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1.0 Introduction

Unalaska Island is located in the eastern Aleutian Islands, and is in the approximate
center of the Aleutian volcanic arc. Quaternary geology of the northern part of northern Un-
alaska Island is dominated by Makushin Volcano and its satellitic vents. Remnants of precursoss
to Makushin Volcano are scattered throughout northern Unalaska Island and indicate a record of
Subareal, flow dominated volcanism spanning at least the 1ast million years,

Makushin Voleano and its satellitic vents are the erupted products of the magmatic
system which is the ultimate heat source for the Makushin geothermal system. A detaited study
of the chemistry and petrology of these lavas and tuffs was undertaken in order to further the
understanding of the geothermal system. The chemistry of erupted lavas provides direct
information about the physio-chemical processes involved in magma production, and can be
used to infer the existence of such things as long fived shallow magma chambers or regional
geotherms which are sufficiently elevated to induce partial melting of the crust. If sufficient
detail of chemistry and stratigraphy is known, then mass and heat flux through the crust as a
function of time can also be inferred.

In this study we report on chemical data from over 160 samples, and mineral com-

position data from 25 of these. These data support the following conclusions.

1) There has not been 2 single, shallow level magma chamber which has fed all vents

over the course of their collective lifetimes.

2) The magmatic plumbing system which fed Makushin Volcano for most of its life is of
relatively small volume and is frequently resupplied by magma from a deeper chamber

or chambers.



3) In the early Holocene several large, spatially separated magma bodies ross through the

3 1ava eruption from

crust and erupted to form the satellitic centers and a several km
' Makushin Volcano (the Lava Ramp). This event represented 2 magma flux through the

crust of at least an order of magnitude greater than typical for Makushin Volcano.

4) A residue from the magma influx responsible for the formation of the Lava Ramp
probably resides at a shallow depth beneath Makushin Volcano, and has been
fractionating since the formation of the Lava Ramp. This shallow chamber is bigger,
more silicic and longer lived than normal for Makushin Volcano and is probably the heat

source for the geothermal field.

2.0 General Geology

The general geology of northern Unalaska is described by Drewes and others (1961),
Parmentier and others (1983) and Nye and others (1984). A brief distillation of these reports is
presented here.

The oldest rocks exposed on northern Unalaska Island are those of the Unalaska
Formation. The dominant lithologic package of the Unalaska Formation consists of tuff’s
interbedded with minor volcaniclastic sediments, dikes, sills and flows. Stratigraphically lower
parts of the formation are dominantly flows. In the Dutch Harbor area this Formation is lower
Miocene in age (Lankford and Hill, 1979), but in the Makushin Volcano region it ranges into
the Pliocene.

The tower Unalaska Formation tuffs are intruded by a gabbronorite stock which is
younger than early Pliocene. The gabbro is unconformably overlain by the upper part of the
Unalaska Formation. The gabbro is the geothermal reservoir host rock, probably because jt is

competent enough to maintain open fractures whereas the Unalaska Formation is not.



Both the Unalaska Formation and the gabbronorite are unconformably overiain by the
Quaternary volcanic rocks which are the subject of this report. These rocks are predominately
basalt and andesite flows, with subordinate dacite flows and pyroclastic rocks. The young
volcanic rocks range in age from Pleistocene to Holocene and occur as caps on ridges above
Pleistocene glacial valleys, the active Makushin Volcano, young satellite vents, flank vents and
pyroclastic deposits of northern Unalaska Island.

Rocks units are only gently deformed, and, excepting the Holocene volcanoes, are

heavily dissected by Pleistocene glaciation.

nd H Vol

Pleistocene and Holocene volcanic rocks cover older rocks on the northern and western
portions of northern Unalaska Island (fig. 1). This section will discuss the petrology and
chemistry of these volcanic rocks in detail. Pleistocene flows cap ridges over most of the
northern half of northern Unalaska and form eroded pinnacles just east of Makushin Volcano.
The modern volcanic field s dominated by Makushin Volcano, which is 2055 m high and a few

tens to several tens of km3

in volume. There are also several satellitic vents which, along with
Makushin Volcano itself, form a broad SW-NE trending band (fig. 1). These vents are, from
the SW, Pakushin Cone (about 1050 m high, 1-2 km3), Sugarloaf (580 m high), Table Top Mtn
(800 m high, about | km3) and Wide Bay Cone (about 640 m high, about 0.5 km3).

There are also extremely small volume eruptive centers at Cape Wislow and on a linear
fracture radiating from Makushin to the NW. Small explosion pits and cinder cones along this
fracture are termed the Pt. Kadin Vents (Drewes and others, 1961). There is also a large

volume (at least 5 km3) package of coeruptive flows, termed the Lava Ramp, which erupted

from Makushin Volcano and fill upper Makushin and Driftwood Valleys.

Rock Un ncl



The Quaternary volcanic rocks of northern Unalaska Island have been assigned to two
major lithologic units, QTvc and Qhv, which correspond to chemically and mineralogically
inhomogeneous and homogeneous deposits, respectively (Nye and others, 1984). These are
roughly squivalent to the Makushin Volcanics and Eider Point Basalt of Drewes and others
(1961). QTvc refers to Tertiary (7) to latest Holocene lavas and pyroclastic rocks which have
erupted from the Makushin polygenetic stratovolcano. These eruptive products can be of
extremely variable chemical composition and texture even between adjacent flows, Qhv refers
to large volume eruptions from smaller monogenetic vents over relatively short time spans and
which are homogeneogs in chemical composition and texture (see below). While the unit Qhv is
not confined by the definition to any particular time period, these lavas seem to be almost
wholly early Holocene.

We will show that the differences between QTve and Qhv are as follows: QTve is made
up eruptive products of a volcano which is relatively long lived, and whose shallow level
plumbing system is of relatively low volume and is either intermittent or is frequently
reinjected with new material that is different in some or all of the following: composition;
temperature, T; partial pressure of water, PH,O; and oxygen fugacity, f02. Frequent resupply
or complete refilling of the relatively small volume shallow system with comparatively large
volumes of new magma can produce dramatic changes in composition on an eruption by
eruption basis (see befow).

Qhv, on the other hand, is made up of eruptive products of short lived (monogenetic),
relatively large volume, eruptions. These eruptions are usually, but not always, from satellite
vents. Magmas in such eruptions are of fairly uniform composition because the shallow level
plumbing system is short lived and therefore not reinjected. The major Qhv centers are
Pakushin Cone, Table Top, Wide Bay Cone and what we call the Lava Ramp, which is the thick
package of flows which issued from the summit or upper east flank of Makushin angd flowad

down Driftwood Valley. Sugarioaf and the Point Kadin vents are smaller Qhv centers.



3.2 Sample Number Nomenclature

Major, minor and trace element and phase chemistry are reported in appendices 1,2 and
3. Sample locations and schematic geology are reported on plate 1. A systematic numbering
system ("map numbers" in the appendices) has been imposed on all samples. Qhv samples have
been given two letter prefixes which refer to their location. These prefixes are: PC, Pakushin
Cone; PK, Point Kadin Vents; LR, Lava Ramp; SL, sugarloaf; CW Cape Wislow; TT Table Top
Mountain; and WB; Wide Bay Cone.

QTvc samples are all prefixed by an M followed by either a number, referring to age of
Makushin Volcano analyses, ar a letter, referring to location of Pleistocene remnants. Ages of
Makushin Volcano analyses are assigned on stratigraphic position and degree of glacial
dissection and are only semiquantitative. The QTvc Makuhsin Volcano abbreviations are; M1,
late Holocene blocks and bombs, these are the most recent eruptive products; M2, Holocene
flows, blocks, bombs and caldera rim remnants; M3, early Holocene samples;, M4, late (?)
Pleistocene; MS, Pleistocene, these flows have undergone substantial glacial erosion but are still
clearly derived from Makushin Volcano, some may only predate Holocene glacial advances.
QTvc abbreviations for areally restricted Pleistocene samples are: Mc, Eider Point-Cape
Cheerful area; Md, immediately east of Driftwood Valley; Me, immediately west of Driftwood
Valley; Mf, Point Kovrishka area; Mg, upper Nateekin Valley and the ridge between Nateekin
and Makushin valleys; and Mh, upper Glacier valley.

A graphical key to sample numbers forms an inset to Plate 1.

3.3 Ages

Ages of samples of Quaternary volcanic rocks from northern Unalaska Island are poorly

constrained. The radiometric dates available are in table 1. Dated Pleistocene rocks range from



0.26 + 0.01 to 0.93 + 0.03 m.y. Ages are restricted at individual localities and vary between
localities. Given the paucity of data this observation is only suggestive of migration of the
eruptive center with time.

The oldest samples (0.90 and 0.93 + 0.03 m.y.) are from the ridge east of Driftwood
Valley. The one dated Eider Point flow is younger, at 0.69 + 0.06 m.y. Flows west of
Driftwood are substantially younger; a stratigraphically high flow is 0.38 + 0.04 m.y., and a dike
intruding this package is 0.26 + 0.01 m.y. The youngest dated Pleistocene flows are from the
Point Xovrishka area and are 0.30 + 0.02 to 0.34 + 0.04 m.y.

In the absence of abundant radiometric dates, preliminary ages have been assigned to
other samples on the basis of the extent of glacial erosion. These ages are admittedly imprecise,
but form the basis of the sample numbering scheme outlined in section 3.2. The two great
uncertainties in these "glacial" ages are 1) the difficulty of assigning Makushin Volcano samples
to "Pleistocens” vs "pre-Neoglacial” ages since the amount of erosion caused by neoglacial
advances is unknown and 2) the difficulty of assigning ages to post-Pleistocene deposits since
the downvalley limit of the neoglacial advances is not known at Makushin,

Consideration of glacial activity indicates that the major satellitic centers (Pakushin
Cone, Table Top, Wide Bay Cone and Sugarloaf) as well as the Lava Ramp are all between
11,000 and about 3,000 years old. All occupy Pleistocene glacial valleys and are thus younger
than 11,000 yrs (i.e. younger than the retreat of massive Pleistocene ice sheets, see Black, 1981,
and references therein). Also, these centers are all older than 3,000 yrs, since they have been
glaciated, and this is the age of the last major Holocene glacial advance (Black, 1981). It may
be possible, with further work, to refine these ages. If it could be shown that the 3,000 yr
advance did not reach low levels at Makuhsin then the major Qhv deposits could be assigned to
the 11,000 - 7,000 yr bracket. Alternatively, if it could be shown that the 7,000 yr glacial
advance was especially vigorous, then the Qhv centers could, perhaps, be assigned to the 7,000 -

3,000 yr interval, A focused 14C dating program would be useful.



3.4 Chemistrv Overview

The Quaternary volcanic rocks at Makushin have major and trace element compositions

typical of convergent margin magmas. They form a broad continuum of mafic to silicic

" compositions, with abundant rocks of intermediate §i0,, have low TiOy and high ratios of
atkali metals to small, highly charged cations (see Gill, 1981; Ewart, 1982; and Pearce, 1982, for
review). Analyses and analytical methods are given in appendix 2. Most analyses fall on, or
slightly above, the tholeiitic (TH) - calcalkaline (CA) dividing line of Miyashiro (1974) on a
plot of FeO*(total iron as FeQ)/MgO vs. Si02 (fig. 2). Analyses span the range basalt to dacite,
with most analyses in the andesite range. With increasing Si02 Na,0, K20, Rb, Ba, Ce, Nd,
Nb, Zr and Y increase, MgO, FeO®, Ni, Cr and Sr and, to a lesser extent, A1203, decrease and
P50y and TiO, remain fairly constant (appendix 4). V contents remain fixed over much of the
range of compositions, but decrease dramatically in the high SiO, samples (appendix 4). Al,O4
and Sr contents vary considerably in the low SiO, samples, and have a more restricted range at
high Si02 (appendix 4). Such variations may be due to plagioclase accumulation. Note that the
low Si02 samples tend to have higher total phenocryst contents than the high Si02 sampies (fig.
3).

Variations in chemistry are qualitatively compatible with a petrogenetic mechanism
dominated by crystal fractionation of a parental basaltic melt. There are, however, variations in
chemistry that preclude an interpretation of simple fractionation of a single, long lived, crustal
magma chamber. Such variations raquire mixing between batches of magma at different degrees
of fractionation as well as introduction into the shallow system of successive batches of magma
with differing chemical compositions.

