.0091 - 0.88 1.6 - - - -

26LN4 BLANK LEVEL

NeDe= NUT DETFRINED

SAMPLEs 306-314 FHuM 10/18-19/74 PULSE; SAMPLES 167-169 FRUM 10/23/74 PULSE;
SAMPLE 6 COLLFCTED 2/24/°13; SAMPLE 7-2 COLLECTED 2/28/73-3/1/773; SAMLE 44
COLLECT®D 3/1/73; SAMPLE 7-4 CULLECTED 3/1/773-3/2/13; SAMPLE B-% CULLECTED
3/23/13.
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APPENDIX 111--TABLE 3B

PER CENT OF ELEMENT REMOVFED BY CARBONATE-BICARBONATE LEACH
OF PACAYA ASH

2 3 4 5 vPs5 7 9
AL .0, N.D. N.D. N.D. M.D. N.D. N.D.

B 1.5 0.50 0.24 - 1.0 0.32 0.64
BA - 0.012 - - - - 0.0041
ca 0.012 0.0076 0.0089 0.0046 0.0038 0.0047 0.0054
co - - - - - - -
cL 0.417 0.34 0.40 0.47 0.80 0.24 0.20
co - - - - - - v -
cu 0.80 2.0 1.3 0.53 0.36 0.39 0.93

F 0.21 4.3 1.3 0.77 8.9 0.93 1.5
FE 0.0018 0.0014 0.0021 0.0015 0.0023 0.0022 0.0015
Li 0.080 0.40 0.20 0.40 0.40 0.29 0.080
MG 0.0022 0.0053 0.0043 0.0067 0.0094 0.0066 0.0025
ML 0.00040  0.00080 0.0012 - 0.00070 0.00070 -

NA N.D. NeD. N.D. N.U. N.D. N.D. N.D.
_PB - - - - - - -

s1 0.037 0.036 0.045 0.040 0.051 0.039 0.033

SK 0.011 0.014 0.0091 0.0024 . 0.0039 0.0034 0.011

U 0.022 0.43 0.18 0.15 0.21 0.11 0.51

v 0.11 0.17 0.14 0.12 0.22 0.14 0.042
I8 0.060 - 0.11 - - - 0.028

- = BELON BLANK LEVEL

NebDe= NOT DETERMINED

SAMPLE 2 COLLECTED 2/14/74, SAMPLE 3 COLLECTED 2/20/74, SAMPLE A1 COLLFCTED 2/21/74,
SANPLE S COLLECTED 3/18/74, SAMPLE VPS COLLECTED 3/18/74, SAMPLE 7 COLLECTULD 4/3/74,
SAMPLE 9 CULLECTED 4/7/74.



APPENDIX IILl=--TABLE 3C

PER CSnT QOF ZLEZMENT REMOVED BY CAR3BINATTE-BICARBONATE LZACH
OF SANTIAGUITY ASH .

1 2 3 4 1123

Al NeDo {eDe NeDo NeDe 1.4

8 NeDo HeDo 3.1 2.2 13.

8A NeDo NeDo 0.0033 0.90193 -

CA HeDo HeDe 0.6G29 0.018 6.00482
co fiele NeDo - -
CcL 2.1 3.5 0.30 1.0 3.3

cc NeDe NaDa - - -
cy el NeDo 7.5 3.1 0.77

F 53 3.1 244 1.1 Tes
cE NeDe Y.0. 0.0055 0.0025 0.0022
LI Nele NeDo 3.7 2.4 3.4
MG NeDo NeDo V.J13 0.015 0.G13
KK ieDe NeDo . 0.020 0.909% 0.00890
We NeDe NeDe Neliw HeDe Gele
P8 - - - - -

531 0.3025 2.017 Ued206 6.032 2.010
SR fiele HeDe 0.021 G.012 -

U 1.6 2.4 0033 i.4 3.3

v Neleo MeDe 0.12 .18 5.3

N Hels 3.0 J.13 0.13 Ve027

- = 3EL0W 3LAGK LaVEL
HeDo= NOT DETIRMINED
SAMPLE 1 COLLECTSL 2/7S, SAMPLZ 2 CAOLLECT=ZD 3/75,
SAMPLE J CILLZCT=D 1/76, SAMPLZ 4 COLLEICTED 2/76,
SAMPLEZ 1123 COLLECTZD 7/21/67.

