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ABSTRACT

Analysis of sulfur and carbon abundances in 135 samples of fresh
Hawaiian basalts erupted subaerially during 1972-1975 indicates that
the different degassing behavior of sulfur and carbon volatiles and the
case of contamination by atmospheric carbon explain the different
relationships observed between the sulfur and carbon contents in the
samples and their density, flowage distance, and type of eruptive mate-
rial. Sulfur abundances range from 37 to over 15,000 pg/g (median
value 153 g/g); these values are lower by a factor of 4 to 6 than those
for submarine tholeiitic basalts. Decreases in sulfur abundance away
from the vent further document previous findings that sulfur is pro-
gressively lost by degassing during lava fountaining and flowage; the
greatest loss occurs within about 2 km of the active vent. Sulfur
abundance is best preserved in spatter (mean value 177 j.g/g) and more
depleted in pahochoe (mean value 152 pg/g) and aa (mean value 96 pg/
g) flows, a distribution controlled largely by increasing distance from
the vent. A weaker inverse relation was found between sulfur content
and relative sample density.

The carbon content measured in this study reflects the combined
contribution from the magmatic carbon (CO, dissolved in the basaltic
glass) and a nonmagmatic surficial component adsorbed after eruption
and even after sample collection. Total carbon abundances range from
11 to 1,099 ug/g; the median value (69 pg/g) falls within the range of
total carbon abundances reported for submarine basalts, but the value
range is considerably greater. This distribution is opposite from that
expected from a comparison between submarine (nondegassed) and
subaerial (degassed) samples; posteruption contamination by
atmospheric carbon is inferred to account for the wide dispersion in our
data. In contrast to the sulfur data, the carbon data show no systematic
relation of measured abundance to sample type, relative density, or
distance from the vent. Such an observation is compatible with recent
experimental and volcanic-gas studies that demonstrate extensive and
rapid loss of CO; from the magma during storage in Kilauea’s shallow
summit reservoir and at the onset of an eruption. Alternatively, this
absence of any recognizable degassing pattern for carbon volatiles
during lava fountaining and flowage could mean simply that any varia-
tions in magmatic carbon content are obscured by contamination-
caused variations in nonmagmatic carbon. Subsequent studies involving
stepwise combustion in the analytical procedure are required to deter-
mine the carbon budget for subaerial basalts.

INTRODUCTION

The sudden escape of volatiles from magma provides the
driving force for volcanic eruptions. Many investigations have been
conducted, therefore, of the distribution of volatiles, principally
water, sulfur, and carbon, in the gaseous and solid eruptive products
of volcanoes. Because of their high eruption frequency and good
accessibility, Kilauea and Mauna Loa Volcanoes on the Island of
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Hawan (fig. 31.1) have provided abundant materials for such
studies.

The staff of the Hawaiian Volcano Observatory (HVO)
systematically sampled, in time and space, the eruptive products of
the long-lived 1972—74 Mauna Ulu activity (Tilling and others,
chapter 16), as well as eruptive products of the following short-lived
activity: the July, September, and December 1974 Kilauea erup-
tions (Lockwood and others, chapter 19); the July 1975 eruption at
Mauna Loa summit (Lockwood and others, 1976); and the small
eruption at Kilauea summit triggered by the magnitude —7.2
Kalapana earthquake on November 29, 1975 (Tilling and others,
1976).

We have determined the total sulfur and carbon abundances in
135 selected samples from these events (tables 31.1-31.2) in an
attempt to describe their variation and to document any patterns of
volatile behavior during subaerial eruption. To the best of our
knowledge, the data set presented herein is the most comprehensive
obtained to date for subaerially erupted tholeiitic basalts. Problems
involving initial degassing, collection state of the samples, and ease
of sample contamination by atmospheric carbon (Des Marais and
Moore, 1984) combine to introduce a large degree of uncertainty in
interpretation of the data. Nonetheless, in this paper we note several
general systematic relations. The validity of these relations remains
to be tested by additional studies specifically designed to eliminate or
minimize posteruption carbon contamination by utilizing better con-
trolled field sampling, sample storage and preparation, and modified
analytical procedures.
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FiGURE 31.}.—Index map of Hawaii from Tilling and others (chapter 24) showing
the five volcanoes that make up the island. Elevation contours are in feet. The site
of the 1969-74 Mauna Ulu eruptions on Kilauea's upper east rift zone is also
shown. (For more details on the Mauna Ulu eruptions, see Tilling and others,
chapter 16).

