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96 SOME CHARACTERISTICS OF PELE'S HAIR

1.614
— h
1610 - Spatter, pumice, pahoehoe ]
|
[
1.606 — ~-Average —
i
o ’ Average
(_')J I602<"— \\""‘Coorse Pele's hair ]
w |
0 ; ——=—Average
X 1
W 1598— _
% I
Ll
>
- |.594[— —
0 : _—-Fine Pele's hair
q
@ i
LL‘LJ I
T 1590 —
|
1.586— —
|
|
|
|
1.582 1% —
]

F16URE 4.—Refractive indices of glassy parts of eruption prod-
ucts formed during 1969-71 eruption of Mauna Ulu, Kilanea
Volcano, Hawaii. Indices were determined with sodium
light in immersion oils that were checked periodically with
an Abbey refractometer and corrected for temperature.
Error of determination is estimated to be +0.002. Samples
were washed in distilled water to remove sublimate coating
and then hand crushed. Only broken interior surfaces were
used for refractive-index determinations.

hair (arbitrarily defined as less than about 75 pm
in diameter) is less than that of coarse hair which in
turn is less than that of most of the bulkier materials.
These relations are further illustrated by examination
of contemporaneous eruption products.

Thirteen sets of contemporaneous eruption products
were obtained by hand sorting ficld-collected masses
of Pele’s hair into fine hair. coarse hair. and droplets
that were attached to some strands of hair or clots
of spatter caught in the mass of hair. Without excep-
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tion, for each set of contemporaneous products, the
finest material has the lowest refractive index (fig. 5).
Furthermore, the hair of smallest diameter (sample
PH-9) has the lowest refractive index of all studied
material. In general, unambiguous intersample com-
parisons between refractive index and minimum di-
mension of particles are precluded by the estimated
standard error (*0.002) in refractive-index deter-
mination and overlap in hair size caused by normal
variation in diameter, even along individual hairs.
Nonetheless, the consistency of the data (fig. 5) indi-
cates that a direct relation between refractive index
and the original minimum dimension of particles
exists for all studied samples.

The refractive index of glass from fused or naturally
glassy volcanic rock is commonly used to determine
the silica content of the glass (George, 1924) ; silica
increases as refractive index decreases. The refractive
indices of a sample of Pele’s hair (1.598) and dropletx
(1.604) broken from the ends of this hair suggest
that the droplets are relatively poor in silica. How-
ever, chemical analyses (table 1) show that, within
analytical precision, silica content is nearly the same
for these two contemporaneous materials. Many elec-
tron microprobe analyses for silicon, iron, and mag-
nesium were made along individual strands of Pele's
hair that showed great axial variation of diameter.
No measureable changes in these elements were found
along these strands (B. A. Morgan, oral commun..
1973), thus suggesting variation in refractive index
is caused by something other than major-element
chemistry.,
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TaBle 1. —Chemical analyses of Pele's hair (PH-1) and

droplets (PH-18) broken from this hair

[Analstical methods are described in Shapiro and Brannock (1962),
supplemented by atomic absorption tests; analyst, P. L. D. Elmore]

PH-1 PH-1S
S‘i02 50.6 50.7
A1203 13.7 13.0
F9203 .60 .90
Fel 10.0 10.0
Mg0 7.6 9.5
Ca0 11.3 10.0
Na,0 2.2 1.9
K20 .51 .41

+

H20 .27 .37
H,0 .06 .00
Tif)2 2.3 2.1
P205 .30 .28
Mn0 .18 .19
CO2 .02 .01

99.60 99.40

Ross and Smith (1955, 1961) have shown that the
refractive index of volcanic glass is a function of
water content and state of oxidation of iron, as well
as silica content. The presence of hydrated minerals,
as firmly attached sublimate coatings, and vesicles that
contain water vapor precluded a test of possible con-
trol of refractive index by differences in water con-
tent of the glass itself. Change in refractive index re-
lated to oxidation state of iron is also untested, but it
seems unlikely that oxidation state of iron in Pele’s
hair and attached droplets would differ much if at all.
Well-known properties of manmade glass fibers sug-
gest that the refractive index of Pele’s hair is prima-
rily a function of the manner in which the hair
formed.