84



APPENDIX III--1ABLE 44

PER CENT OF ELESMENT REMOVRED 3Y WATZIR LEACH
OF FRESHLY SRUPTED BuM3 FRAGHELTS

1 2 3 4
AL NeDe NeDo el 0.045
B 2.0 3.2 1.0 3.7
BA 0.12 0.0538 0.048 0.011
cA 0.87 2.0 Jedk 0,11
CcD 2.8 4.3 - 3.8
CL 43. 57. 1l. 25.
co U.031 0.0338 - -

CcT 15. - 20. 5.3 J.23
F 1.1 1.8 1.9 4.8 -
FE 0.0032 0.0007¢C 0.0074 0.C063
LI V.34 J.64 - .50
MG G.41 0.69 J.081 0.C79
wi 0.23 0.41 J.066 0.375
NA 1.2 1.3 9.25 0.63

PR - - - -

SI 0.0037 0.0375S 0.0631 0.01!
SR 0.49 ol vedl 0.233
u 0.12 0.16 0.9293 33
v 0.19 0.13 0.037 -
A .53 1.3 Geld J.25

- = 2ILU« BLALK Lavsl

NeDe= NOI DETERMINZID

-1 = AUGUSTINE VULCANA, 1/28/75, MZS8& SIZE 20-139
2 = AUSUSTINS VOGLCANG, 1/26/7€, 4ESH SIZE <150
3 = AUGUSTINI VOLCALD, 2/0/7%6, ¥ESH SIZE 20-150
4 = YZT4AZY, 6/5/73, ME3H SIZE K150



APPENDIX TIII--TABLE 43

PZR CENT OF ELEMENT REMOVED BY ACID LEACH
UF FRESHLY FRUPTZD ZOME FRACHINT

1 2 3 4
AL +eD. i.D. Nede 9,043
3 0.48 2.2 0452 3.0
34 0.14 0.12 0.023 9.021
cA .17 0.59 0.51 0.1y
o - - - 16.
cL 3.2 6.7 2.3 3.2
co - - - 3.026
cu 342 11. 0.70 94630
F 0.66 1.1 1.4 3.5
FE G.0033 0.0045 24015 0.017
LI - 0.020 - -
MG 0.046 0.15 0.054 9,057
M\ 0.073 0.18 0.0064 .27
NA Ge099 ).38 54673 ¢.013
1 - - -
51 04059 0.015 0.315 9,025
- SR Gel0 9.40 2415 9.2%
v - - - .11
v 0.id 0.14 0,223 -
A 053 9.33 0.040 0.23
- = 3zLGW 3LANYK LEVEL
%Dz NUT DETEXMINTD
1 = AUGUSIINT VOLCAND, 1/258/76, “428n SITE 20¢-15<
2 = AUGUSTINT VOLCAND, 1/26/76, 4E5H 3ILE <LSJ
3 = AUGUSTINS VOLCANC, 2/5/76, w234 sizg 20-158
4 = HIIMALY, 6/5/70, HE3H SlZe <130
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APPELDIX III--TAuli 4C

PER CENT OF

ZLEMENT REMUVED

3Y CARZGNATE~BIC2RBUNALIZ LIACH
GF FRESHLY ZRUPTEID B0M5 FRAGHMENTS

1 2 3 4

AL lieDe HeDe ieDa el o

3 0.24 0.%3 V.54 2.0
SA - 0.007) - -

A 0.0099 0.015 0.012 0.0045
<o - - - -

CcL UedS 1.8 0.99 2.4
(8301 - - - -

1] 1.2 2.3 Ue30 640

F V.65 .65 J.35 3.2
fS 0.0023 ¢.0013 0.0052 . 0.C014
ol Ly 1.2 3416 1.1
G 0.0032 C.2C09 J.0049 0.315
wN - 0.90080 d.00080 -

bA lieDe NeDo NeDo NaDde
P3 - 1.2 1.3 -

I 0.027 Ne217 Je03S G.07%3
5] Ue0LY 3,341 d.913 C.0387
5] Jes3 1.2 1e56 0.30
v 0431 .53 - Jeld