Magma mixing within the shallow level system i3 demonstrated by compatible element
(e.g. Mg, Cr, Ni) vs. incompatible element (e.g. Rb, K, Zr) systematics. Mg, Cr and Ni are
preferentially partitioned into mafic silicate minerals during crystalization, hence their

concentration drops during fractional crystalization. Incompatible elements are excluded from



those mineral species that form phenocrysts in the Makushin magmas, and are concentrated in
the residual liquid during fractionation. If the variations in composition of the Makushin suite
are produced wholly by crystal fractionation then lava compositions should lie along curved
fractionation paths.such as the mode] paths in figure 4. Compositions which lie above the
fractionation curves in these figures are produced either by mixing of less fractionated high Mg,
low Rb compositions with evolved low Mg, high Rb compositions, or by crystal accumulation.
Crystal accumulation cannot be called on for many of the lavas that lie above the fractionation
lines since many of these samples have very low phenocryst contents. Mixing is likely to
happen when a new batch of little fractionated magma intrudes into the upper crust and mixes
with a shallow, evolved magma chamber.

Resupply of the shallow level magmatic system with newly arriving batches of magma
from depth is also demonstrated by variations in K/Y ratios (fig. 5). K and Y are both enriched
in the melt during crystal fractionation, but at equal rates. Because they have the same bulk
distribution coefficients, Dbulk (Dbulk'cs/cl’ where C, is the concentration in phenocrysts and
Cy is the concentration of an element in the liquid), the K/Y ratio will not change during
fractional crystalization. The wide range of K/Y values at Makushin especially from QTv¢
samples, thus precludes fractionation of a single magma chamber, or fractionation of a single
homogeneous parent composition, at Makushin and requires resupply of new aliquots of parent
magma of subtly different composition to the shallow level magmatic system. This observation
is corroborated by similar behavior of other incompatible element ratios, such as Rb/Y, Zr/Y,

Rb/Zr and K/Rb.

The lavas erupted from Makushin and its flank vents are usually porphyritic, with
phenocrysts generally less than a few mm maximum diameter, and contain phenocrysts of

plagioclase + augite + olivine + orthopyroxene + titanomagnetite. Diopside occurs in a few of
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the most mafic samples. Hydrous phases are absent from the favas, but hornblende has been
reported from Holocene tephra (Arce, 1983). With rare exceptions plagioclase is the dominant
phase, comprising as much as half the rock, and usually over half the modal mineralogy.
Augite is usually next most abundant and comprises less than 10% of the rock. Amounts of opx
and ol are usually subordinate to augite. Olivine is generally restricted to basalts and opx to
andesites and dacites. Magnetite i8 common a3 a microphenocryst, but rarely comprises more
than 1% of the rock. Chrome spinel is included in diopside and forsteritic olivine. Total
phenocryst contents correlate roughly with SiO, concentration (fig. 3). In some cases, but
definitely not all, the low Si02 concentration of extremely porphyritic rocks may be an artifact
of crystal accumulation. That is, there is no clear relationship between total phenocryst content
and the amount of displacement of whole rock compositions from model MgO - Rb
fractionation paths (see fig. 4 and discussion in 3.4, above).

Compositions of phenocrysts span a fairly wide range altogether (pl=Anyg-Angs,
ol=Fo3¢-Foq,, aug-En75-En95, opx=Eng5-Eny, appendix 3, figs. 6, 7). Compositions of
phenocrysts from individual samples are, as expected, of more restricted compositional range,
although in some cases compositions within single samples span half the compositional range of
all samples together. Plagioclase, olivine and augite are usually normally zoned. Plagioclase
crystal often have complex oscillatory zoning, and frequently have concentric spongy zones
within the crystal. Rims are usually only a few mole percent anorthite (An) poorer than cores,
although extreme cases of zoning over a few tens of percent An exist. Augite and diopside are
generally normally zoned by a few percent ferrosilite (Fs), and occasionally (especially in PC-06
and PC-09 from the basal pyroclastic unit from Pakushin Cone) have complex oscillatory
zoning. Olivine is usually normally zoned, frequently in excess of 10 mole percent forsterite
(Fo), between core and rim. Orthopyroxene is frequently reverse zoned by a few mole percent
En. In addition to being zoned, mafic silicate phenocrysts can be rimmed by different minerals.
Rims of opx and pigeonite are not uncommon on augite and olivine, and augite rims on opx

occur infrequently.
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Chemical equilibria between silicate liquids, pyroxenes and olivine, and between
pyroxenes, are known from experimental petrology. The extent to which minerals in a given
sample do or do not conform to the known equilibria can be used to trace the history of crystals
in a magma and thus infer petrogenetic processes. The ratio of FeO/MgO between liquids and
gilicates, and between different silicates, is largely independent of temperature and pressure and
is expressed as the iron-magnesium exchange coefficient KDF&/MB8(i_j) which equals molar
(FeO/MgO)i/(FeO/MgO)j, where 1 and j are either mineral species or the host liquid.
kDFe/Mg(411), KDF&/M8(cpx-1) and KDF&/MB(opx-cpx) are 0.30, 0.25 and 1.20, respectively
(Roeder, 1974; Grove and others, 1982; and Lindsley, 1983). KDF&/M2(s1_1) and
KDFe/ Mg(cpx-l) are independent of temperature, xpFe/ Mg(opx-cpx) is temperature
dependent, but will vary less than 10% over the temperature range of Makushin magmas
(Lindsley, 1983). From the three known KDF¢/M& KDFe/M8(nx_1) and KDF&/ME(o1-cpx)
can be calculated by simx-nle algebra and should be 0.30 and 1.20, respectively.

Apparent KDF®/M8q for all analyzed samples from Makushin and its flank vents are in
table 2. In all cases KDF®/M8g were calculated using the most magnesian core of each mineral
and the whole rock composition. Using the most magnesian cores and whole rocks alleviates the
need to correct for in situ fractionation and will reflect true equilibrium if the liquid, before
crystallization, was multiply saturated with ail phenocryst phases. A second set of KDFe/ Mgs
for LR-02 is inchuded using the compositions of anomalously Mg rich ¢cpx and olivine.

In general, the apparent KDF®/M&g are not acceptably close (+ 0.02) to equilibrium
KDFe/M8;  Apparent values of KDF®/M8(x1-1) which are smaller than equilibrium values
indicate that the crystals are too magnesian and that at least part of the population of that
species must be xenocrysts. Apparent values of kpFe/ Mg(xl-l) which are greater than
equilibrium values indicate that crystals are too iron rich to be in equilibrium with the enclosing
magma. Such crystals are also usually xenocrysts, but in the few cases where all KDFe/Mg(xH)

are equally large, all KDF®/M8(xi_x1) approach equilibrium and the whole rock compositions
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are enough above model MgO-Rb fractionation lines, then selective concentration of
phenocrysts in the host magma may have occurred. Md-14 is a case in point.

The first order conc¢lusion that can be drawn from consideration of mineral-mineral and
mineral-liquid equilibria is that those samples for which microprobe data exist rarely represent
liquid compositions. In situ crystal accumulation is rarely a sufficient explanation for the
apparent disequilibria. Instead, and especially in cases where some mineral species are too
magnesian, and others too ferroan, complex processes involving crystal accumulation, magma
mixing and selective crystal entrainment of pieces of young cumulate bodies are required to
explain the disequilibrium. Detailed microprobe studies sufficient to discriminate multiple
populations within individual mineral species could possibly provide enough evidence to sort out

the relative contributions of such processes.

Analyzed samples of QTvc span the range of all analyses of northern Unalaska lavas,
These compositions are graphically depicted in silica variation diagrams in appendix 4, and run
from basalt to dacite. These analyses define continuous, moderately tightly clustered, linear or
curvilinear arrays on the variation diagrams. I[n reconnaissance interpretations of the Makushin
magmatic system such clustered arrays have been used as permissive evidence that the entire
Makushin system 1s comagmatic and related to a single, large, long lived magma chamber
(Swanson and others, 1983; Swanson 1983).

However, such an analysis breaks down under close scrutiny. This close scrutiny
suggests that the plumbing system giving rise to QTvc lavas is, on the whole, relatively small
and temporally discontinuous, Several lines of evidence specifically require a rather complicated
picture of the shallow plumbing system feeding QTvc. First, tavas which are spatially and/or
tamporally restricted span a wide range of composition, Figure 8 shows select elements as a

function of Sioz, with QTvc samples from different locations and ages are plotted as separate



13

symbols. In figure 9 Qhv samples have been plotted as separate symbols by area. In figure 8
note the wide degree of overlap between different groups and the wide compositional spread
within groups. Such inhomogeneity within groups yet constancy between groups is best
interpreted as representing eruption from a fairly small, frequently resupplied magma chamber.
‘Such a chamber would fractionate rather rapidly because of its smatl size (thus high rate of heat
loss) and could erupt anything from basalt to dacite within a fairly short time pariod. Such a
chamber must also be resupplied at frequent intervals, thus permitting such features as the
factor of two variation in K5O at a given 5i0O, concentration of the Pleistocene Makushin Vol-
cano analyses, widespread mineralogical disequilibrium (table 2), and scatter above the Mg-Rb
fractionation path (fig. 4).

Frequent resupply of a small chamber is also indicated by the wide range in K/Y ratios
shown in figure 5. K/Y ratios will not vary as a function of the extent of fractional
crystalization, and thus can only vary if the K/Y ratios of the parental magma changes. Most
Makushin units have K/Y ratios which vary beyond the range of analytical imprecision. This
requires either eruption of successive, different, magma batches or mixing of incoming magma
with a preexisting, shallow magma chamber (consideration of mineral equilibria suggest that the
latter may be a more common mechanism).

Consideration of Mg-Rb systematics also requires complicated plumbing feeding
Makushin Volcano. Samples which lie above model fractionation lines in figure 4 are a product
of mafic phenocryst accumulation, magma mixing, or both. Note that in figure 4 those samples
which plot above the model fractionation lines are usually Pleistocene QTvc. Consideration of
mineral-melt equilibria (section 3.5, table 2) suggests that only some of these compositions can
arise by in situ accumulation of phenocrysts. Magma mixing or selected xenocryst entrainment
is required when KDF¢/ME(x]1_x1) are not equilibrium values or when KDF®/M8(x1_1) are not
equally smaller than equilibrium values.

Holocene lava and tephra (M1 and M2 samples) are generally more siliceous than older

QTve. 62% of all M1 and M2 analyses are >58% SiO,. 70% of all analyzed samples over 58%
2
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SiOz, and virtoally all dacites, are M1 and M2 series. This suggests that there i3 currently an
evolved, shallow chamber which, since it is more evolved than normal for the volcano, may
have been in place for a comparatively long time. Evidence from whole rock and mineral
chemistry requires that this chamber has been periodically reinjected, as noted for other QTvec,

above,

vy - Volcani

Qhv samples are erupted products of short-lived relatively high volume eruptions. Such
eruptions typically form monogenetic flank vents and volcanoes, but in one case such an
eruption came from the central Makushin Volcano. Geomorphic evidence requires that all
major Qhv deposits were emplaced between 11,000 and 3,000 years before present (see Section
3.3).

There are 3 major Qhv centers (Pakushin cone, the Lava Ramp and Table Top Mtn) and
4 smaller centers (Sugarloaf Cone, Wide Bay Cone, the Point Kadin vents and the deposit at
Cape Wislow), These will be described individually below. In contrast to QTvc, Qhv centers
are either chemically homogeneous or have distinct, recognizable features,

Figure 9 shows that analyses from individual Qhv centers are restricted to relatively
small portions of the total compositional spread, especially with respect to temporally or
spatially related QTvc (fig.8). This chemical homogeneity extends to elemental ratias which will
not change during fractional crystalization. For instance, K/Y ratios from Qhv centers are
tightly grouped, especially compared to temporally or spatially related QTve (fig. 5). This
chemical homogeneity suggests that samples from individual Qhv centers are comagmatic.
Differences in composition between centers, especially differences in K/Y, require that
individual Qhv centers are not produced from a common magma chamber.

Pakushin Cone is the southernmost Qhv vent, and is about 7 km SSW of Makushin's

summit. The basal and distal parts of the cone are pyroclastic matarial, at least the basal part of
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which contains large bombs of basalt containing olivine and aluminous diopside xenocrysts. The
bulk of the come is made up of basalt and basaltic andesite (50-55% Sioz) spatter and flows.
The flows on the lower part of the edifice have been glaciated but the nested cinder cones and
vents within the summit crater have not been modified by ice movement,

Compared to other lavas at Makushin, the Pakushin Javas have high A1203 (2nd thus low
Ca0/Al,04), FeO* and MgO contents that decrease rapidly with increasing SiO», high Na,0,
X,0 and Sr, normal Rb and low Y and Zr. Pakushin lavas have high K/Y ratios. Pakushin
lavas, save the basal pyroclastic units, have hand specimen appearances uwnique at Makushin and
rare in general. This unique appearance i3 produced by radiating bundles of plagioclase laths
such that plagioclase crystals in hand specimen are of equal size and coin-shaped morphology.
Such textures have been reported from plagioclase crystalization experiments at moderately high
degrees of undercooling {Lofgren, 1974).