Manmade glass fibers have many properties that
differ from bulk glass of the same composition (Weyl
and Marboe, 1964). For example, tensile strength is
higher, and the density and refractive index are lower
(Slayter, 1952). These differences are attributed to
marked contrasts in the cooling histories of fiber ver-
sus bulk glass, with solidification under stress (Weyl
and Marboe, 1964) and relatively high rates of cool-
ing (Slayter, 1952) as important factors in determin-
ing the properties of the fibers. The shapes of Pele’s
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hair and its contained vesicles attest to extreme stretch-
ing, bending, and twisting during formation of the
hair. Furthermore, the most finely attenuated strands
have the lowest refractive index, which is consistent
with the idea that rate of cooling as well as state of
stress during cooling controls refractive index of the
resulting glass. Thus we suggest that our observations
of refractive index of Pele’s hair are best explained
by the manner in which hairs form, with only possible
minor effects related to chemical composition.

SUBLIMATES ON HAIR SURFACES AND
VOLATILES IN VESICLES

Masses of Pele’s hair that line the throats of fuma-
roles or rest on warm fuming lava flows become en-
crusted with sublimates. Generally, hair collected only
minutes after its formation shows some surficial crusts,
presumably deposited from the fume cloud through
which the hair drifted to the surface. After a few
hours in percolating fume, hairs may become com-
pletely coated (fig. 64, 6B). Such sublimates may
cement masses of hair together and may also cement
tiny basaltic spheres to strands of hair (fig. 6C). We
studied the volatile constituents in these sublimate
coatings using the methods of Gibson (1973; 1974).
Briefly, we heated samples to about 1,400°C at a rate
of 6°C per minute in a vacuum of 2X10—* torr and
routed all evolved volatiles into a mass spectrometer
for identification during heating. Near the melting
temperature, vesicles burst, releasing additional vola-
tiles that also were analyzed by the spectrometer. The
weight of all samples was recorded continuously dur-
ing heating. Most of the weight lost below 800°C re-
presents the release of volatiles from sublimate mine-
rals, whereas that lost above 800°C represents mostly
degassing of the basaltic glass. Typical gas release
profiles are shown in figure 7. These profiles differ de-
pending principally upon the amount and variety of
sublimate material present.

Microscopic examination of sample PH-10 shows
that almost no sublimate material coats these hairs.
During heating, only traces of volatiles were evolved
below the melting point (fig. 74). About 300 parts per
million of adsorbed water was released around 100°C
(see H,O spike of fig. 7A and percentage weight lost
in table 2), and a continuous diffusional loss of water
occurred between 150° and 500°C. The release of CO.
(30-60 ppm CO,) between 400° and 600°C suggests
traces of carbonates on hair surfaces. At the melting
point of the glass (1130°%£10°C), CO, and traces of
CO were released snddenly, indicating the rupture of
one or more gas-filled vesicles. Total weight loss was
2.31 percent after heating to 1400°C (table 2), with
only 0.57 percent lost during heating to 800°C.
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F1GURE 7.—Gas-release profiles of Pele’s hair. See table 3 for further discussion. 4, PH-10, virtually no subli-
mates. B PH-14, moderately coated with sublimates. ¢, PH-9, extensively coated with sublimates.
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SOME CHARACTERISTICS OF PELE'S HAIR

TABLE 2.—Percentage weight lost from Pele’s hair during heating at 6°C per minute under a vacuum of about 2X10° torr

Sample No. _ _ _ _ _ __ PH-5 PH-6 PH-9 PH-10 PH-14 PH-15 PH-23 PH-87 PH-87

Initial weight _ __ _112.43 124.38 105.02 121.68 111.76 86.28 153.76 157.69 159.07