ANALYTICAL METHODS

Sulfur and carbon abundances were determined in 127 samples
from the 1972-75 eruptions of Kilauea Volcano and 8 samples
from the 1975 Mauna Loa eruption. The analytical data, together
with pertinent information on the samples (location, type, relative
density, distance from the vent, and collection state), are given in
tables 31.1-31.2.

Measurements of total sulfur and carbon were made using a
LECO IR-32 sulfur analyzer and a LECO IR-12 carbon
analyzer following the procedures of Gibson and Moore (1973).
Powdered samples of approximately 300 mg were combusted in
oxygen at 1,800 °C, and the resulting SO, and CO, measured with
an infrared Luft-cell detector. Detection limits were 1 g sulfur or
carbon. Each sample was ground and divided into three parts that
were individually analyzed and the results averaged to provide the
reported sulfur and carbon abundances given in tables 31.1-31.2.
The accuracy of the sulfur and carbon analyzers were checked
against the National Bureau of Standards reference steel 55e (S:
110+10 pg/g; C: 112210 pg/g). The analytical uncertainty of
the determinations is estimated to be less than 10 percent of the
amount of S or C in the samples.

VOLCANISM IN HAWAII

The relative density of each sample was qualitatively assigned
after visual examination. Samples with very few or no vesicles were
designated as having a high relative density, and those with extremely
abundant or large vesicles were designated as having very low
relative density. Samples falling between these two extremes were
ranked as moderately high, moderate, moderately low, and low.

PREVIOUS WORK

During the past two decades, significant advances have been
made in the understanding of the distribution and the isotopic
compositions of volatiles in ocean-floor and Hawaiian basalts
(Moore and Fabbi, 1971; Moore and Schilling, 1973; Swanson
and Fabbi, 1973; Mathez, 1976; Javoy and others, 1978, 1982;
Muenow and others, 1979; Harris, 1981; Harris and Anderson,
1983; Des Marais and Moore, 1984; Kyser and O’Neil, 1984;
Mattey and others, 1984; Sakai and others, 1984). More recently,
complementary studies of the volcanic gases emitted at Hawaiian
volcanoes have made possible improved models of the magmatic
budgets of carbon and sulfur for the Kilauea and Mauna Loa
volcanic systems (Greenland, chapter 28, 1984, in press; Gerlach,
1980, 1982; Gerlach and Graeber 1985; Greenland and others,
1985, in press). Many of these studies have focused on estimations
of the juvenile contents of sulfur and carbon and their implications for
the abundance and occurrence of these elements in the magma source
regions. It is now well known that submarine basalts erupted under
conditions of great hydrostatic pressure are the least degassed, and
hence the measurements of their sulfur and carbon abundances most
closely approximate juvenile concentrations. Subaenally erupted
basalts are typically lower in total sulfur abundance than submarine
basalts because of the substantial degassing loss to the atmosphere
during fountaining at the vent and lava flowage (Moore and Fabbi,
1971; Gibson and Moore, 1974, fig. 5).

Des Marais and Moore (1984) have demonstrated that carbon
abundance in submarine basalt decreases with decreasing ocean
depth of eruption site. This relation reflects the increased solubility
of CO, in the melt at high pressure and the attendant greater
tendency for volatiles to escape from magma at shallow water depths
(that is, at lower confining pressure). Several recent studies (Des
Marais and Moore, 1984; Mattey and others, 1984; Sakai and
others, 1984) have shown that carbon typically occurs in three
forms: (1) posteruption carbon on sample surfaces (adsorbed gases,
organic matter, weathering coatings, and other nonmagmatic carbon
species acquired by the basaltic glasses); (2) magmatic carbon
dioxide trapped in vesicles; and (3) magmatic carbon dissolved in
basaltic glasses. For the 12 midocean basalts they analyzed, Des
Marais and Moore (1984) found that forms (1) and (3) provide the
bulk of the measured total carbon content. Furthermore, they
demonstrated that posteruption carbon can be easily acquired by the
sample, as evidenced by the 19 ug/g of surficial carbon yielded by
reanalysis of a sample exposed to the atmosphere for four days
following a previous analysis (maximum combustion temperatures