PR - - - -
- = BILOW 3LALK LzZYEL
NeDa= IRMIGFD
1 = YOLCAND, 1726775, HE 20=-133
2= AUSUSTINT VILCARO, L/26/76, *“&Sii SILE <10
3 = AUSUSTINT VOLCANT, 2/6/75, 4Z3i S{ZZ 20-13¢
4 = HZIMAZY, 6/5/79, #Fsd SIZE <139
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APPENDIX TII--TARLE A

PER CENT JF ELEMELT REPOVED BY WATEK LFACY OF HISTORIC “RNIYOLITE™ SakPLuS

KATMAL Mloe ST. tkLEMS--4 MT. 5T. IELELS--T MEDICING La¥s: HULY CPATERS
1 2 1 2 1 2 1 2 1 2
AL 0.03y 0.012 C.085 0.056 H.D. N.D. 0.040 N N.D. t.he

fl V.32 0.11 0.027 0.22 0.48 0.027 1.2 % - 0.24
LA V.01 0.036 0.077 0.74 0.12 0.077 9.049 0.038 1.2 0.35
CA 0,052 0.29 G.12 J.17 0.024 0.030 U.17 0.21 G.12 0.19
(] - - - - - 2.5 11, i7. ) 1.0
CL 0.040 0,44 - 1.7 0.60 0.60 .64 1.9 0.26 1.1
€0 - - 1.3 2.1 1.2 0.40 - - - ~
cu bHel 1.5 4.9 5.8 15. 11. 1.7 1.1 18. 1.

F 1.2 0.75 G.13 0.29 0.42 0.23 0.43 0.1 0.21 2.1
[ 0.016 0.028 0,029 0.023 0.013 0.0214 0.10 0.02% 0.023 0,021
L1 - - - 0.080 - 0.027 - 0.027 0.040 0.030
HG 0.067 2.0 .19 0.26 0.0097 0.036 G.29 0.1¢ 0.053 0.060
MN 0.ud73 0,931 .42 0.56 0.27 0.23 0.23 0.13 0.04) 0.16
NA 0.09Y 0,094 0.12 0.18 0.12 0.11 0.048 0.098 0.054 0.16
pn V.29 - - - - - 2.8 0.46 0.12 -
st U.00090 0.0037 0.0024 0.0053 0.0041 0.5C59 0.001% 0,0C25 0.0013 0.00621
51 0.010 0.040 0.016 0.002 0.046 0.079 0,068 0.086 0.94 0.56

" - - -~ - Q.60 0.22 0.0031 0.025% 0.09) G.012

v - - - - - 0.12 - - - -

Y 0.1 ©0.47 0.54 l.1 .44 0.35 1.3 17 0.50 3.5

RELuY BLANK LEVEL
HUT DETERUTILED
20-159 MTsU
190-375 “E3H

.

=

.
oo
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APPEUDLX TiI--FARLE 4R

PoR CENT b ELEMENT REMOVED BY ACID LEACH UF HISTORIC “KHYULITE" SAMPLES

RATMAL HTe STe HELENS-~W MT. ST. HELUNS--T MEDICINE LAKL MOty CRATHRS
2 1 2 1 2 1 ¢ 1 2
AL 0.01b6 0.039 0.027 0.036 ti.ne N.D. O.ull kele Hedde KD

B - - - - - - - 8,91 0.053 0.37
A 0.010 0.019 0.024 0.036 0.047 0.050 0.018 0.037 0.6 0.75
CaA 0.021 0.17 0.13 0.086 0.11 0.17 0.033 0.051 0.036 0.068
ch - - - - - - 2.4 - - -
cL - 0.040 0.16 0.24 - - - - 0.23 0.23
[W1] - - - 0.97 0.33 - - - - -

[M}] 1.4 2.9 1.5 2.8 1.3 1.4 1.1 1.1 4.8 16.