On incompatible-compatible element variation diagrams the Pakushin lavas define a
mixing trend between evolved basaltic andesite lying on the fractionation trend and a very high
Mg composition (fig. 10). Mineral compositions and consideration of mineral-melt equilibria
suggest that the high Mg material is xenocrystic diopside and olivine.

The Lava Ramp is the most voluminous set of Qhv flows. These flows issued from the
summit or high east flank of Makushin and flowed down Makushin Valley, then down
Driftwood Valley to within | km of the present coast. These flows have no soil or erosional
debris between them, suggesting that this package of flows was emplaced in a geologically short
time period. These flows are more siliceous than the Pakushin flows and range from $4-59%
ssoz. and have compositions typical of other Makushin magmas. In two places (the D-1 drill
core and at Makushin Canyon) vertical sections of 180 and 200 m, respectively, were sampled
and analyzed. Both sections are broadly isochemical (e.g. fig. 11), although the upper 40 m of
the D-1 core is progressively less fractionated toward the surface. The Lava Ramp appears
vertically isochemical but it is horizontally zoned. The distal portions of the package tend to be

less fractionated. They have lower SiO,, K50 and FeO*/MgO (fig. 12) and higher Ca0/Al,04,
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suggesting eruption of a large, zoned magma chamber. However, the zonation in the magma
chamber was not neccessarily produced by in situ fractionation of a closed system. On
incompatible-compatible element variation diagrams (see fig. 10 for an example) the Lava Ramp
samples fall on a tight linear trend subparallel to, and above the model fractionation line. This
requires fractionation in a chamber with lower DMg or higher Ciz,, either of which is
incompatible with fractionation within the same chamber which produced the Pakushin lavas.

A model fractionation path with DMg of 1.8 is given in figure 4. The Lava Ramp
samples fall near this model fractionation path, but form a straight chord to the path, suggesting
that magma mixing between two compositions which both fall on the fractionation trend has
occurred. A mixing hypothesis for Lava Ramp samples is corroborated by widespread mineral
disequilibrium, both with other crystals and with the host melt. At a first approximation
olivine is near, or slightly more magnesian than equilibrium with the liquid, and is usually
normally zoned. Orthopyroxene, and, to a lesser extent, augite, i3 too iron rich for equilibrium
with the host liquid and i3 reversely zoned.

Mixing between two discreet magma batches is indicated, and our preferred scenario
follows., We suspect that a relatively small chamber of residual two pyroxene andesite existed
under the summit of Makushin. During the same time of construction as other Qhv centers a
large volume of olivine-plagioclase phyric basaltic-andesite rose from depth and entered the
preexisting static magma chamber, causing, by virtue of its higher temperature, convective
ovaerturn, vesiculation, and mixing of the entire system. A combination of volume problems and
gas pressure then caused eruption, with lava dominated by newly arriving, more mafic, magma
erupting first.

Sugarloaf, at the head of Driftwood Valley, has the composition appropriate for the
mafic end member of the mixture which forms the Lava Ramp.

Table Top and Wide Bay Cone together form the other voluminous Qhv centers. These

features are formed of basalts of uniform composition which hold down the most mafic end of
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the Makushin compositional array. These basalts are distinct in hand specimen and carry farge

xenocrysts of olivine and clinopyroxene with subordinate, much smaller plagioclase phenocrysts.

Magmas of northern Unalaska Island are, in the broadest sense, related by fractional
crystalization. This does not, however, imply fractionation of a single magma chamber with a
lifetime long with respect to the age of the volcanic system. Widespread mineral/mineral and
mineral/liquid disequilibrium, variations in incompatible/incompatible element ratios of spatially
and temporally related QTvc samples, and wide compositional ranges of QTvc samples all
provide abundant evidence that the plumbing system feeding QTv¢ is not simple,

Magma mixing, xenocryst entrainment, resupply of the magmatic system by parent
magmas of different compositions and, perhaps, crustal assimitation, must ali occur in addition
to simple crystal fractionation. It is important to a full understanding of the geothermal system
to quantify the extent to which the different processes operate. By virtue of the large data base
at Makushin we are in an unusually good position to do this, although answers can only be
semiquantitative,

In order to produce the wide range in ratios of two incompatible elements, and in order
to produce the widespread chemical disequilibria, newly arriving batches of magma must be
large with respect to the size of the static magma chamber, or glse their effect would be masked
by the shallow chamber, If the static chamber is to be of roughly constant size then the volume
of incoming material must be equivalent to the volume of erupted material in any magmatic
episode. While we have little knowledge of the average volume of juvenile material ejected in a
single eruption at Makushin, eruptions of other arc volcanoes are routinely 10'1 to 10'2 km3,
and eruptions of 1 to 10 km> are extremely rare (Simkin and others, 1981).

3

If eruptions at Makushin are 10~! t0 1072 km , the incomining batch of magma is large

with respect to the shallow chamber, and the chamber remains roughly at constant volume then
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the shallow chamber must be on the order of 10'1 to 1 km3. These figures are only time
integrated averages. If there are large repose times between eruptions then such a chamber
might well complately solidify between eruptions, and during periods of increased volcanic
activity the chamber might be larger. In any case, a shallow chamber volume of hundreds, or

"even tens, of km3

seams very unlikely.

If repose times between eruptions ars on the order of 102 years (Arce, 1983, summarizes
the historic record), and volumes are as described above, then magma supply rates to the upper
crust must be on the order of 1072 or 10'3 km? /yr. Given reasonable estimates of temperature
drops during crustal residence (fig. 7) heat supply rates to the shallow crust of 1013 ¢o 1014
cal/yr are indicated. These heat supply rates are insufficient to explain even the surface heat
flux of small geothermal systems (e.g. Ellis and Mahon, 1977, p. 340).

Eruption of unusually large volumes of material over fairly short time periods occurred
during the early Holocene and produced the Qhv centers. Magma flux during the early
Holocene was several tens of times greater than average for Makushin Volcano. One of these
batches of magma srupted though Makushin Volcano to produce the Lava Ramp. The
uncharacteristically silicic nature of Holocene Makushin Volcano magma (M1, M2 samples)
suggests that a relatively large batch of magma was left behind by the Lava Ramp eruption, and
that that batch has been fractionating with time. Mineral data require that the modern magma
chamber has also been reinjected by new magma, but the silicic nature of the Holocene magmas
suggests that the modern chamber is big enough to overwhelm the newly injected material.
This is notably uncharacteristic of Makushin Volcano’s typical behavior.

We propose that this unusually large Holocene chamber is the ultimate heat source for
the Makushin geothermal systern. Volcanic centers with similarly anomalously high volume,
Holocene, eruptions may also host significant geothermal systems, and search for such
voluminous Holocene systems may be a viable exploration tool in areas where there is little

background knowledge.
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Table 1. K/Ar age determinations.
40 40 40
sample # map # K20 sample Ar r age + 1S
(lab #) (wt %) wt (8) (moﬁ ﬁl{ad 40%%%? (m.y.)
x10- x10=2
MI0 Md-10 1.492 13.5314 0.196 0.0530 0.281 0.9140.03
(83055) 1,497
1.495
0.191 0.0516 0.274 0.89+0.90
0.9040.03
M1i4 Md-14 1.760 10.2882 0.238 0.0543 0.106 0.93+0.03
(83059) 1,780
1.770
M30 Mc-18 0.680 9.6739 0.0671 0.0401 0.0190 0.65+0.06
(83057) 0.670
0.675
M34 Me-01 1.040 11.0586 0.0564 0.0218 0.0299 0.38:0.04*
(83060) 1030
1.045
M39 Me-06 1.638 13.8055 0.0599 0.0150 0.0992 0.26¢0‘01*
(84052) 1,592
1.615
Md4c M3-13¢c 1.187 10.7545 -0.0111 -0.00377 -0.0084 2810
(83061) 1.197 (unmeasurable)
1.192
M47 Mf-03 1.330 12.2446 0.565 0.0171 0.0201 0.30+0.02
(83062) 1330
1.330
M49 Mf-05 1.250 7.7701 0.0616 0.0199 0.0357 0-34i0-04*
(83063) 1,250
L.250

rad=radiogenic; lambda +lambda =0.581x10" Vyr~"; “"VK/K, .;=1.167x10"" mol/mol; =minimum age; ali

samples analysed in the DGGS/UAF GI cooperative K/Ar laboratory, J. Blum, analyst.
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Table 2. FeO/MgO exchange coefficients (KDF®/MB) for all Makushin samples. Values
indicative of equilibrium are underlined. All KDs are calculated using the whole rock FeO/MgO
and the FeO/MgO ratios %f the inost magnesian phenocrysts. Whole rock FeO is derived from
FeQ* with an assumed Fe */Fe“* ratio of 0.175.

map # | ol/l cpx/1 opx/] ol/cpx (0102, 9434),4

LR-02 | 0.431 0.360 0.400 1,198 1,110
| 0,291 0.175 1.660

LR-06a | 0.235 0.330 0.428 0.713 1,297

LR-06f | 0,292 0.453 0.417 0.646 0.922

LR-11 | 0.391 0,240 0.421 1.624 1.751

LR-12b | 0.283 0.372 0.416 0.716 1.116

LR-12n | 0.313 0.288 0,289 1.090 1,008

MI1-01 | 0.198 0.183 0,296 1,081 1.621

Mi-5lc i 0.20§ 0.250 1,222

MI1-51d | 0.214 0.160 0319 1.337 1.993

Mc-18 | 0.438 0213 2.060

Md-04 | 0.582 0.431 0.508 1,349 1177

Md-14 | 0.529 0.581 1.099

Me-03 | 0.365 0.165 221§

Me-06 i 0.646 0.861 1.332

Me-07 } 0.200 0.058 3.439

Mf£-01 | 0.260 0.191 1.363

Mf-04 [ 0.402 0.394 1,019

PC-02 | 0.417 0.293 1.425

PC-06 ( 0.245 0.262 0.938

PC-09 ] 0.251 0.341 0.737

PC-11 | 0.261 0.357 1.370

PK-02 j 0,242

TT-10 | 0.377 0.332 1.136

TT-22 | 1.175

WB-05 } 2.469
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Figure Captions

Figure 1. Map of northern Unalaska Island showing locations of volcanic vents, generalized

geology of Quaternary units and geography.

Figure 2. FeO*(total iron as FeO)/MgO diagram. The tholeiitic (Th) - calcalkaline (Ca) dividing
tine is from Miyashiro (1974). Symbols are as follows: stars, 1ate Holocene Makushin Voleano
(M1 series); crosses, middle and early Holocene Makushin Volcano (M2, M3 and M4 series);
small pluses, Pleistocene QTvc (M5, Mc, Md, Me, Mf, Mg and Mh series); triangles, Lava Ramp
(LR): inverted triangles Sugarloaf (SL); hexagons, Pakushin Cone (PC); squares, Point Kadin
Vents (PK); upright diamonds, Table Top Mountain (TT); and sideways diamonds, Wide Bay

Cone (WB).
Figure 3. Volume percent phenocrysts versus SiO,.

Figure 4. MgO versus Rb for all Makuhsin analyses. Symbols as in Figure 2, with the addition
of large plusses, which are calculated fractional crystailization paths at increments of 10%
fractionation. The model assumes Dp,=0.03, Cigy=7 ppm, DMSO=1.8 (upper 1ine) or 2.2
(lower line), and Cngoalo.O wt %, The values for DMgO span acceptible values when D's are
estimated on 1084 lement VS logRb diagrams. Slopes on log-log diagrams are an accurate measure
the empiracal bulk distribution coefficients (Ds) for a system. The inset shows the effect of
crystal accumulation and magma mixing, in addition to fractional c¢rystallization, on Mg~Rb

systematics. Tic marks on all lines are 10% increments,
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Figure 5. K/Y ratios for different spatially and/or temporally related samples. Since K and Y
have the same empirical Ds (measured from the slopes on l°3element'1°gRb diagrams), the K/Y
ratio cannot vary outside the analytical precision (<10%) among comagmatic samples. Note the

wide range in K/Y among most M groups compared to LR, PC and TT samples.

Figure 6. Compositions of all Makushin analyses of augite, diopside, pigeonite, orthopyroxene
and olivine. Cpx thermal stabilities and 3 phase pyroxene triangles are from Lindsley (1983),

and provide temperature estimates for those samples with coexisting pyroxenes,

Figure 7. Compositions of all Makushin analyses of plagioclase,

Figure 8. 8i0, vs. Al,04 (fig. 8a), FeOt (total iron as FeO, fig. 8b), K5O (fig. &c) and Zr (fig.
8d) for QTvc samples oniy. Symbols are: stars, Holcene Makushin Volcano (M1, M2, M3);
squares, Pleistocene Makushin Volcano (M4, M5); triangles, Eider Point-Cape Cheerful area
(Mc); inverted triangles, west of Driftwood Valley (Md); hexagons, east of Driftwood Valley
(Me); upright diamonds, Cape Kovrishka area (Mf); stdeways diamonds, upper Nateekin and

Makushin valleys (Mg, Mh).