(milligrams)

Sublimate coating_ _ _Heavy Virtually Heavy Virtually Moderate Moderate Moderate Heavy Moderate

none none

100°C - —_ _ _ _ _ _ 0.044 0.200 0.0329 0.231 0.336 0.026 0.044 0.006
200°C — _ _ _ _ _ _ _ 0.133 0.008 0.646 0.107 0.351 0.406 0.052 0.082 0.013
300°C - — . __ 0.276 0.016 0.932 0.230 0.411 0.533 0.098 0.127 0.019
400°C - — _ _ _ _ __ 0.480 0.040 1.179 0.296 0.642 0.684 0.124 0.165 0.019
500°C _ _ — _ __ __ 0.720 0.048 2.053 0.403 0.899 1.159 0.150 0.203 0.031
600°C — _ _ _ _ __ _ 0.872 0.064 2.595 0.452 0.976 1.298 0.156 0.228 0.044
700°C — - - - _ 0.960 0.096 3.013 0.510 1.122 1.425 0.228 0.247 0.063
800°C — . _ ______ 1.085 0.129 3.412 0.567 1.259 1.553 0.280 0.292 0.088
900°C — — _ _ . _ _ _ 1.218 0.169 4.230 0.608 1.404 1.669 0.306 0.336 0.126
1000°C — - - — _ _ _ _ 1.352 0.209 4.620 0.641 1.482 1,820 0.325 0.387 0.157
1100°C — _ - . ___ 1.565 0.346 4.857 0.740 1.610 2.121 0.442 0.476 0.258
1200°C - _ _ . __ 1.717 0.474 5.066 0.896 1.756 2.295 0.559 0.615 0.427
1300°C —— — —_ _ _ _ 2.144 0.981 5.504 1.282 2.175 2.747 0.891 0.964 0.780
1400°C — _ . _ _ 3.184 2.484 7.034 2.309 3.442 4.080 1.840 1.915 1.854

Melting point,+10°C _1130°C 1120°C 1120°C 1130°C 1130°C 1120°C 1120°C 1120°C 1120°C

those particles are cooling and solidifying during
eruption. Thus, interpretation of the origin of gases
released on later examination is difficult.

CONCLUSIONS

Pele’s hair forms by extreme stretching and twisting
of lava as it cools and solidifies. This process of for-
mation affects the refractive index of the resulting
glassy strands in such a way that the refractive index
decreases with diameter of the hair.

Masses of Pele’s hair have a high ratio of surface
area to weight and serve as natural spun-glass filters
that trap small particles and provide sites for deposi-
tion of sublimate materials. Such deposition begins
during initial descent of hair through its eruption
fume cloud and may eventually account for as much
as several percent of the total weight of a hair sam-
ple. The volatile constituents released on Leating in-
dicate that carbonates, sulfates and elemental sul fur
are the most common sublimates. Water vapor and
carbon dioxide are the most common volatiles released
from hair with little or no sublimate coating.

Katsura (1967) believed that Pele’s hair is the only
material that represents a quenchied sample of a-
wailan basaltic magma. Tt i< 10 that Pele’s hair is
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probably the most rapidly quenched subacrial eruption
product, but the property that allows such rapid
quenching (extremely small particle size) promotes
similarly rapid contamination of the material; within
days or hours weathering and contamination may ad-
‘ance to the stage at which it is virtually impossible to
expose fresh interior. Bulkier glassy eruption products.
such a lapilli-sized spatter, provide far better material
for sampling quenched magma.
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TABLE 3.—Decscriptions of Pele’s hair studied in heating exrperiments

Maximum time
between for-
mation and
collection

Date of
collection

Site of
formation

Type of
activity

Sample
Nurber

Volatiles released durinq heating

PH-5 Mauna Ulu degassing Sept. 29, 1969 21 hours

lake ppm.
of C0. 0., and H.O.