504 °C).
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We designed our study as a broad survey of the carbon and
sulfur abundances in Hawaiian tholeiitic basalts in order to build on
the earlier studies of Moore and Fabbi (1971), Swanson and Fabbi
(1973), and Swanson (1973) with the following general objectives:
(1) To obtain a larger data base for fresh subaerially erupted
Hawaiian basalts that have not been subjected to weathering; (2) to
examine the relation between volatile content and the different
materials produced during the course of an eruption; (3) to document
better the degassing behavior of sulfur and carbon during lava
fountaining and flowage; and (4) to detect changes, if any, in volatile
content of magma through time. We did not anticipate the magnitude
of the problem of sample contamination by atmospheric carbon
recently brought to light and the additional uncertainty in data
interpretation created by posteruption contamination effects. Despite
the difficulty in data interpretation presented by these factors, we
believe that it is useful to report our carbon data because they
constitute the best available data set for subaerial basalts obtained to
date.

DISTRIBUTION OF SULFUR AND CARBON
CONTENT IN DIFFERENT ERUPTIVE PRODUCTS

The gas content and degassing patterns of magma are some of
the primary controls on the morphology of lava flows (Swanson,
1973). In our study, spatter (near-vent) and pahoehoe and aa flows
were extensively sampled, but we did not differentiate between the
varieties of pahochoe (see, for example, Swanson, 1973) nor the
varieties transitional between pahoehoe and aa (see, for example,
Peterson and Tilling, 1980). Because these products have under-
gone different degassing histories and the lavas may have varied in
original volatile content, the eruptive products might be expected to
differ in measured sulfur and carbon contents.

To facilitate comparison of the data, which show great scatter,
we computed mean sulfur and carbon values according to sample
type for each of the eruptive episodes of Kilauea, for Kilauea
samples as a whole, and for the 1975 Mauna Loa eruption (tables
31.3-31.5). The small sample populations for many of the eruptive
episodes allow only a general comparison between the products of
the same episode. However, the mean values for aggregated Kilauea
data provide a better statistical basis for comparison.

On the basis of the aggregated Kilauea data, the mean sulfur
content of 177 pg/g for spatter is the highest, followed by 152 pg/g
for pahoehoe, and 96 p.g/g for aa. There are deviations from this
general pattern when the products of a single eruptive event are
compared, but these probably result from the small sample popula-
tions for most of the single events, as well as from the lumping of
pahoehoe varieties and the disregard of the transitional flow types
between pahoehoe and aa. Comparison of the products of the 1975
Mauna Loa eruption is hampered by a small sample population; the
one pahoehoe sample exceeds in sulfur content the mean for spatter,
but some individual spatter samples contain more sulfur than the
pahoehoe sample.

The time of formation and location of deposition of these three

eruptive products explain the general decrease in sulfur content from
spatter to pahoehoe to aa. Spatter, deposited by lava fountaining in
the vicinity of the active vent, commonly represents material ejected
early in the eruption or during more vigorous vent activity. Because
spatter is an air-quenched product, it undergoes minimal degassing
and thus retains a relatively high sulfur content. In contrast, the
pahoehoe and aa form lava streams that are continually degassing as
they advance from the vent.

Swanson (1973) documented numerous types of pahoehoe and
concluded that gas content and mode of flowage of the lava determine
the resultant morphology and gross texture. Different types of
pahoehoe were not differentiated in our study, but some of the
variations we found in sulfur content in the pahoehoe samples no
doubt reflect different morphologic types, distances from the vent,
and multiple phases of pahoehoe formation. The role of gas loss in
the transition from pahoehoe to aa has been debated. Pahoehoe is
generally regarded to be richer in gas than aa (see, for example,
Williams and McBirney, 1979). Swanson (1973), however, believed
that a higher rate of cooling, and not the loss of gases, causes the
transition from pahoehoe to aa. Others (Sparks and Pinkerton,
1978) have attributed aa formation to the high yield strength of lava
that has lost a significant amount of gas. Peterson and Tilling
(1980), though not directly addressing the issue of gas loss, pro-
posed that lava changes from pahochoe to aa once a certain critical
relation (the so-called transition threshold) between viscosity and
rate of shear is attained. In general, magma viscosity increases with
decreasing gas content, and we interpret the lower mean sulfur
values for aa to indicate that it had degassed to a greater extent than
the pahoehoe or spatter. This interpretation is consistent with the
observation that aa lava is predominantly found at the toe of an
advancing flow, hence farther from the vent, and so has had more
opportunity to degas than its associated pahoehoe lava.