Figure 9. Si02 vs. AlyO4 (fig. 9a), FeOt (total iron as FeO, fig. 9b), K,0 (fig. 9¢) and Zr (fig.
9d) for Qhv samples only. Symbols are: triangles, Lava Ramp (LR); inverted triangles, Sugarloaf
(SL); hexagons, Pakushin Cone (PC); squares, Point Kadin Vents (PK); diamonds, Table Top

Mtn. (TT); and sideways diamonds, Wide Bay Cone (WB).

Figure 10. MgO vs. Zr for Lava Ramp and Pakushin Cone samples, and for a model fractional
crystallization path. Values for D's and Ciz,. are taken from regressions of all Makushin data
and represent empiracal best estimates for these values at Makushin. The Pakushin data fall on

a mixing trend between fractionated magma and ferromagnesian phenocrysts. The Lava Ramp
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data require magma mixing and/or fractionation at lower DMg or higher Cip_ than at Pakushin

(either of which preclude comagmatism between Pakushin and the Lava Ramp).

Figure 11. FeOt(total iron as FeO)/MgO vs. depth below the surface for the two vertical
sections through the lava ramp. The Makushin Canyon section also has higher CaO/A1203 and

lower Si02 and incompatible trace elements.

Figure 12, FeOt/MgO vs km from an arbitrary location on the SE flank of Makushin Volcano

for all Lava Ramp analyses.
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Appendix 1 ~ Sample Descriptions

Samples are listed alphabetically by map number (see section
3.2). Ages are estimates based on relative glacial stratig-
raphy. Mineralogy is either based on point counts by Swansan
(n=800-500) or visual estimates by Nye (++=dominant consti-
tuant; +=major; ==minor; tr=trace)., Field numbers consisting
of single integers are from Drewes and others (1961).



Makushin sample descriptions

Bap fietd map mineralogy
no. no. unit location age comments plag ol  cpx  opx mt % ph comments
Bimgt3  Tg
83myB5 Ig
83an03 Tu W of Glacier Tertiary lava flow (?)
-0 us20b ghv Cape Wislow Holtocene (7}
CcW-02 g4482un  Qhv  Cape Wislow Hotacene
LR-02 8345  ohv  Lava Ramp early Holocene lower Drift. + + - - 40
Lr-03 &ir8im @hvy  Lava Ramp early Holocene
LR-04 u35ra2 Ghvy  Lave Ramp earty Hotocene Driftwood Val
LR-05 ub271 Ghv Lava Ramp early Holocene .
iR-0éa  B3mn52 ohv lava Ramp early Holocene Mak Canyon + - + t 40
LR-06b  B3mnS3  @Ghv  Lava Ramp early Holocene Mak Caryon + - * * - 35
LR-06c  83m54 Ghv  Lava Ramp early Holocene Mak Canyon 2 - + + - 3
LR-06e 8356 chv tava Ramp early Holocene Mak Canyon - - + - - 40
LR-06f  83m57  Ghv  Lave Ramp early Holocene Mak Canyon ++ - + + - 35
LR-07 83m40  ahv  Lava Ramp early Holocene Mak Canyoh + + - - 40
LR-08 12 Ghv  Lava Ramp early Holocene
LR-09 w3 Ghv  Lava Ramp early Holocene 2r  tr 4 3 tr 34
LR-10 ulB6ri  shv  Lava Ramp early Holocene upper end
LR-11 mt9 chv  Lava Ramp early Holocene 33 1 8 2 1 45
LR-12a d1-380 ghv Llava Ramp early Holocene TG hole D1
LR-12b  d1-409 ghv Lava Ramp early Holocene 16 hole p1 + tr + 4 40
LR-12¢ d1-465 ghv  Lava Ramp early Holocene TG haole p1
LR-12d d1-520 Ghy Lava Ramp early Helocene T6 hole D1
LR-12¢  d1-584 chv Lava Remp sarly Holocene TG hole D1
LR-12f d1-635 Ghv  Lava Remp early Holocene TG hole Dt
LR-12g di-721 chy  Lava Ramp early Holocene TG hole D1
LR-12h d1-745 hv  Lava Ramp early Holocene 16 hole D1
LR-12i di-792 Ghy Lava Ramp early Holocene TG hote D1
LR-12j d1-820 ahv  Lava Remp early Hologene 76 hole D1
LR-12k d1-867 chv Lava Ramp - early Holotene TG hole DY
LR-12Zm d1-874 ¢hv  Lava Ramp early Holocene TG hole D3
LR-12n  d1-931  ohv  Lava Ramp earty Holocene 1G hole D1 + . * + 35
LR-13 83mq102 Ghv  Lava Ramp early Holocene
LR-14a u203c5 Ghy  Lave Ramp early Holocene upper end
LR-14b u2l3e? Ghvy  Lava Ramp early Holocene upper end
M1-0% B3mnh t RIve Mak canyon late Holocene ashflow bleck + - * - - 10
#1-02 u190r QTve Mak val, near E1 late Holocene ashflow black
M1-03 us2r82 OTve Mak val, near E1 late Holocene ashflow block
#1-G5 83mné3  OTve Makushin fiank, E late Holocene bomb 0w vt 10
M1-07 8umd6  QTve Makushin flank, NE late Holocene cinders ++ + . - 15 tuff ?
M1-13b mhéb OTve Makushin ftank, W (ate Holocene loose block 2 1 1 4
M1-51h m43hb QTve caldera rim tate Holocene young bomb 12 tr 1 1 i 15
M1-51¢ mh3c OTve caldera rim late Holocene young bonb 14 i 1 16
Hi-514d mi3f 0Tvec caldera rim tate Holocene young bonb 17 tr 1 1 13

spl descr. 1
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Makushin sample descriptions

map field map mineral ogy

no. noe. unit Llocation age comments plag cpx OpKx mt % ph comments
M2-03 8357 QTve Makushin flank, NE Holocene lava flow

nz -0 u29rs2 QTvc Makushin flank, M Holocene mbove FF #7

H2-10 wisrg2 QTve Makushin flank, W Hotocene above FF #7

M2-11 u49raz Qfvc Makushin flank, N Holocene ? dike ?

M2-12 21 QTvc Makushin flank, NW Holocene lava flow

MZ2-15 e . QTve Makushin flank, S Holocene

M2-16 83mn83 QTvec Makushin flank, S Holecene lava flow + + - - 35
Mz2-17 usTst Qivc Makushin flank, § Holocene flow

M2-25 ub6ra2 QTvc Makushin flank, § Holocene flow, high alt.

MH2-26 wb7r§2 QTve Makushin flank, § Helocene flow, high att.

M2-32a u2ldr1 QTve Makushin flank, E Holocene

M2-35 16 QTve Makushin flank, S Helocene

M2-51a m43a QTve caldera rim late Holocene young bomb 10 2 t 13
W2-52a u2drg2a QTvc caldera rim Holocene caldera rim

M2-52h u28r82b QTve caldera rim Holocene caldara rim

M2-52c uz28r2c QTvc caldera rim Holocene catdeca rim

H2-52d u2Brg2d dTvc caldera rim Holocene caldera rim

M2-53 wihb QTve caldera rim Holocene caldera rim

Me-54 ubh S QTvc caldera rim Holocene

N2-55 ub42 aTve caldera rim Holecene caldera rim

M3-13a  mida QTvc HMakuhsin flank, W early Holocene

M3-13c W4 C QTve Makuhsin flank, W early Holocene 21 4 1 1 29
N3-24 ubbri2 aTve Mekushin flank, SE early Kolocene ?

H4-27a ul4ré QTvc upper Glacier late(?) Pleistocene

Me-27b  u194r5 QTvc upper Glacier late{?) Pleistocene

M4 -29 uS4st Qivc upper Glacier Late(?) Pleistocene

M4-30 ulésl Qive upper Glacier late(?) Pleistocens

M4 -31 uS4s1 QTvc wupper Glacier late(?) Pleistocene

N&-32  u20Br2 QFve Makushin Flenk, E late(?) Pleistocene .
M4-33 uiBs? QTvc Makushin flank, E late(?) Pleistocene

M- 34 u207r1 QTfvc Makushin flank, E tate(?) Pleistocene

M4 -36 ubs? Qfve Makushin flank, SE tate{?) Pleistocene

M5-04 mig OQTve Makushin flank, E Pleistocene

M5-05 ubdd 0Tve Makushin flank, NE Pleistocene

M5-14 us9s OTve Makushin flank, SW Pleistocena

M5-18 83mni1 GTve Makushin ftank, § Pleistocene ++ + + 45
M5-19 83mn10 QTve Makushin flank, S Pleistocene

M5-20 83mn0D% @Tvc Makushin flank, § Pletstocene + + - 45
#5-219 83mg24 @Tvc Makushin flank, § Pleistocene

M5-22 83mge5 OTvc Makushin flank, S Pleistocene

M5-23 B3mge7 OTve Makushin flank, S Pleistocense

Mc-01 u201r? OTvc Eider Point Pieistocene

Me-02 uibirt QTve Eid Pt - € Lh Pleistocens’ W Cone 7227227

Mc-03 ut4?rt OTve Pleistocene

Eid Pt - C Ch

spl descr. 2
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Makushin sample descriptiong

map field map mineral ogy

no. ne. unft location age comments plag ol  cpx  opx mt ¥ ph comments
He-04 uls2r oTvc Eid Pt - C Ch PLeistocene

Mc-05 83mnB0 QTve Eid Pt - € Ch Pleistocens

Mc-06 83mn79 Qivc Eid Pt - C Ch Pleistocene ++ + 35
Mc-07 835mn78 QTvc Eid Pt - C ch Pleistocens

Mc-08 w1401 QTvc Eid Pt - C Ch Pleistocene

Mc-09 m32 QTve Eid Pt - C Ch Pleistocens 21 & & 33
Mc-11 ulé7r1 QTve Eid Pt - C Ch Pleistocene

Mc-11a ui58r2 @lvc Eid Pt - C Ch Pleigtocene

He-11b u158r3 QTve Eid Pt - C Ch Pleistocene

Mc-13 5 QTve Eid Pt - C Ch Pleistocene

Mc- 18 m30 QTvc Eid Pt - C Ch Pleistocene 28 8 9 45
Md-04 e QTve E of Driftwood Pleistocene 30 1 & 4 1 40
Wd- 056 md QIve E of Driftwood Pleistocene 47 3 3 1 54
Md-10 m1d Qivc E of Oriftwood Pleistocene 20 tr 7 3 tr 30
Md-14 w4 QTvc E of Drifowood Pleistocene 20 2 7 4 tr 33
Md- 16 ms QTve E of Driftwood Pleistocers’ ) 18 5 7 2 33
Md-20 8 QTvc E of Driftwood Pleistocene

He-01 m34 QTve W of Driftwood Pleistocene K3 3 34
Me-02 m35 Qfvc W of Driftwood Pleistocene 33 1 4 38
Me-03 w36 QTve W of Driftwood Pleistocene 30 2 3 tr tr 35
He-04 7 QTve W of Driftwood Pleistocene 29 4 3 36
He-05 m35 QTve W of briftwood Pleistocene : 45 5 1 1 52
Me-06 39 QTve W of briftwood Plaistocena 3 tr 3
Me-07 m40 Qivce W of Driftwooed Pleistocene 20 5 7 tr 32
He-09 mi? QTfvc W of Driftwood Pleistocene 34 [ 3 43
Mf-01 mi5 RTve Point Xovrishka Pleigstocene 14 3 a8 S 1 3
Mf-02 m45 QTve Point Kovrishka Plejstocene 21 1 2 2 29
Mf-03 ma7 @Tvc Point Kovrishka Pleistocene 26 1 tr tr 27
Mi-B4 [ AL 0lve Point Xovrishka Pleistocene Y4 a 1 tr 56 N
Mf-05 w49 QIve Point Kovrishka Pleistocene 46 tr 10 56
Mf-16 mk3a afve Point Kovrishke Pleistocene

Nf-17 mk15 QTve Point Kovrishka Pleistocene

Nf-20 11 oTvc 5 of Pakushin Pleisgtocene

Mg-01 6 QTrve S of Mak Valley Pleistocene

Mg-03 18 QTvc 5 of Mak Valley Pleistocene

Mg- 04 83mnds Tu S of Driftwoed early Pleist. 7 sill

Mg-05 83134 Q@ivc upper Nateekin Pleistocene + tr + . . 35 ol resorbed
Mg- 04 B3mn39 GTve upper Nateekin Pleistocene + - + - - 35
Mg-07 83mn34 Tu upper Nateekin Pleistocena () dike