F U.23 0.15 0.29 0.14 0.28 0.23 ¢.0A0 g.0l0 - 0.52
FE G.012 0.020 v. 00932 0.017 0.0056 0.0061 0.056 0.091 0.017 0.016
LI - - - - - - - - - -

46 - 0.39 0.C29 0.035 0.0024 0.0090 0.0418 0.065 - 0.027
HN 0.0016 0.0376 0.14 0.20 0.11 0.13 0.061 e.079 0.021 0.058
WA 0.014 0.031 0.020 0.05) 0.044 0.0%0 0.052 0.032 0.C15 0.061
PR - - - - - - 1.1 0.806 - .06
51 0.00090 0.0039  0.€022 0.00338 0.0069 0.0078 0.,00090 0.0021 0.0012 0.0023
SR U.0030 0.021 0.021 0.027 0.035 0.06% 0.015 0.034 . 0.10 0.36

1] - - - - 0.13 - 0.010 0.033 0,052 0.070

v - - - - - - - - - -

N 0,020 0.14 0.11 0.44 - 0.0189 0.2 0.42 0.16 0.92

AELUY ALAKY LEVEL
NUT DETERMIUED
20-150 MESH
150-325 MESH

.

o

N
oo



APPENDIX III--TABLE 5C

PER CENT OF ELEMENT REMUVED BY CARBOKATE~BICARBUNATE LEACH OF HISTURIC "“KUYOLITE®™ SAMPLES

e e e e 0 = = = e e - = e = = 0 - > S e o o e B o o e T e o o = . = - e - - —

KATMAL MT. ST. HELENS--W MT. ST. NELENS--T MEDICINLE LAKE MONU CRATERS
1 2 1 ' 2 1 2 1 2 1 Pl

AL N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. H.D. L.D.
B 0.67 0.24 0.21 0.77 0.88 0.37 1.0 1.3 0.69 N.D.
Ba - - - - - - - 0.0029 0.32 N.D.
cA 0.015 0.035 0.023 0.024 0.0099 0.0099 0.036 0.043 0.052 N.D.
¢ . - - - - - - - - - N.D.
L 0.27 0.31 0.80 0.96 1.4 1.0 0.64 1.4 0.86 N.D.
co - - 1.2 - - - - - - N.D,
0 4.0 6.0 3.1 7.6 1.8 3.6 2.5 5.5 12. N.D.
F  0.51 9.9 0.88 0.57 0.49 0.46 0.28 0.16 0.47 N.n.
FE  0.014 0.0064 0.094 0.0017 0.0012 0.0019 0.0054 0.0037 0.0086 K.D.
LI- 0.67 1.1 1.7 3.7 0.71 0.41 0.53 1.5 0.69 b.b.
w MG - 0.067 0.0047 - 0.0075 0.0039 - 0.011 - N.D.
S MN - - 0.023 - - 0.0029 4.0020 0.28 - N0,
NA N.D. N.D. NeD« N.D. N.D. N.D. N.D. N.D. N.D. H.D.
PB - - - - - - - - - N.D.
51 0.034 0.020 0.011 0.010 0.020 0.025 0.029 0.039 0.069 N.D.
SR 0.0046 0.0036 0.0041 0.0097 0.0076 0.0076 0.025 0.049 0.60 B.D.
U 0.067 0.12 0.70 0.84 0.66 1.0 0.019 0.66 0.27 0.32
v - - 0.68 0.14 0.33 0.15 - 0.36 - N.D.
N 0.067 0.12 - - 0.020 - 0.070 0.090 0.060 N.D.