The carbon values for spatter, pahoehoe, and aa show more
variation and, unlike the sulfur values do not exhibit any systematic
trend. Swanson and Fabbi (1973) similarly did not observe any
demonstrable trends in the behavior of carbon volatiles and sug-
gested that their analytical techniques were not precise enough to
detect small but possibly significant changes. However, the low
solubility of CO, in the melt and its tendency to degas rapidly before
or during eruption (see Greenland, chapter 28; Basaltic Volcanism
Study Project, 1981; Gerlach and Graeber, 1985; Greenland, in
press) may better explain the incoherent variation pattern for carbon
abundances. If indeed most of the CO, is lost by degassing during
storage in the shallow summit reservoir or immediately with the onset
of eruption, then products that formed later in the eruption and
flowage sequence would not on average contain noticeably less
carbon than those formed early in the eruption. Moreover, the great
range in carbon content within each category of material analyzed
and the slightly higher mean carbon value for pahoehoe than for
spatter, contrary to expected degassing behavior, probably also
reflect scatter in the data resulting from posteruption contamination
by atmospheric carbon. Given these great uncertainties, the dif-

ference between the mean carbon values for Kilauea aa (85 pg/g)
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TABLE 31.1.—Sulfur and carbon contents and other characteristics of selected lava samples from Kilauea Volcano

[For mest samples, the date given is both the date of eruption and the date of sample collection; where they differ, the collection date is given in parentheses. Relative density estimated by visual
mspection of sample vesicularity before crushing: H, high; MH, moderately high; M, moderate; ML, moderately low; L, low; VL, very low; *, density not estimated. Physical state of sample at
time of collection: S, salid; H, hot; W, warm; C, coel; L, liquid. Most spatter samples collected in the immediate vicinity of the vent; approximate distances from vent are given for other samples]

Sample Date erupted Material Relative Collection s Cc Distance Remarks
(Date collected) density state (ug/g) (ug/g) from vent