Mg-08 B3mn33 QTvc upper Nateekin Pleistocene + - 30
Mh- 05 83mn23 Tu E of Glacier Pleistocene + 25
PL-(1 83mnd1 Ohv  Pakushin Cone early Holocene

PC-02 m21 Ohv  Pakushin Cone early Holocene ot 50
PL-03 83mnd2 Grv  Pakushin Cone earty Holocene + 75

spl descr. 3

14



Makushin sample descriptions

R field map mineralogy

no. no. unit Llocation age comments plag of cpx opx mt X ph comments
PC-04 B34 ahy  Pakushin Cone early Holocenre -+ - - - 35

PC-05 2385 Ghy  Pakushin Cone early Holocene + - + + - 40

PC-G6 83mnB6 thv  Pakushin Cone early Holocene basal pyro. + + - 20

PC-07 7 chv  Pakushin Cone earty Holocene

PC-08 83mn29 Ghy  Pakushin Cone early Holocene ++ ir + - 35

PC-09 83mn25  Ghv  Pakushin Cone earty Kolocene basal pyro. + + 30

PC-10 83mn24 Qhy  Pakushin Cone early Holocene * - + - 40 cpx pl mt clots
PC-11 m20 Ghv  Pakushin Cone early Holocene &0 5 3 3 50

pC-12 83an28 ghv  Pakushin Cone early Holocene sumit cone ++ + - - 50

PC-13 a3mn27 Ghy  Pekushin Cone early Holocene summit cone

PC-14 A3mn2é Ghv  Pekushin Cone early Holocene sumpit cone + - + - + 50 epx in clots
PC-15 ublsi ghvy  FPskushin Cone early Holocene summit

PC-20 u7ir82 chvy  Pekushin Cone early Holocene

PC-50 u5154h ¢hv  Pakushin Cone early Holocene

PK-01 us3Bh chv Pt Kadin Vents #olocene

PK-02 2 chy Pt Kedin Vents early Holocene 2 tr Fd

PK-03 ub38a Chvy Pt Kadin vents late Holocene

PK-04 ub3Bc ghv Pt Xadin vents late Holocene

PK-05 gk782un  aQhv Pt Kadin vents late Holocene

SL-01 ub281 ohy  Sugarloaf early Holocene

5L-02 us5r82 ghv  Sugarloaf early Holocene

Ti-01 ulédar3 Qhy Teble Top early Holocene

17-02 83mn73 chy Table Top early Holocene bomb, crater + + + - 30 cpx clots
TT-04 83mn74 @hy TYeble Top early Helocene flow at base

T1-05 u173c1 Qhy  Taeble Top early Holocene

TT-0é 83mn75 chv Table Top early Holocene flow at base

T1-07 3 Ghv  Teble Top early Holocene )

71-08 ulésr ¢hv Table Top eariy Holocene

T1-0¢ 83m7s Chv  Table Top early Holocene flow at base .

TT-10 83mn77 Qhv  Table Top early Holocene flow at base + + 50

wB-01 uést ghv  Wide Bay Cone early Holocene

wE8-02 u24s1 ohv  Wide Bay Cone early Holocene

wi-03 ulésr1 ghv  Wide Bay Cone early Holocene

We-04 4 ghy  Wide Bay Cone eally Holocene

WB-06 u2i2r ghy Wide Bay Come early Holocene



Appendix 2 - Whole Rock Analysas

Samples are listed alphabetically by map number. All analy-
gses are by XRP at DGGS, Fairbanks. Major elements are re-,
ported normalized volatile free, with the original LOI and
totals presarved. Those samples with Fe0O have Fa0 determined
by standard titration methods. Hhere weight gained by the
oxidation of iron exceeds water dissolved in the rock LOI is
negati ve.

Those samples with complete trace element analyses were ana-
lyzed by Nye at UCSC. For these trace element analyses con-
centrations are accurate to at leasft 5% relative or 1 ppm,
whichever 1s greater. In addition, V¥, Cr, Ni, Ba and Ce are
accurate to 3% relative, but are no better than + 2-3 ppm
Detection limitg for all elements are a few ppm except for
Ni and Ba, which have limits of 5-10 ppm due to tube inter-
ferences. Precision is much better than accuracy.

Those samples with only Rb, Sr, Y, Zr and Nb reported were
analyzed by B. Farris at the DGGS XRF laboratory. Precision
and accuracy are similar to the UCSC values.

DGGS and UCSC data from samples analyzed in both labas com-
pare favorably, with the exception of Nb, where DGGS data
are systematically 1-2 ppm higher than UCSC data. It is un-
clear which lab produces the most accurate Nb data.

K. P and Ti are calculated from the major element data.
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Makushin whole rock compositions - normalized to 100% anhydrous - original totals and LOIs
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Makushin whole rock compositions - normalized to 100X anhydrous - original tatals and LOLs
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Makushin whole rock compositions - normalized to 100% anhydrous - original totals and LDls

wap no.
field no.

$i02
Ti0p2
At203
Fe203
Fed
Hn0
MgO
Cal
Ha20
K20
P205
Lol
Fotal

Rb

K
Ba
sr
La
Ce
1]

Y

[
2r
Nb
Ti

Vv
cr
Ni

Felrk fMg0
Cal/AL203
K/Rb
Rb/Sr
Ba/La
RbsY
Rb/2Zr
Cesy
ZrfNb
riY
Y/Nb

LR-12m
dl1-874

Séomuono
I i i o

sl
ey |

14346

380

LR-12n
d1-931

BENJIBERB: NSRE

3 ' >
CO=LONG QO
H

—_
£
S
o

373

LR-13
83mq102

55.87
1.00
17.31
.52

ARBEEKES

-
=]

[~ N-N- TR NET -]
N . .

3
3

497

24

icg
6.4
6021

2.52
0.42
498
0.052

0.24

e
bt =y
(= =]

LR-14a
u203rs

N~

7008

3.26
0.35
69130

i
bl
B

DQQ#&*“!\JQ\JNO\—&
RBEIRRAESRERIG

—
L)

.

*

-
Q

14233

1305

6514

M1-01
83 1

59.38

. * - L] L
NEDNSYERE

+

81‘:‘9—‘3“-\1‘1\)1:!

—

£
n

15730
357

40
1082
178
7.7
6602

Mi-02
ul90r]

5.75

.

P

Séo—lJ‘D\ND
RRUNRERS

—t
F
P
=

6504

VBINBS R

O - A DV s

15194

6705

M1-05
83mnb3

59.23
1.10

39
1125
179
7.4
65600

3.92
0.32
388
0.11%

1.08
0.23

2

W e ra

4.
4.
5.

M1-07
Blandé

-
3
=
LA

306

45
1127
210
7.9
5537

5.02
0.25
386
0167
.13
.24

P Y

2

YN

&
&.
5

M1-13b
da4b

52.18
1.07
16.00

P20~ MNP D~y

.

8QQN\J1&‘--A{=IUI_..
h i v

—
g
_ -
[« W]

3

20
1222
62
5.8
6415

4.53
0.28
1386
0.023

G.65
0.2%

10.
3.
3.

ooy

M1-51b
we3h

S8.49
1.13
17.53
2.02
5.52
0.18
2. 14
6.49
4.61
1.65
0.24
0.22
99.86

35
13698

385

37
1647
160
7.2
8774

M1-51c
mi3c

ot
[

hahgooh

N&Dﬂu#"m—b

—
o

.

:3 D OMNWMS =D~
v v

e B A R ]

[

LY, |
—

18284

297

45
1135

M1-51d
w3 f

58.44
1.1
17.66

M2-08
B3anaT

43
920
185

12 -Apr-85

AS



Makushin whole rock compositions - normalized to 100X aphydrous - eriginal totals and LOIs

RBap no. M2-09 H2-10 M2-1 M2-12 MZ2-15 H2-16 m2-17 H2-25 M2-26 M2-32a M2-35 M2-51a HM2-52a M2-52b M2-52c¢

fleld no. u29rB2 uU45rB2  UASIrB2 21 10 83an33 w7s1  ubsr82 wh7r82 u208r1 16 mh3a u2Br82a u2B8rB2b u2Br82c
sin2 54.42 60,89 58.52 62.59 53.79 53.78 53.00 52.17 53.46 53.71 56.B8 63.02 57.97 S7.37 63.25
Tio2 1.0 1.16 1.12 0.99 0.92 1.12 1.06 1.05 1.06 1.02 0.98 1.00 1.09 1.22 0.98
AlL203 16.44 15.96 17.25 15.30 19.19 17.56 18.56 18.24 18.07 18.04 16.78 15.96 17.70 16.96 15.66
Fe203 7.7 2.846 1.72 1.59 3.20 10.51 2.87 x.83 2.68 2.86 2.81 3.23 2.3 3.63 2.65
FeQ 2.02 4.96 &N 5.37 5.05 5.97 5.83 6.64 6.70 5.63 347 5.49 6.16 3.9
M0 0.19 8.1%9 ¢.18 0.19 0.17 0.19 0.18 0.19 0.19 0.28 0.17 .18 0.18 0.20 06.17
HgO 5.02 2.32 2.54 1.8% 3.9% 3.89 4.10 4.71% 4. .34 .32 3.72 1.48 2.57 2.65 1.89
CaQ .77 5.45 6.83 4.67 9.30 7.84 . 9.46 $.88 .28 B.48 7.64 4.34 7.09 6.3 4.70
Ha20 3.0 4.08 3.92 4 .87 3.35 3.42 3.64 3.06 in 3.43 3.72 4.98 3.85 3.68 4.46
K20 1.16 1.82 1.57 2.09 0.7 t.28 ¢.98 0.89 0.99 0.95 1.41 2.11 1.48 1.52 2.00
P205 0.23 0.30 0.24 0.35 0.18 0.21 0.18 0.14 0.17 0.20 0.26 6.23 0.23 0.30 0.2%
Lot 0.79 0.17 0.00 0.18 0.16 -0.01 ~0.44 g8.08 -0, 0.00 0.57 0.54 0.464 06.81% 0.86
Total 9969 99.54 ©8.38 100.82 99.70  100.51 99.97 98,15 9B.77 99.72 100.08 99.40 $7.85 97.45 99.39
Rb 25 0.41 49
K - 9649 15121 12995 17349 7555 10654 8155 7365 8219 7909 11705 17516 12272 12628 16598
8a
sr 114 298
La ’
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Nd
Y 2 S ' 41
P 1527 7854 912 873 1135 1004
Zr 122 205
Nb 7 7.7
Ti 6059 5938 6703 5934 5516 6739 6375 5294 6360 6132 5875 5995 6524 7320 5902
v
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Feld* /Mg0 1.49 3.24 3.0 3.65 2.0 2.43 2.08 1.97 2.08 2.14 2.1%9 45.31 2.96 3.56 3.35
Ca0/AL203 0.47 0.34 0.40 0.3 06.48 0.45 0.51 0.54 9.51 0.47 0.46 0.27 0.40 0.37 6.30
K/Rb 4258 19891 357
Rb/Sr 0.056 0.164
Basla
Rb/Y 0.89 1.20
Rb/2Zr 0.20 0.24
CefY 0.00
Zr/Mb 7.4 26.6
rfyY 4.4 5.0
Y/Hb 4.0 ’ 5.3
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Makushin whole rock compositions - normalized to 100% anhydrous - original totals and LOIs
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Makushin whole rock compositions - normalized to 100X anhydrous - original totals and LOIs
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Hakushin whole rock compositions - normatized to 100% aphydrous - original totals and LOIs
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Makushin whole rock compositions - normalized to 100% anhydrous - original totails ard LGIs
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Makushin whole rock compositions - normatized to 100% apnhydrous - original totals and LOIs
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Makushin whole rock compositions -~ normalized te 100% anhydrous - original totals end LOis
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Makushin whole rock compositions - normatized to 100% anhydrous - eriginal totals and LOls
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Makushin smhole rock compositions - normalized to 100% anhydrous - original totals and LOIs

map no.
field no.

5102
T{02
Al203
fe203
FeD
HrO
MgO
CaQ
Nazo
K20
-P205
LOI
Total

Rb
K
Ba
sr
La
Ce
Hd
Y
P
Zr
Nb
Ti
v
Cr
Hi

FeG* /MgD
CalsAL2D3
K/Rb
Rb/SP
Ba/lLa
Rb/Y
Rb/Zr
Ce/Y
2r/Nb
rsy
¥/ND

We- 04

£

55750 #9760
09 ©0.%%
Bedt /4. 5O
358 3.20
20

3

& N Oy o) -
c%—o WNLQ DR

Pt

9

BB 78S

5875 5276

0;40 a9.70

D
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Appendix 3 - Mineral Analyses

Mineral analyses are reported in the order plagioclase,
olivine, Ca-rich c¢linopyroxene, orthopyroxene, pigeonite and
magnetite/spinel. Analyses within each group are alphabet-
ized by map number. Cores and rims from the same gra«n are
enclosed by parentheses.