- = = BELOW BLANK LEVEL
N.D.= NUT DETERMINED ‘
1 = 20-150 MESH
2 = 150-325 MESH
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APPENDIX 1V--TABLE 1

AVERAGE PRR CENT 0OF ELEMENT REMOVED BY LEACHES OF FUEGO ASH

Tt = e e - D = " e - = o = e e > e e e e e . > " . T Y e - L A " —— - - - -

WATER LEACH ACID LEACH CARBONATE-BICARBUNATE
: LEACH
MEAN RANGE MEAN RANGE MEAN RANGE
Al 0.0051 0.0-0.024 0.0051 0.0-0.022 N.D. Nebo
B 1.8 0.24-9.0 0.24 0.0-1.8 3.9 0.32-9.0
B 0.069 0.019-0.2) 0.040 0.0039-0.24 0.00039 0.0-0.0074
CA 0.63 0.11-1.7 0,12 0.022-v.38 0.0053 0.0015-0.0091
cD 3.9 0.0-20. 0.82 0.0-4.0 - -
CL 23. 8.3-36. 1.4 0.0-2.9 0.79 0.0-2.3
co 0.013 0.0-0.12 0.013 0.0-0.16 - -
Ccy 0.34 0.049-2.6 0.20 0.0-0.92 0.64 0.083-1.7
F 5.2 1.1-22. 2.2 0.66-7.1 7.9 0.54-36.
FF 0.0031 0.00018-0.034 0.0035 0.00007-0.039 0.0026 0.0010-90.0055
LI 0.33 0.0-1.2 - - 0.94 U.0-2.6
MG 0.091 0.0096-0,22 0.023 0.0021-0.17 0.0050 0.0-0.035
HN 0.13 0.021-0.29 0.045 0.0069-0.29 0.0010 0.0-0.0029
NA 0.48 0.22-0.71 0.071 0.027-0.14 N.D. Nebeo
4] 2.1 0.0-19. 1.1 0.0-14, 6.0 0.0-64.
sl 0.0029 0.0014-0.0050 0.0041 0.0023-0.0090 0.031 0.012-0.042
5 0.37 0.072-C.96 0.072 0.0079-0.193 0.0084 0.00089-0.020
n 0.28 0.0-0.35 0.30 0.0-1.8 1.1 0.0-3.6
v 0.033 0.0-0.083 0.026 - 0.0-0.12 0.75 0.16-1.8
N 0.17 0.014-0.65 0.085 0.0-0.26 0.16 0.0-1.6

o ot s e o e - o = - > W = — e = - — e - — o = - - - ——

- = UBELUW BLANK LEVEL

D.= NOT DETERMIVED

0 = ELEHENT NOT FOUND IY ABDVE-BLANK CONCENTRATION FOR AT LEAST
UNE SAMPLE UF A GIVEK LFACH TYPE
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o o e S = = - . o - 8 A - . R o e . e A B A = = . = = SE . . e - . T = " - = — - > -

MG
MN
NA
PB

AVERAGE PER CENT

WATER LEACH

MEAN

RANGE

0.00040-0.020
0.030-2.2
0.073-0.23
0.20-0.50

0.0-0.16
0.036-0.23
0.028-0.22
0.29-1.6
0.0-0,8¢

0.0012-0.0065
0.20-0.49
0.0-0.089
0.0-0.023
0.65-19.

APPENDIX IV--TABLE 2

ACLD LEACH

MEAN RANGE
0.027 0.00070-0.049
0.21 0.0-0.61
0.15 0.030-0.33
0.097 0.051-0.17

. 6.1 0.0-24.
1.3 0.0-4.5
0.030 0.0-0.093
1.8 0.13-4.8
2.3 0.58-6.2
0.012 0.00040-0.024
0.041 0.013-0.076
0.018 0.021-0.081
0.083 0.030-0.13
0.93 0.0-5.6
0.0093 0.0022-0.019
0.095 0.044-0.16
0.024 0.0-0.10
6.C15 0.0-0.041
5.9 0.49-14.

BELOYW BLANK

= LEVEL
= NUT DETERMINED

FLEMENT NUT FOUND IN ABUVE-BLANK CUNCENTRATION FUR AT LEAST

ONE SAMPLE

OF A GIVEN LEACH TYPE

OF ELEMENT REMOVED BY LEACHES OF PACAYA AsSH

CARDUNATE-DRICARDUNATE

LEACH
MEAN RANGE
Nelo N.D.