Mauna Ulu eruption (upper east rift zone), February 1972 - May 1973

MU272-2 2/8/72 Spatter M S,H 164 46 0 still glowing when
collected
MU272-3 2/9/72 Pahoehoe MH L 153 223 1 km Toe of active flow
MU272-16 2/27/72 Spatter M 5,1 182 270 0
MU372-23 3/18/72 Spatter L S,W 232 181 0
(3/19/72)
MU372-27 3/21/72 Pahoehoe ML L 170 245 20m
MU472-30 &/11/72 Pahoehoe L L 258 350 40 m Dipped from Alae
lava lake
MU472-32 4/14/72 Aa MH L 120 68 200 m Pasty, glowing core of
moving flow
MU472-33 3/18/72 Spatter ML 5,C 216 226 0
(4/14/72)
MU572-34 5/8/72 Pahoehoe VL L 299 561 0 Dipped from Alae lava
lake (air-quenched)
MU572-35 5/8/72 Pahoehoe VL L 163 114 0 Dipped from Alae lava
lake (water-
quenched)
MU572-39 5/23/72 Spatter MH S,H 189 94 0 Alae lava lake
MU672-41 6/1/72 Pahoehoe M S,H 301 112 0 N. rim overflow, Alae
lake
MU672-43 6/9/72 Spatter M S, W 162 119 Q0
MU772-47 1/11/72 Spatter MH 5,C 201 60 0
MU772-48 1/11/72 Pahoehoe M L 197 123 2 km Flowing from Alae
Mug72-51 8/4/72 Pahoehoe H L 105 54 2 km Makaopuhi Crater floor
MUB72-55 8/12/72 Pahoehoe, M L 132 68 2 km Liquid cooled on
spinose thermocouple tip
MU972-57 9/3-5/12 Spatter M s5,C 201 56 0
(9/5/72)
MU972-61 9/28/712 Pahoehoe H L 123 77 10 km Very viscous flow,
lava lake
MU1072-64 9/28/12 Stalactite and M S,H 15,025 68 1.5 km Edge of skylight,
10/13/72 wall glaze active tube
MU1072-65 10/16/72 Spatter MH S,W 227 115 0
(10/17/72)
MUL072-66a 10/25/72 Lava MH L 133 66 2 km Quenched; outside of
steel bucket; glassy
MU1072-66b 10/25/72 Lava M L 157 221 2 km Inside of bucket; more
slowly cooled
MU1172-68 11/7/72 Pahoehoe H L 153 36 3 km
MU1172-69 11/28/72 Pahoehoe M L 182 92 250 m
MUL1272-70 11/29-12/1/72 Spatter M 5,C 197 74 0
(12/1/72)
MU1272-74 12/14/72 Pahoehoe ML L 190 47 1 km
MUL173-76 1/9/73 Pahoehoe M L 102 107 245 km Temperature measured
MU173-77 1/9/73 Pahoehoe M L 100 84 3 km
MU173-78a 1/9/73 Aa H L 64 36 7.2 km Pasty, glowing core;
air-quenched
MU173-78b 1/9/73 Aa H L 57 68 742 km Water-quenched
MU173-79a 1/9/73 Pahoehoe M L 105 94 7 km Air-quenched
MU173-79b 1/9/73 Pahoehoe M L 92 83 7 km Water=-quenched
MU173-80 1/9-1/10/73 Spatter L S,W 166 157 0
(1/10/73)
MUl 73-89 1/31/73 Pahoehoe MH L 85 21 8 km
MU273-95 2/28/13 Pahoehoe H L 111 31 1 km Leaking from tumulus
Mu273-97 2/28/73 Pahoehoe H S,H 94 23 10 km S5-m depth sea
MU373-98 3/3/13 Pahoehoe H SyH 223 66 10 km Average S and C values
for entire sample
MU373-98a 389 67 Glassy rim, 1 cm thick
MU373-98b 157 92 2l-cm thick fine-
grained interior
MU373-98¢c 123 39 Glassy lower rim
MU373-99 3/4/13 Pahoehoe MH 5,H 120 24 10 km Collected in tide pool
MU373-101 3/6/73 Black sand * 5,C 121 53 10 km Newly formed
MU373-103 3/14/73 Spatter MH §,C 190 51 0
MU373-107 3/23/73 Pahoehoe H L 107 20 10 km Temperature measured
MU473-108 4/10/73 Spatter MH S,H 133 26 0
MU473-109 4/10/73 Pahoehoe M L 112 11 10 km Temperature measured
MUS73-111 5/1/73 Spatter M S,W 217 25 0
MU573-112 5/1/73 Pahoehoe M L 150 48 1.5 km
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TaBLE 31.1.—Sulfur and carbon contents and other characteristics of selected lava .sam;;lesfrm Kilaiea Volcano—Continued

[For most samples, the date given is both the date of eruption and the date of sample collection; where they differ, the collection date is given in parentheses. Relative density estimated by visual
inspection of sample vesicularity before crushing: H, high; MH, moderately high; M, moderate; ML, moderately low; L, low; VL, very low; *, density not estimated. Physical state of sample at
time of collection: S, solid; H, hot; W, warm; C, cool; L, liquid. Most spatter samples collected in the immediate vicinity of the vent; approximate distances from vent are given for other samples]