Olivine and plagioclase data are recast into atomic amounts
assuming that there is no Fe*?. Pyroxenes are recalculated
by the method of Lindsley (1983), where non-quadrilateral
components and Fe®® are calculated stoichiometrically.
Spinels are recalculated on the ulvospinel basis and asgssume
that the minerals are stoichiometrically correct.

Analyses ware obtained from the Washington State University

fully automated Cameca microprobe. Those analyses from sam-
ples with field numbers starting with "m" are by S.E. Swan-

son, all others are by C.dJd. Nye.



Makushin plagioclase compositions

Lk-11

m1y

{core

3

Wt% oxides

§io2 53.93

Al203 23.91

Fed 0.65

Cad . 9.56

Na2o 5.49

K20 0.42

tat 95.96
atoms per 8 oxygens

5i 2.5370

AL 1.4370

Fe 0.0256

Ca 0.4319

Na 0.5008

K 0.0252

tot 5.0075

An  (_4904

Ab  0.49469

Or  0.0250

LR-11
nl9
rim)
4

62.28
21.41
0.46
3.3
8.36
1.79
97.61

2.8374
1.14%
0.017%
0.1616
0.7385
0.1040
5.0089

0.1795
0.7355
0.1036

LR-11
ml?
(core

=

.
-l
E ]

So-3okb
LRI

.
[
-y

LR-11

2.4157
1.5527
0.0246
6.588t%
0.4382
0.0151
5.0346

0.5730
0.4208
0.0145

2.4775
1.5192
0.0204
0.4890
0.4958
0.0180
5.0198

0.4965
0.4944
0.0180

LR-11

pl 1

SLWR-11
mi9

2.65641
1.3130
0.0309
0.3207
0.6494
D.G518
5.0299

0.3306
0.6355
0.0507

Lr-11

53.22
27.36
0.98
10.16
5.61
0.41
97.74

2.4720
1.4983
0.0381
0.5057
0.5053
0.0243
5.0436

0.5002
0.4881
0.0235

2.5640
1.4226
0.0191
0.4444
0.5334
0.0157
4.9992

0.4545
0.53469
0.0158

55.61

26.31
0.51
2.15
6.05
0.28

97.N1

2.5565
1.425%
0.0196
0.4507
0.5393
0.01564
5.0084

0.4553
0.5358
0.0163

H1-51c
mi3c
{core

2.53%96
1.4372
0.01%1
0.4911
0.4944
G6.0152
4.9965

0.4983
0.4941
0.0151%

M1-51¢
malc
rim)

4

56.31
26,54
0.43
?.56
5.7
0.27
99.02

2.5587
1.4217
0.01563
0.4655
0.5207
0.0157
4._9986

0.4720
0.5198
0.0156

M1-51c
mh3c

{core
5

54 .86
27.01
0.53
10.62
5.21
0.2%
98.52

2.5145
1.4595
0.0203
0.5216
0.4630
0.0170
4.9958

0.5297
0.4623
0.0169

Mi-51c
whic
rim)

56.26
26.24
D.&0
9.87
5.95
0.27
99.19

2.5581
1.4066
0.0228
0.4809
0.5246
0.0157
5.0087

0.4783

0.5137
0.0153

15-May-85
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Makushin plagioclase compositions

Md- 04 Md- 04 Md-04 Md-04 ud-04 Md- 14 Md-14 Md-14 Md- 14 Md-14 Md-14 Md-14 Md-14 Md-14 He-03
-1’4 4 m04 wi 177 ml4 mi4 mit mi4 mié w14 ml4 ml4 mi4 m3b
rim) {core rim)y gms gms {core rim) (core rim) {core rim) 9IS ains gms (core
19 20 21 22 23 1 2 3 4 5 6 7 8 9 14

wt¥ oxides
5102 54.10 54.60 54 .83 54.18 53,59 sz2.11 56.06 54 .89 S&. 66 53.70 54 .65 52.99 51.98 59.66 45.37
Al203 26.91 27.01 2B.86 27.19 27.73 29,19 28,14 27.26 27.60 28.32 27.10 28.28 29.13 24.82 33.52
Fe0 0.87 0.61 0.80 1.1 1.00 0.70 0.78 0.65 0.69 0.75 0.60 0.97 0.99 0.82 0.5
Cad 10.62 10.42 10.13 10.60 10.97 12.55 11.25 10.73 11.03 11.80 10.75 12.28 12.75 7.14 17.34
Ka20 4.87 5.20 5.43 S.46 4.79 &.14 5.2t 5.37 6.4 487 5.29 4.23 4.07 7.52 1.62
K20 0.38 0.45 0.46 0.38 0.33 0.25 0.40 0.4 0.40 0.40 0.41 0.26 0.26 0.45 0.04
tot 97.75 98.29 100.51 98.82 9846 98.%% 99.84 99.31 29.32 99.84 98.80 99.01 9218  100.43 98.20

atoms per 8 axygens

Si 2.5038 25108 2.467% 2.4BB4  2.4682 2.3932 2.458Y 2.5022 2.4907 2.4447 2.5035 2.4332 2.3889 2.6645 2.1317
Al 1.468B3  1.4643  1.5311 14723 1.5057 1.5818 1.50B9  1.4650 1.4B27 1.5199 1.463&8 1.5309 1.5783 1.3068 1.8457
Fe 0.0337 0.0235 0.030! 0.0388 0.0385 (0.0269 0.0297 0.0248 0.0263 0.0286 0.023¢ 0.0372 0.0381 0.0306 0.0200
Ce 0.5266 0.5136 0.4884 0.5217 0.5414 0.6181 0.5483 0.5241 0.5385 0.5756 0.5277 0.6042 0.6279 0.3417 0.8730
Na D.4370 0.4637 04738 04863 D.4278 0.3690 0.4595 0.4747  0.4365 0.4299 D.4699 0.3766 0.3627 0.6512 0.1476
K 0.0225 0.0264 0.0266 0.0223 0.0223 0.0147 0.0232 0.0238 0.0233 0.0232 0.0240 0.0152 0.0152 0.0256 0.0024
tot  4.9918 5.002% 5.0172 5.0297 5.0040 5.0057 5.0282 5.0146 4.9979 5.0219 5.0116 4.9973  S5.0110 S5.0205 5.0204
An  0.5465 0.5255 0.5076 0.5176 0.5586 0.6262 0,5441 0.5248 0.5523 0.5725 0.5290 0.6160 0.6339 0.3541 0.8554
Ab  0.46432 0.4620 0.4792 04720 0.4315 0.3683  0.4457 0.4642 04372 0.4179  0.4600 0.3781 0.3506 0.6394 0.1443
Or 0.0228 0.0263 0,0267 0.0216 0.0225 ©.0146 0.0225 0.0233 0,0233 0.0226 0.0235 0.0153 0.0152 0.0252 0.0023

pl 3 15-May- 85
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Makushin plagioclasa compositions

wt% oxides
§io2
AL203
Fed
Ca0
NaZ0
K20
tot

atoms per 8 oxygens

§i
Al
Fe

Re-06

=5 %

2.6522
1.3108
0.0468
D.3%968
0.5504
0.0215
4.9784

0.4189
0.5482
0.0222

Me-06
m39

0.0146
5.0145

0.4418
0.5502
0.0144

0.0176

Me-07

core)

Y]

g
L] -

=35keel

-

[~ -] m~No

0

REgg

+

58 B§E

w

oo hﬂs:l: L= N =N

:

Me-07

wi d

Me-07

core)

-~

off

-

Poabo
GR2I2Y

b=

53§38

20 woeso=mwn
R8
'y

33

0.0024

Ke-07
m40
{rim

50.14
29.24
1.19
13.45
3N
0.20
98.13

2. 3414
1.6098
0.0465
0.56730
0.3540
0.091¢9
5.0357

0.4553

0.3408
0.0115

pl 5

Me-07

core)

43
33

SEZUAN2S

1]
a8
1
0
58

2.0769
1.8904
0.0301
0.9237
0.1100
0.0036
5.0347

0.8936
0.1061
0.0035

Me-07

<38

LYY )
M

*

Borhama
SJRZRIIE

&

I E

WO OO -
L] L]
<
-
&
L]

E&E S
439 2

Me-07

Me-07

0.0212
5.0091

0.5765
0.4746
0.0211

0.3219
0.0150
5.0205

0.6826
0.3127
D.0145

uf-01
A
(core
15

53.55
28.15
0.36
11.41
4.76
0.41
98.84

2.4557
1.5219
0.0215
0.5507
0.4233
0.0240
5.0070

0.56%8
0.4199
0.0238

Mf-01
5
rim}
16

49.03
30.30

14.56
3.0
0.21

97.99

2.2934
1.6709
0.0344
0.7297
0.2730
0.0125
5.0140

0.7277

0.2689
0.0123

15 -May-85
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Makushin plagioclase compositions

Mf-01
m45
gms

17

wtX oxides
5i02 49.33
Al203 29.94
Fed 0.88
Cab 14.22
Na20o 37
K20 0.23
tot 97.77

atoms per 8 oxygens

$i  2.3106
Al 1.6533
Fe 0.0345
Ca 0.7137
Na 0.2879

K 0.0137
tot 5.0136
An  0.7126
Ab  0.2838
or 0.0135

Nf-01
w5

gms
18

~33

-

Sowd=
GREUZESR

RE

&
AERR3E

% Qo
3

oo o Lol = N-E=R-~-EC N "
. '
g (=0 ]

8

HEf-D4
me8
{core
12

.

3QP§—33
Bz red?®

2.3961
1.5603
0.0532
0.6196
0.3738
0.0153
5.0183

0.4238
0.3705
0.0152

3

—

Ty
8¥8IBR A

2.3787
1.5704
0.053%
0.6391
0.3704
.07y
5.0303

0.6311
0.3605
0.0174

0.1471
0.0048
5.0162

0.8544
0.1449
0.0047

Nf-04

3

rim)

—
-3

[N Y]

teNRINE

2.68455
1.3299
0.0301
0.3435
0.5924
0.0489
5.0102

D.3803
0.5896
0.0486

2.4414
1.5231
0.0480
0.5578
0.4307
0.0230
5.0239

0.5643

0.4258
0.0228

pt &

PC-02
m21
rim
18

53.11
21.72
1.0
11.54
4 .87
0.346
98.61

2.4503
1.5077
¢.03%0
0.5705
0.4357
0.0212
5.0243

0.5670
0.4241
0.0206

2.1875
1.7717
0.0330
0.8382
0.1883
0.0041
5.0228

0.8166
0.1827
0.0040

PC-02
m21
rim

20

§7.22
31.93
0.99
15.84
2.1
a.12
98.41

2.2088
1.7609
0.0387
0.793%
0.2095
0.0072
.01

0.7912
0.2073
0.067

2.4546
1.5057
0.0427
0.5549
0.4532
0.0182
5.0273

0.5315
0.4405
6.0178

PC-02
m21

gins
15

53.12
27.63
1.17
11.51
4.77
0.33
98.53

2.4529
1.5042
0.0452
0.5695
9.4271
0.0194
5.0183

0.5T4
0.4204
0.0191

PC-02
n21
gms

16

54.11
27.24
1.15
1.0
5.14
0.41
92.06

2.4822
1.4732
0.0441
0.5412
0.4572
0.0240
5.0218

0.5421
0.4472
0.0235

PC~1%

{core

[
GERERAER

—l
L= . i

]

2.16%92
1.8040
0.0286
0.8428
0.1676
0.0048
5.0149

0.8342

0. t651
0.0047

15-May-B5

el



Makushin plagioclage compositions

PC-11

m20

rim)

i

utX oxides

sin2 56.74

Al203 26.23

FeO 0.82

Cal 2.61

Na20 5.9%

K20 0.51%

tot 99.86
atoms per 8 oxygens

51 2.5854

Al 1.3981

Fe  0.0310

Ca D.46586

Ha 0.5216

K 0.0294

tot 5.0111

An 0.4T16

Ab 0.5131

or 0.0289

pC-11
w20
{core
3

Bo-BaUf
BRR2¥Bk

*

EJ‘QDDQ—IN

B35 SREENEE

ooo

PC-11
m20
rimm

F

LibRNRBE

Bormno¥Er

2.4131
1.5661
¢.0z281
0.5957
0.3a888
0.012¢%
5.0047

0.60651
0.3898
$.0130

PC-11
n20

53.12
7.9
0.9%
11.07
5.01
0.24
98.26

2.4532
1.5196
0.0351
0.5478
0.4486
0.0141
5.0184

0.5498
0.4439
0.0140

PC-1

=8 B

BowooRE
ALNBASE

»