0.64 0.0-1.5
0.0023 0.0-0,012
0.0067 0.0036-0.012
0.42 0.20-0.80
0.90 0.36-2.0

2.5 0.21-8.8
0.0018 0.0014-0.0023
0.26 0.050-0,40
0.0053 0.0022-0.0094
0.00054 0.0-0.0012
NeDe t.n.

0.040 0.043-0.051
0.0034 0.0021-0.018
0.23 0.022-0.51
013 0.042-0,22
0.028 0.0-0.11



APPENDIX Tv--TARLE 3

AVERAGE PER CENT UF ELFMFENT REMOVED BY LEACHES OF SAKTIAGUILO ASH

€6

WATER LEACH . ACID LERCH CARBUNATE-BICARBUKATY
Lracl
MEAN RANGE MEAN RANGE MEAN PAUGE
AL 0.0070 0.0-0.016 0.0067 0.0-0.020 N.D. n.b.
B 11. 2.0-39. 1.6 0.37-20. 7.9 2.2-18.
BaA 0.015 0.0021-0.040 0.017 0.0018-0.065 0.0019 0.0-0.0038
Ca 1.7 0.52-6.2 2.2 0.067-9.8 0.018 0.0082-0.029
cn 3.5 0.0-6.8 0.88 0.0-2.0 - -
CL 40. 20.-68. 1.0 0.16-1.9 1.9 0.90-3.%
co 2.2 0.0-13. 0.37 0.0-1.5 - -
cuy L1. 1.5-22. 4.1 0.27-11. 3.8 0.71-7.6
F 3.1 1.8-5.7 1.5 1.0-1.8 4.2 1.1-7.4
FE 0.0044 0.0011-0.013 0.013 0.00061-0.040 0.0035 0.0022~0.0055
Ll 2.0 0.10-9.4 0.38 0.0-1.9 3.2 2.4-3.17
{8 0.83 0.13-3.5 0.13 0.013-0.74 0.016 0.015-0.018
MN 1.3 0.052-5.9 0.24 0.033-0.95 0.010 0 0.00090-0.020
NA 0.79 0.15-3.1 0.085 0.032-0.25 NeDo N.D.
PR 0.096 0.0-0.48 0.46 0.0-1.5 - -
Sl 0.0025 0.0010-0.0037 0.0055 0.0031-0,0074 0.022 0.010-0.032
SR 0.32 0.086-0.94 0.39 0.029-1.7 0.011 0.0-0.021
7] 0.13 0.0-0.66 - - 2.6 0.93-4.6
v 0.033 0.0-0.016 0.17 0.021-0.59 1.9 0.12-5.3
AL 3.4 0.35-14. 2,0 0.10-7.9 0.11 0.027-0.13

- = HELUW BLANK LEVEL

D.= NUT DETERYINED )