Sample Date erupted Material Relative Collection s c Distance Remarks
(Date collected) density state (ug/g) (ue/e) from vent
Paughi-Hiiaka eruption (upper east rift zone), May 5, 1973
PH573-1 5/5/73 Pumice VL §,C 213 437 0 Highest fountaining
PH573-2 5/5/13 Pahoehoe M L 135 99 1 km
PH573-3 5/5/73 Spatter M 5,H 161 110 0
PH573-4 5/5/73 Spatter M S,W 165 85 ]
PH573-5 5/5/73 Pahoehoe MH $,C 324 123 0 High lava lake,
(5/23/73) Hiiaka stand
PH573-6 5/5/73 Pumice VL 5,C 210 181 0 Hiiaka Crater
(5/23/73)
PHY73-8 5/5/73 Spatter M s,C 177 109 0 Pauahi Crater
(9/10/73)
PH973-10 5/5/73 Pahoehoe ML 5,C 121 119 0 Pauahi, high lava
(9/10/73) lake stand
PH373-11 prehistoric Lava H s,C 37 106 Prehistoric lavaj;
9/10/73 wall of Pauahi
Mauna Ulu eruption (upper east rift zone), June 1973 - November 1973
MU673-115 6/5/73? Pahoehoe L S,W 413 77 100 m Glassy rind of shelly
. (6/7/173) pahoehoe, Alae
MU673-116 6/7/73 Pahoehoe M L 175 13 0 Dipped from Mauna
Ulu lava lake
(Mauna Ulu not sampled again until October)
MU1073-117 10/30/73 Spatter L S,H 234 114 0
MUL173-120 11/4/73 Spatter ML S,W 229 15 0
MU1173-122 11/4/73 Pahoehoe ML L 253 32 260 m Lava lake overflow
MU1173-125 11/8/73 Pahoehoe M L 140 29 150 m Dipped lava lake
Pauhi eruption (upper east rift zone), November - December, 1973
PH1173-12 11/10/73 Spatter L 5,C 187 146 50 m Watch it fall
PH1173-15 11/11/73 Pahoehoe, ML S,H 197 118 0 Glowing toe
glassy rind
PHL173-16 11/11/73 Spatter * S,W 318 135 300 m Fissure 300 m from
Puu Huluhulu
PH1173-21 11/29/73 Spatter M s,C 102 135 0
PH574~-25 12/9/73 Pahoehoe, M 5,C 86 119 0 Last erupted material
(5/1/74) glassy skin in west pit
Mauna Ulu eruption (upper east rift zoune), December 1973 - Jume 1974
MU1273-127 12/14/73 Pahoehoe M s,C 286 62 <100 m Lava-lake high stand
(12/27/73)
MUL74-131 1/25/74 Pahoehoe M L 78 66 <25 m
MU174-132 1/25/74 Spatter L S,W 243 69 0 Collected as it fell
MUL74-133 1/25/74 Pahoehoe M L 81 46 140 m
MU174-134 1/25/74 Pahoehoe M L 80 69 400 m Slabby pahoehoe
MU274-142 1/25-26/74 Aa * 5,C 208 91 2 km Terminus of 1/25/74
(2/2/74) flow
MU274-143 1/25-26/74 Pahoehoe, M 5,C 70 81 0.6 km Edge of 1/25-26/74
(2/2/74) spinose flow
MU274-147 2/14/74 Pahoehoe ML L 144 58 10 m
MU274-148 2/14/74 Pahoehoe ML L 168 31 50 m
MU374-154 3/5/74 Spatter ML 5,C 149 67 0 Vent F
MU374-155 3/17/74 Spatter L S,W 202 36 0 Vent E
(3/18/74)
MU374-156 3/23/74 Spatter L S,H 229 41 0 Collected as it fell
MU374-157 3/23/74 Pahoehoe M L 168 45 24 m
MU374-158 3/23/74 Pahoehoe M L 118 48 0.6 km
MU474-161 4/3/74 Pahoehoe, MH S,H 93 67 5 km Collected 3 minutes
interior after solidification
MU474-161a 4/3/74 Pahoehoe, MH Sy H 119 77 5 km Collected 3 minutes
crust after solidification
MU474-162 415/74 Spatter ML S,C-W 141 57 0
MU474-163 4/8/74 Spatter MH 5,H 146 53 0
MU474-168 4/22/74 Pahoehoe * 162 115 Sm Vent F
MU574-169a 5/3/74 Pahoehoe H S,H 159 62 5 km Collected a few hours
after solidification
MU574-169b 5/3/74 Pahoehoe MH S,H 151 143 5 km Collected a few hours
after solidification
MUS74=-170 5/6/74 Spatter H 5,W 162 83 0
MU574-171 5/30/74 Spatter L SyH 155 98 0 Watched it fall
MU574-172 5/31/76 Pahoehoe ML L 149 127 25 m
MU674-173 6/3-5/74 Spatter M S,W 147 82 0

(6/8/74)
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TABLE 31.1.—Sulfur and carbon contents and other characteristics of selecied lava samples from Kilauea Volcano—Continued