0.0276
5.0254

0.4849

0.5012
0.0269

plL 7

LRy

pOoON
[=N: W]
BEEREY

PK-02

2.4633
1.5210
0.0210
0.5524
0.4254
0.0117
49947

0.5650
0.4299
0.0118

PK-02

0.0214

PK-02
ms2
(core

54.58
27.67
0.5¢

10.94 -

5.20
0.17
92.06

2.4897
1.4880
0.0
0.5347
0.4599
0.00%99
5.0013

0.5376
0.4579
0.0098

- [LE Y]
- ]

RIRBRER

8o

2.4517
1.5223
0.0240
D.5633
0.4416
0.0100
5.0129

0.5606
0.4351
0.00%9

PK-02

momﬁoga
ERENERS

b=

2.5186
1.4483
0.0350
0.5023
0.4913
0.0128
5.0093

0.5055
0.4882
0.0128

PX-02
ma2

54.62
26.53
0.86
10.14
5.54
0.23
97.92

2.5220
1.4442
0.0332
0.5017
0.4960
0,0135
5.0107

0.5028

0.4905
0.9134

15-4ay-85
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Makushin plagioclase compositions

PK-02

T4

gns

1

wti oxides

5i02 51.53

Al203 26.71

FeQ 0.79

Cad 9.76

Nal0 5.23

K20 0.19

tot 94.21
atoms per 8 oxygens

$i 2.4T44

Al 1.5%20

Fe 0.0317

Ca 0.5022

Na  0.4870

K 0.0118

tot 5.0189

An  0.5077

Ab  0.4856

or 0.0116

17-22
L Ve

{core
17

1T-22
ey
rim)
18

EOﬁ;agﬂ
SPIRESS

£

= ~X~] woOoo—amN

TT-22

rim)
20

Bowoo XY
L IFEEEYLS

2.5329
1.43714
0.0328
0.4758
0.5145
0.0257
5.0187

0.4805
0.5064
0.0253

-y
—
B
- Y]

38

OHE;Q
v
3BEYRVU

-3

E8E

T7-22
m29

[r
15

54 .43
28.10
1.13
11.10
4.97
0.38
100.11

2.4678
1.5020
0.0428
0.5392
0.4359
0.0220
5.0107

0.5524
0.4317
0.0220

T7-22
ney

oms
16

61.02
23.07
1.07
5.13
7.94
1.18
99.41

2.TL74
1.2246
0.0403
0.2475
0.6932
0.0678
5.0208

0.2631
0.6874
0.0672

WB-05
w22
(care
17

47.31
31.48
0.83
16.35
2.1¢9
0.08
98.24

2.2175
1.7394
0.0325
0.8212
0.1990
0.0048
5.0145

0.8049
0.1942
0.0047

We-05
me2
rim)
18

50.57
29,353
1.12
13.61
3.57
0.22
98.42

2.3503
1.6071
0.0435
0.5778
0.3217
0.0130
5.0135

0.6781
0.3177
0.0129

wB-a5
me2
{core
19

45.89
32.78
0.56
16.98
1.58
0.08
97.87

2.1596
1.8187
0.0220
0.8562
0.1442
0.0048
5.0055

0.8559
0.1434
0.0048

wi-05
[ V4
rim)
20

53.37
27.21
1.14
11.03
5.03
0.38
98.16

2.64T\6
1.4856
0.0442
0.5473
0.4517
0.0225
5.0227

0.5479
0.4422
0.0220

wB-03

2.4707
1.4834
0.0496
0.5812
0.4242
0.0213
5.0103

0.569%
0.4214
0.0211

Wa-05
mag

gms
16

63.21
22.96
0.97
5.04
6.91
1.98
101.07

2.7908
1.1951
0.0358
0.2384
0.5916
0.1115
4.9632

0.2873
0.6283
0.118%

K44



#akushin olivine compositions

Lk-02 LR-02 LR-02 LR-02 LR-02 LR-02 tR-02 LR-08a LR-D6a LR-04a LR-068 LR-06a LR-D6a LR-08a LR~ 0éa
83mné3  B3wndS A3and5  B3anSS  83anS5  EB3mndS  A3mnd5S  B3an52  83mnS2 83mnd2  83mn52 8352 83mn52 B3mnS52 83mnS52
core {core rim} {core rim) (core rimd {core rim) (core rim) (core rim core core
1012 1013 104 1015 1016 1017 1018 113 114 1115 1116 mny 1118 1119 1120

wt% oxides
s$io2 36.58 35.28 37.70 36.93 36.86 356.83 36.99 38.51 37.43 38.51 37.43 33.73 37.18 38.30 38.19
Tio2 0.01 0.01 0.01 0.00 0.05 0.0 0.06 0.01 a.02 0.01 0.02 o.M Q.00 0.00 @.01
Al203 0.04 0.04 0.22 0.03 0.04 0.02 0.03 0.02 0.04 0.02 0.04 0.02 0.04 0.01 0.04
Fe 31.51 2. 26.38 29.15 30.70 30.19 30.390 22.78 30.36 2e.78 30.36 19.35 27.86 25.0% 23.22
MnO 0.&4 0.44 0.54 0.59 0.48 0.61 0.68 0.42 6.70 0.42 0.70 0.3 0.49 0.44 D.39
Mg0 31.33 39.10 34.683 33.465 31.89 32.72 32.15 38.57 33.03 38.57 33.03 £1.51 34.45 37.76 39.02
CaD 0.23 0.16 0.19 0.21 0.28 D.20 0.18 .14 0.24 0.14 0.24 Q.13 0.7 0.16 0.16
Nio 0.04 0.09 0.00 0.0 0.06 on 0.03 0.05 0.02 0.05 0.02 0.06 0.04 0.02 0.09
Cr203 ¢.02 0.03 0.00 0.00 0.04 0.04 0.01 0.00 D.0t 0.00 0.01 0.0 0.00 0.02 0.00
tot  100.40 101.08 99.67 100.57 100.60 100.73 100.43 100.50 101.85 100.50 101.85 100.13 100.24 101.76 101.12
atoms per & oxygens

Si 0.9945 0.989% 1.0066 0.9903 0.9950 09915 0.9985 0.9993 0.9951 0.9993 0.9951 0.9930 0.9933 0.9921 (.9880

Ti 0.0002 0.0002 0.0002 0.0000 0.000 0,0002 0.0012 0,0002 0.0004 0.0002 0.0004 0.0002 0.0000 0.0000 0.0002

AL 0.0013 0.0012 0.0069 0.0009 0.0013 ©.0006 0.0010 0.0006 0.0013 0.0006 ©0.0013 0.0006 0.0013 0.0003 0.0012
Fe2+ 0.7164 0.4953 0.5878 0.6537 0.6937 0.6797 0.6840 0.4944 0.46750 0.4944 0.6750 0.4149 0.4225 0.5427 0.5024
Mn  0.0147 0.0096 0.0122 0.0134 0.0156 0.0139 0.0155 0.0092 0.0158 0.0092 0.0158 0.0067 Q.0111 0.0097 0.0085

Mg 1.2694 1.5064 1.3750 1.3447 1.2842 1.3127 1.2934 1.4916 1.3087 1.4916 1.3087  1.5861 1.3721 1.4574 1.5045

Ca 0.0067 0.0044 0.0054 0.0050 0.0081 0.0058 0.0052 0.0039 0.0068 0.0039 0.0068 0.0036 0.004% 0.0044 0.0044

Ni  0.0009 0.0019 0.0000 0.0002 0.0013 0.0026 0.0007 0.0010 0.0004 ©.0010 0.0004 0.0012 0.0009 0.0004 0.0019

Cr  0.0004 0.0006 O0.0000 0.0000 0.0009 0.0009 0.0002 0.0000 0.0002 0.0000 0.0002 0.0002 0.0000 0.0005 0.0000
tot 3.0045 3.0093 2.9919 3.0093 3.0020 3.0076 2.9997 3.0002 3.0038 3.0002 3.0038 3.0084 3.0060 3.0076 3.0112
Fo 0.6392 0.7526 0.7005 0.6729 0.6493 0.6589 0.6541 0.7511  0.6597 0.7511 0.&6597 0.7927 0.6879 0.7287 0.7497

Fa 0.3808 0.2474 10,2995 0.3271 0.3507 0.3411 0.3459 D.2489 0.3403 0.2489 0.3403 0.2073 03121 0.2713  0.2503

ol 1t 15-May-85
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Makushin olivine compositions

Md-04 Md-04
mD4 mD4
(core rim)
16 7

wtX oxides
sio2 35.40 36.27
Tio2 nd nd
AL203 nd nd

Fed 33.58 34 .91
Hn0 0.65 0.67
MgD 30.39 28.74
Cal 0.19 0.27
NiO nd i
crao3 nd rd
tot  100.41  100.85

atams per 4 oxygens

S 0.9798 0.997%
Ti nd nd
Al nd nd
Fe2+ 0.7730 0.8031
Bn  0.0152 0.0156
Ng 1.2466 1.1781
Ca 0.005 0.0080
Ni nd nd
cr nct nd

tot  3.0202 3.0024%

Fo 0.6173 0.5%47
Fa 0.3827 0.4053

Me-03
m36
rim

2

37.46
rd
nd

28.42

0.45
36.95
0.24
nd

nd
101.52

0.98%
nd
nd

0.6279

0.6101

1.3760

0.0068
nd
rd

3.0104

0.6887
0.3132

Me-03

core

&

ﬂ!s:?)u
L2EIEBRBERS

g

E&é

8.5039
0.0070
1.4966
0.0047

3.0061

0.7481
0.2519

0.9952
nd
nd

0.6018

0.0105

1.3902

0.0071
nd
nd

3.0048

0.6979
0.302%

ol &

0.9971
nd
nd

0.6180

0.0131

1.3688

0.00&0
nd
nd

3.002¢9

0.68%0
0.3110

Me-07
mh0
{core

31.55

1.0000
nd

0.7289
0.0
1.2515
0.0065

3.0000

0.6320
0.3580

He-07

0.9838
nd
nd

0.7560

0.0131

1.2579

0.0053
nd
nd

3.0162

0.5246
0.3754

Me-07
m&o
rim)
15

3641
nd
nd

29.69

0.56
34.28
0.18
nd

nd
101.12

0.9748
nd
nd

0.6648

0.0127

1.3678

0.0052
nd
nd

3.0252

0.6729
0.3271

g

0.9735
ndd
d
0.46131
0.0133
1.4200
0.0066
nd
nd
3.0265

0.6984
0.3016

0.6397
0.0120
1.4132
0.0057

nd

nd
3.0353

0.6884
0.3116

15-May-85
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Hakushin olivine compositions

He-07

m40

rim}

"

wtX oxides

5i02 35.80

Tio2 d

AlL203 nd

Fed 28.95

HnO .57

M30 33.04

Cal 0.12

NiD nd

Crz203 nd

tot 99.48
atoms per 4 oXygenhs

Si  0.999

Ti nd

Al nd

Fe2+ 0.6559

Mn 00131

Mg 1.3339

Ca 0.0035

Ni nd

cr nd

tot  3.0031

Fo D.6704

Fa 0.3295

—

&=
=R N~

2
YZzzBREER

8.8.%

0.3822
0.0094%
1.6580
0.0049

3.0173

0.8207
0.1793

0.9879
nd
nd

0.56%4

0.00%4

1.4396

0.0059
nd
nd

3.0121

0.7166
0.2834

nf-01

{core

W
~0

2 8 ofow
SREABINRARD

223228

- 0o
¥

0.0054

2a

3.0175

0.8423
0.1577

ny

O;O-ﬁ
LGR2AURREBRR

8

8
223

0.4715
0.0474
1.5t
0.0064

nd

nd
3.0021

0.74631
0.2359

Mf-04
4]