Water was the major gaseous phase released below 200°C and amounted to 1100-1300

Between 250 and 400 C sample lost 0.357 by weight, mostly CO, with traces
Between 350" and 600°C, CO_ from a carbonate and SO, from

decormposition of a sulfate were released and amounted to 0.39: weight loss.
After loss of low-temperature condensates sample was essentially depleted of

volatiles other than reaction products formed at high temperatures.

Large

amounts of hydrocarbons with fragments of mass 41 were released between 250° and

400-C.

Several
hours

active
fountain

May 27, 1969

Sample contained a trace (less than 10-20 ppm) of H,0 adsorbed on surface, but
had no surface condensates as indicated by lack of volatiles released below
800°C.

Only 0.13 weight percent was lost upon heating to 800°C and only 2.48%

after heating to 1400°C (with 1.5 being lost between 1300 and 1400°C).

PH-9 1/2 &km S.E. 24 hours

of Mauna Ulu

cascading Oct. 1, 1970

stream

Below 300°C, H.0 was the major aas phase released (around 0.65 weight percent).
Between 150" and 250°C, methane was released.
400° and 550"C indicates decomoosition of carbonate and sulfate.
release of CO; occurred between 600” and 700°C.
evolved whereas SO: evolved at lower temperatures.

Release of CO, and SO. between

A second
Between 750° and 1000°C S, was
The sulfur results from

melting of sulfur crystals observed on surfaces of hair.

PH-10 active Oct. 1, 1970 24 hours

fountain

Mauna Ulu

Trace quantities of water (less than 20 ppm H;0) were evolved around 100°C. A
diffusion controlled loss of H:0 occurred between 150° and 500°C.

Traces of sub-

limate carbonate are indicated by release of small amounts of CO, between 400°

and 600°C.

At melting point of glass (1330°C) CO, and a trace of CO were

released suddenly, suggesting rupture of gas-filled vesicles.

PH-14 do. do. Oct. 29, 1970 28 hours

Unusually large amounts of water (0.35 weight percent) were released below 200°C.
C0. from decomposition of carbonate was evolved between 400° and 550°C.
minerals decomposed between 440°c and 550°C and between 650” and 900°C.

Sulfate
Both SO,

and S, were evolved at higher temperatures.

PH-15 do. degassing June 16, 1971 3 months

lake lost 0.41. water.
between 4007 and 750°C.
1100°C.

Gas release profile is aimost identical to that of PH-14.

Below 200°C sample
Decomposition of sublimate carbonate and sulfate occurred
Loss of S, and traces of S9, occurred between 850° and
Near melting, sudden release of €0, and traces of CO indicated vesicle

rupture.

None-
immediate
collection

P23 active Aug. 14, 1971

fountain

Kilauea
Caldera

Trace of adsorbed water was released below 150°C.
200°C suqqests rupture of vesicles.
H,0 and CO, ruptured causing “"spikes" on gas release profiles.

Sudden release of H,0 at
Between 200° and 300°C vesicles containing
Evolution of

SO, between 500° and B00°C sugqgests traces of sublimate sulfates, and traces

of CS,. probably a reaction product, were evolved between 700° and 1000°C. At
melting point of qlass (near 1120°C), CO, with traces of CO was released sudden-
1y, indicating vesicle rupture.

Pu.87 120-m lava June 11, 1972 1 day

falls into
crater

Rim of
Makaopuhi
Crater

Traces of adsorbed H,0, CO,, CO and/or N, were evolved at low temperatures, and
about 130 ppm H,0 was released by diffusion between 240° and 450°C.
SO were evolved hetween 400° and 900°C and traces of CS; between 700° and 900°C

Traces of

Additional SO, was evolved between 1000° and 1120"C and probably was a product
of reaction between sulfur-hearing phases and silicates of the glass.

Isard, J. 0., 1971, The formation of spherical glass particles
on the lunar surface: Second Lunar Sci. Conf. Proc,
Geochim et Cosmochim. Acta Suppl., 3, v. 3, p. 2003—2008.