[For most samples, the date given is both the date of eruption and the date of sample collection; where they differ, the collection date is given in parentheses. Relative density estimated by visual
inspection of sample vesicularity before crushing: H, high; MH, moderately high; M, moderate; ML, moderately low; L, low; VL, very low; *, density not estimated. Physical state of sample at
time of collection: S, solid: H, hot; W, warm; C, cool; L, liquid. Most spatter samples collected in the immediate vicinity of the vent; approximate distances from vent are given for other samples)

Sample Date erupted Material Relative Collection s c Distance Remarks
(Date collected) density state (ug/g) (pglg) from vent

Summnit eruption, July 19-22, 1974

KIL774-1 7/19/74 Pahoehoe L L 149 84 0
KIL774-2 1/19/74 Spatter L Sy H 177 81 0 Watched it fall
KIL774-6a 7/20/74 Pahoehoe M L 107 67 0 Fissure F
KIL275-10 7/19/74 Spatter ML s,C 166 70 0 Fissure A
(2/16/75)
KIL275-11 7/19/74 Spatter M 5,C 154 159 0
(2/16/75)
KIL275-12 7/19/74 Pahoehoe M 5,C 110 135 0.5 km Terminus of flow fed
(2/16/75) by fissure F
KIL275-13 7/19/74 Aa H s,C 111 97 2 km Terminus of flow fed
(2/16/175) by fissure A
Summit eruption, September 19, 1974
KIL974-8 9/19/74 Spatter MH S,H 141 64 0
KIL375-14a 9/19/74 Pahoehoe M s,C 123 139 0
(3/24/75)
KIL375-14b 9/19/74 Spatter ML S,C 152 114 0 Same location as
(3/24/75) KIL375-14a
KIL375-15 9/19/74 Pahoehoe M 123 149 1 km Glassy skin of toe
(3/24/75)
Southwest flank eruption, December 31, 1974
SWR1274-1 12/31/74 Spatter L S,H 135 127 0 First material,
fissure E
SWR1274-2 12/31/74 Spatter ML Sy H 122 89 0 Last material,
fissure E
SWR1274-3 12/31/74 Spatter L S,W-C 192 191 0 Fissure B
SWR1274-4 12/31/74 Spatter M s,C 122 35 0 Fissure B
SWR1274-5 12/31/74 Spatter MH s,C 125 137 0 Fissure 1
SWR1274-6 12/31/74 Spatter L 5,C 156 147 0 Last material,
last fountain,
fissure D
SWR175-7 12/31/74 Pahoehoe MH 5,C 65 118 1.5 km Average S and C
(1/18/75) content for entire
sample
SWR175-7a 79 117 Glassy top rim
SWR175-7b 61 92 Fine-grained
interior
SWR175-7c 56 144 Fine-grained
bottom rim
SWRL75-8 12/31/74 Pahoehoe M 5,C 80 110 2.5 km
(1/18/75)
SWR175-9 12/31/74 Pahoehoe M s,C 78 142 5.5 km
(1/18/75)
SWR175-10 12/31/74 Aa H 5,¢C 48 38 545 km
(1/18/75)
SWR175-11 12/31/74 Pahoehoe MH s,C 58 159 9 km Transitional
(1/18/75) pahoehoe
SWR175-12 12/31/74 Aa H s,C 66 200 10.5 km Weathered — terminus
(1/18/75) of 12/31/74 flow
Summit eruption, November 29, 1975
KIL75-1 11/29/75 Pahoehoe L S,H 334 99 400 m From vent A
KIL75-2 11/29/75 Spatter M s,C 132 38 10 m From vent B-1
(12/3/715)
KIL75-3 11/29/75 Spatter MH 5,C 160 48 0 Irregular, clinkery
(12/3/15)
KIL75-4 11/29/75 Cinder * s,C 695 49 0 Irregular
(12/3/75)
KIL75-5 11/29/75 Spatter L 200 69 0
(12/4/75)
KIL75-6 11/29/75 Pahoehoe M 174 443 1 km Average S and C
(12/4/75) content for entire
sample
KIL75-6a 172 163 Glassy rim
KIL75-6b 179 68 Fine-grain interior;
vesicles 1-2 mm
KIL75-6c 173 1099 Fine-grained basal,

rim; vesicles
<1 mm
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