0 = SLEMENT NOT FOUND [N ADNCVE-BLANMK CUNCENTRATION FOR AT LEAST
UNE SAMPLE OF A GIVEN LEACH TYPL



APPENDIX IV--TABLE 4

AVERAGE PER CENT OF ELFEMENT REMUVED RBY LEACHES 0OF BOMB FRAGMENTS

76

WATER LEACH ACID LFEACH CARBONATE-BICARNOKATF
: LEACH
MEAN RANGE MEAN. RANGFE MEAN KANGE
AL - 0.045 * 0.043 * NeDe- Nelo
B 2.5 1.0-3.7 1.6 0.49-3.0 0.94 0.24-2.9
DA 0.062 0.011-0,12 0.076 0.021-0.14 0.0018 0.0-u.0070
CA 1.9 0,11-2.0 0.39 0.17-0.69 0.011 0.0045-0.016
cbh 2.8 0.0-4.8 4.0 0.0-16. - -
CL 4. 11.-57. 3.8 2.3-6.7 1.4 0.069-2.4
Cl 0.017 0.0-0.038 0.0065 0.0~-0.026 - -
cu 10. 0.93-20. 3.7 0.080~-11. 2.7 0.90-6.0
F 2.4 l1.1-4.8 1.7 0.66-3.5 1.2 0.36~3.2
FE 0.0015 0.00070~0.0074 0.010 0.0033-0.017 0.0026 0.0013-0.0052
L1 0.43 0.0-0.68 0.0050 0,0-0.020 1.6 0.16-4,2
MG 0.32 0.079-0.69 0.087 0.046-0.15 0.0085 0.0033-0.019
M 0.21 0.066-0,41 0.15 0.064-0.27 0.00040 0.0-u.000R3D
dA 1.0 0.63-1.9 0.14 0.013-90,38 N.D. NeDo
PB - - - - 1.5 0.0-4.8
S1 0.0073 0.0031-G.0087 0.015 0.0059-0.026 0.038 0.ul7-0.075
SR 0.47 0.098-1.1 0.22 0.10-0.40 0.020 0.0067-0.041
u 0.16 0.0093-0.35 0.028 0.0-0.11 0.96 0.43-1.6
v 0.089 0.0-0.19 0.078 0.0-0.14 0.34 0.0-v.69
Zi 0.56 0.14-1.3 0.19 0.040-0.33 - -
* = DHLY ONE SAMPLE AWALYZFD
~ = HELUW BLANYX LEVEL
NeDle= NUT DETERMINED
0.0 = ELEMENT NUT FOUMD IN ADUVE-BLANKK CUNCEMNTRATION FOUR AT LEAST

OiF SAMPLE OF A GIVEN LEACH TYPE



APPENDIX IV--TADLE 5

AVERAGE PER CENT uF ELEMFAT REMOVED BY LEACUES UF HISTORIC “RHYULITES®

WATER LEACH ACID LEACH CARBONATF-BLICARBUNATE

W
wn

LEACH
ME AN RAHNGE MEAN RANGE MEAN RANGE

AL v. 01 0.038-0.06% 0.02% 0.011-0.036 N.D. N.D.

it 0.97 0.0-5.9 0.13 0.0-0.91 0.60 0.21-1.3

A 0.27 0.031~1.2 0.14 0.010-0.75 0.036 0.0-0.32

Ca 0.14 0.029-0.2y 0.088 0.021-0.17 0.028 0.0099-0.0%2
o 1.y 0.0-17. 0.24 0.0-2.4 - -

CL 0.73 0.0-1.9 0.090 0.0-0.24 0.45 0.27-1.4
cn 0.50 0.0-2.1 0.13 0.0-0.97 0.13 0.0-1.2

cu Y.l 1.1-24. 1.1 1.1-16. 5.1 1.8-12.

P G.71 0.21-2.1 0.19 0.0-0.52 1.5 0.16-9.1

FE 0.030 0.013-0.10 0.02% 0.0056-0.091 0.01% 0.0012-0.094
L 0.025 0.0-0. 060 - - 1.3 0.53-3.1

MG 0. 34 0.0029-2.0 0.0%9 0.0-0.34 0.010 0.0-0.067

My v.21 0.0073-0.56 0.001 0.0016-0.20 0.034 £.0~0,28

NA .11 0.049-0.1u 0.037 0.014-0.061 K.b. N.b.

Pis 0,37 0.0-2.8 0.26 0.0-1.1 - -

51 0.0031 0.00090-0.0069 0.0032 0.00090-0.0075 0.029 0.010-0.06Y
5k 0.1% 0.010-0.56 0.068 0.0030-0.36 0.079 0.0036-0.60
u 0.10 0.0-0.66 0.030 0.0-0.13 0.4 0.019-0.84
v 0.012 0.0-0.1z - - 0.19 0.0~0.68
o 1.0 0.18-3.5% 0.31 0.0-0.92 0.047 0.0-0.12

e e e e e o e . A+ P e = = e~ T o e A e p - - =~

H oo M

BeluWw BLANK LEVEL

NUT DETERMINED

ELEMEST NOT FOUND i ANLVE-BLANK CORCENTRATION FOR AT LEAST
NRE SAMPLE OF A GIVEN LEACH TYPLE