Katsura, Takashi, 1967, Pele’s hair as a liguid of Hawaiian
tholejitic basalts: Geochem. Jour., v. 1, p. 157-168.

Krukenberg, C. F. W., 1877, Mikographie der Glashasalte von
Hawaii [Micrography of basaltic glass from Hawaii]:
Tubingen, 38 p.

Muenow D. W., 1973. High temperature mass spectrometric
gas-release studies of Hawaiian volcanic glass: Pele's
tears: Geochim. et Cosmochim. Acta, v. 37, no. 6, p. 1551
1561.

Ross, C. S., and Smith, R. L., 1955, Water and other volatiles
in volcanic glasses: Am. Mineralogist, v. 40, p. 1071-
1089,

——— 1961, Ash-flow tuffs: Their origin. geologic relations,
and identification : U.S. Geol. Survey I’rof. Paper 366, 81 p.

Shapiro, Leonard ,and Brannock, W. W., 1962. Rapid analysis
of silicate, carhonate, and phosphate rocks: U.S. Geol.
Survey Rull. 1144-A, p. A1-A56.

Shaw. H. R., Peck, D. L., Wright, T. L,. and Okamura. R..
1968, The viscosity of basaltic magma: An analysis of field
measurements in Makaopuhi lava lake, Hawaii: Am. Jour.
Sci.. v. 266, p. 225-264.

Google

Shaw, H. R., and Swanson, D. A., 1970, Eruption and flow
rates of flood basalts: Second Columbia River Basalt
Nymp. Proc., Eastern Washington State College, Cheney,
Wash.,, Mar. 21-23, 1969, Eastern Washington State Col-
lege Press, p. 271-299,

Slayter, Games, 1952, Strength of glass: Am. Ceramic Soc.
Bull, v. 31, no. 8, p. 276-278.

Swanson, D. A, Jackson, D. B, Duffield, W. A,, and Peterson,
D. W., 1971, Mauna Ulu eruption, Kilauvea Volcano: Geo-
times, v. 16, no. 5, p. 12-16.

Wentworth, C. K., 1938, Ash formations of the Island of
Hawaii: Hawaiian Voleano Observatory, 3rd Spec. Rept.,
183 p.

Wentworth, C. K., and Macdonald, G. A., 1953, Structures and
forms of basaltic rocks in Hawaii: U.S. Geol. Survey
Bull. 994, 98 p.

Weyl, W. A, and Marboe, E. C.. 1964, The constitution of
glasses: A dynamic interpretation: Vol, 2, Part 1 of Con-
stitution and properties of some representative glasses:
John Wiley and Sons, New York., p. 429-892,

Williams, Ilowel, and McBirney, A. R., 1969, An investigation
of voleanic depressions, P't. I, Airfall and intrusve pyro-
clastie deposits, and I’t. TI, Subaerial pyroclastic flows
and their deposits: TU.S. Natl. Aeronautics and Space
Adn. Research Grant NGR-358-003-012, prog. rept., 100 p.



21b6006-pdgasn ssadde/ba0 1snJa1Tyiey mmm//:d11y
9/¥ZrOTEOSEYZE NS0/ LZ0OZ /33U d1puey 1py//:sd1y

COriginal from
THE OHIO STATE UNIVERSITY

Digitized by GOOS[Q

/ PazT1T6Tp-916009 ‘uTewoq 2T1gnd
/ LWD [S:00 ¥0-ZO-1ZOZ UO pa1elausn



	osu-32435031042476-101-1612400029
	osu-32435031042476-102-1612400092
	osu-32435031042476-103-1612400116
	osu-32435031042476-104-1612400129
	osu-32435031042476-105-1612400145
	osu-32435031042476-106-1612400158
	osu-32435031042476-107-1612400172
	osu-32435031042476-108-1612400185
	osu-32435031042476-109-1612400198
	osu-32435031042476-7-1612400252
	Title Page