{core
1

38.19
nd
nd

19.97

0.43
41.59
0.25
nd

nd
100,43

0.98%11
rd
nd

0.4291

0.009%

1.5924

0.0059
rd
nd

3.0189

0.7877
0.2123

ol 5

28

0.4357
0.0070
1.570%
0.0086

nd

nd
3.0107

0.7828
0.2172

(7] x
vl =
L) = 1

s-g'zig

of
SzahEeRRRE

™
oMo
«

3

3.3.§

0.7920
0.0211
11911
0.00462

3.0052

0.6006
0.3994

2d

0.6339
0.0138
1.3971
0.0066

nd
» nd
3.0257

0.587%
0.3121

Mf-04
w8
(core
24

358.84
rd
nd

19.41

0.30
42.14
0.24
nd

nd
100.93

0.9881%
nd
nd

0.4130

0.0065

1.5978

0.0085
d
nd

3.0N9

0.7946
.2054

Mf-04
"8
rim)
25

36.02
nd
nd

30.12

Q.74
32.50
0.23
nd
nd

99.61

0.9a32
nd
nd
0.6876
0.017M
1.3221
0.0067
nd
nd
3.0168

0.657%
0.3421

0.9890

0.5283
0.0120
1.4755
0.0062

red

red
3.0110

0.7364
0.2636

PC-02
m21
rim)
2

37.62
nd
nd

25.17

0.54
37.13
0.28
nd

nd
100.74

0.9875
nd
nd

0.5526

0.0120

1.4525

0.0079
wd
rd

3.0125

0.7244
0.2756

PC-02

{core

W

&

[A¥]

L%
Sm o

L2AGARKEAE @

g

Q.

b=}
225

0.5080
0.0092
1.4986
D. 0054

nd

nd
.omm

0.7468
0.2532
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Mskushin olivine compositions

PC-02 PC-02 PC-02 PC-06 PC-046 PC-06 FC-04 PC-06 PC-0& PC-06 PC-06 FC-06 pc-06 PL-06 PC-06

m21 m21 m21  B3mndé 8Imn86 83mndé B3and5 83and86  B3ImnBS B3mnB6  BImnB6 B3umB4  B3mn86  83mnd6  B3mnds

rim) (core rim) (core rim) (core 1029 to 1037 is profile across single crystal rim) core

[ 9 10 1027 1028 1029 1030 03 1032 1033 1034 1035 1034 1037 1038

wtX oxides
§i02 37.76 38.02 37.14  39.43  38.%% 40N 39.91 39.85  39.65 40.32 39.86 40.N 39.34  38.98  39.84
Tio2 nd nd nd 6.00 6.01 0.03 0.01 0.00 0.00 0.51 0.02 0.03 0.00 0.902 0.00
Al203 nd nd nd 0.12 0.0 0.03 0.02 0.02 0.03 0.31 0.03 0.02 0.06 0.06 0.02
FeD  26.55  24.00 25.64 13.69  2L.44 12.06 12.51 12.42 i2.31 12.78 1236 12,10 12.35 17.10 12.70
M0 0.70 0.59 0.66 0.29 0.51 0.9 0.24 0.15 0.19 0.16 0.22 0.24 0.18 0.41 0.22
wgd  35.55 37.80 35.70 45.92 40 47.80  47.43 47.00  47.646  47.55 4715 4T.96 4712 41.05 46.94
Ce0 0.28 0.27 0.29 0.22 0.22 0.16 0.17 0.13 0.19 0.17 0.15% 0.17 0.17 0.20 0.1¢9
NiD nd nd nd 0.12 0.08 0.16 0.12 0.17 0.13 0.13 0.17 0.1 0.13 0.09 0.13
cr2a3 nd nd nd 0.05 9.03 0.02 0.04 0.60 0.00 0.04 0.04 0.04 0.02 0.00 0.05
tot 100.82 100.68 99.43  99.8¢ 100.55 100.56 100.45  99.76 100.14 101.77 100.00 100.81 99.37  97.91  100.09
atoms per 4 oxygens

St 0.9961t 0.9925 0.9917 0.9383 0.9856 0.969 0.9832 0.9928 0.9844 0.9811 0.9907 0.9877 0.9847 1.011% 0.9%08

Ti nd nd nd 0.0000 ©.0002 0.0006 0.0002 0.0000 0.0000 0.009 0.0004 0.0006 0.0000 0.0004 ©.0000

al nd nd nd 0.0035 0.,0003 (.0009 0.0006 O0.0006 0.0009 0.0089 0.0009 0.0006 0.0018 0.0018 0.0006
Fe2+ 0.5860 0.5239 0.5726 0.2370 0.4634 0.2488 0.2591 0.2587 0.2556 0.2604 0.2569 00,2492 0.2585 0.3710 0.2641
Mn  0.0156 0.0130 0.0149 0.0062 0.0112 0.0040 0.0050 0.0034 0.0040 0,0033 0.0046 ©0.0050 G.0038 0.0090 0.0046
Mg 1.3983  1.4705 1.4207 1.7152 1.5447 1.7576 1.7502 1.7446  1.7627 1.7329 1.7465 1.7600 1.7578 1.5860 1.7397
Ca 0.0079 0.06076 0.0083 0.0059 0.0061 0.0042 0.0045 0.0035 0.0051 0.0045 0.0040 0.0045 0.0046 0.0056 0.0051

Ni nd nd nd 0.0026 D0.0017 0.0032 0.0026 0.003% 0.0026 0.0026 0.0034 0.0028 0.0026 0.0019 0.0026
cr nd nd nd 0.0010 0.0006 0.0004 0.0008 0.0000 0.0000 0.0008 0.0008 0.0003 0.0004 0.0000 0.0010
tot 3.0039 3.0075 3.0083 3.0095 3.0137 3.0092 3.0109 3.0069 3.0152 3.0047 3.0081 3.0111  3.0142 2.9876 3.0085
Fo 0.7047 0.7373 0.7127 0.8367 O0.7693 0.8760 0.871) 0.8709 (0.873% 5.8689 0.8718 0.83760 0,8718 0.8105 0.8682

Fa 0.2953 0.2627 0.,2873 0.1433 0.2307 0.1240 0.128% 0.1291 ©0.1266 0.1311 0.1282 0.1250 0.1282 0.1895 0.1318
ol & 15-May- 85
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Makushin olivine compositions

PC-06 PC-06 PC-06 pC-06 PC-06 PC-09 PC-09 PC-09 PC-09 pPC-09 PC-09 PC-09 PC-09 PC-09 PC-09
3ends  B3mBS BIm8s B3mnBS B3mB4  B3mn2S  B3mn25  83Im25  B3Imn25 8%m25 B3mn2s  83mn25  83mz25 83mn25
core core micro core core {core core wmid rim) {core core) core (core core) core

i

1039 1040 1041 1042 1043 1001 1002 1003 1004 1005 1007 1008 1009 1010 1011
Wt% oxides
si{o2 39.87 39.86 38.26 39.02 33.78 40.36 40.09 40.36 38.97 39.26 39.30 38.79 39.64 39.32 39.79
Tio2 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.04
Al203 G.04 0.03 0.05 0.03 0.04 0.05 0.02 0.02° 0.05 0.02 0.04 0.07 0.05 0.03 0.02
Fed 9.83 10.87 22.18 15.85 16.50 9.34 9.49 10.28 18.85 14.38 13.57 15.57 11.75 12.61 10.33
L3 ¢ 0.18 0.24 0.5 0.28 0.33 0.16 0.16 0.18 0.38 0.30 0.25 0.28 0.1% 0.21 0.18
g0 49.08 47.69 40.36 44.31 44 .21 4949 48.76 48.61 42.11 42.75 45.80 44 .80 48.03 46.40 4B.65
Cad 0.9 0.19 0.22 0.20 0.24 0.17 0.17 0.18 0.21 0.20 0.18 0.16 n.18 0.19 0.25
Hio g.19 0.17 D.0s 0.1 0.09 0.17 0.17 0.15 0.08 0.13 0,13 0.14 0.14 0.18 0.19
Cr2o3 .04 0.01 ¢.00 0.02 0.09 0.05 0.03 0.07 0.04 0.01 o.01 0.03 0.04 6.04 0.10
tot 99.39 99.06 101.64 99.84 100.28 99.79 98.90 99.85 100,70 o7.05 99.28 99.84 100.02 98.98 99.55
atoms per 4 oxygens

Si 0.9864 0.9934 0,9309 0.9880 0.9814 O0.9911 D.9940 0.9944 0.9915 1.0140 0.9899 0.9817 0.9831 0.9894 0.9854

Ti 0.0000 0.0000 0.0000 0.0002 0.0000 0.0000 0.6002 0.0000 ©.0000 0.0000 0,0000 0.0060 0.0000 0.0000 0.0007

Al 0.0003 0,0009 0.0015 0.0009¢ 0.0012 0.0014 0.0006 0.0066 0.0015 0.0006 0.0012 0.0021 0.0015 0.0009 0.0006
Fe2+ 0.2034 0.2266 0.4756 0.3359 0.3493 0.1918 0.1968 0.2118  0.4013  0.3106 0.2859 0.3296 0.2437 0.2654 0.2140
Mn 0.0038 0.0051 0.0111 0.00580 0.0071 0.0033 0.0034 0.0038 0.0082 0.0066 0.0053 0.0060 0.0040 0.0045 0.0038
Mg 18096 1.7714  1.5421 1.6721 1.6677 1.8112 1.8018 1.7849 1.5967 1.6455 1.7193 1.6898 1.7752 1.7400 1.7957
Ca 0.0050 0.0051 0.0060 0.0054 0.0065 0.0045 0.0045 0.0048 0.0057 0.0055 0.0049 0.0043 0.0048 0.0051 0.0066

Ni 0.0038 0.0034 0.0092 0.0022 0.0018 0.0034 0.003% 0.0030 O0.0016 0.0027 0,0026 0.0028 0.0028 0.0036 0.0038

Cr 0.0008 0.0002 0.0000 0©.0004 0.0018 0.0010 O0.0006 0.00%& 0.0008 10,0002 0.0002 (.0006 0.0008 0,0008 0.0020
tot  3.0131 3.0060 3.0184 3.0111 3.016% 3.0077 3.0052 3.0046 3.0074 2.9856 3,009 3.0169 3.0158 3.0088 3.0125
Fo 0.8990 0.B8566 O.7643 0.8327 0.8268 0.9042 0.9015 D0.8939 0.7691 0.8412 0.B574 0.8368 0.8793 0.8477 0.3935

Fa 0.1010 0.1134 ©0.2357 0.1473 0.1732 0.0958 0.0985 0.106% 0.2009 0.1588 0.1426 0.1632 0.1207 0.1323 D.1065
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Makushin olivine compasitions

T7-10

&3mn7?

{core

1105

Wti oxides

Si02 37.88

Tio2 0.00

Al203 0.05

fFed 21.3%9

MnD 0.48

Hg0 .73

Cad 0.21

NiQ 0.00

Cr203 0.02

tot 99.76
atoms per 4 oxygens

5§ 0.9854

Ti  0.0000

Al 0.0015

Fe2+ D.4658

Hn 0.0106

Mg 1.5419

Ca 0.0059

Ni  0.0000

Cr  0.0004

tot  3.0126

Fo 0Q.7680

Fa 0.2320

1T-10
B83an7?
rim)
1106

7.7
0.00
0.05

25.27
0.59

35.18
0.26
0.01
0.01

99.14

1.0073
0.0000
b0.0016
0.5436
0.0133
1.3982
0.0074
0.0002
0.0002
2.9918

0.127
0.2873

T-10
83mn?7

0.08

gaRbisry

£

g
o
NMODOO==20D00 0=
L]

*

CC WODP+ODOOO
BR ggggggg
gk = 3338

IT-10
8377
rim}
1108

37.07

78388

EES

g 3

0.3217

IT-10
83an77

=
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(=]

LUapkkEnas

8 [ [
cCoOoWwoNSD
T H
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Hi

WOoOQO=DoO00 o
"
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0013

EBRNRUAIER
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282

3
gad
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:

TT-10 1T-10
83en?7 B3end7
(core rim)
1" 1112
37.96 35.85
6.00 0.02
0.04 0.05
21.97 31.53
0.39 0.69
3967 3t.<
0.23 0.27
0.09 0.02
0.09 0.00
100.36 101.35
0.9850 0.9918
0.0000  0.0004
0.0012 0.0015
0.4748 0.7095
0.00856 Q.0157
1.5342 1.2797
0.0084 0.0078
0.0019 0.0004
0.0002 0.0000
3.0143 3.0070
0.7629 0.6433
0.237%  0.3567
ol B

g - -l

o -
b o '
- '1%”
- o e

(¥ [A3]
(= N -]
¥

zakziEzg

3

0.9923

0.4529
0.0084
1.5479
0,0061

3.o0077

0.7736
0.2264

TT1-22

0.7713
0.0197
1.2274
0.0088

3.0138

0.6141
0.3859

TT-22

%

{core

8
N
—t ma

ht

o¥ol
Srakaveza

8

17-22

rim)
12

36.51
32.31
0.89

.1
0.39

101.12

0.9902

0.7329
0.0204
1.2575
0.0087

3.0098

0.6318
0.3882

0.45896
0.0074
1.5418
0.0058

nd

nd
3.0123

0.7665
0.2335

o
H

22888822

]

0.7459
0.2541

8o
NEEZSIURARN

—
[ =]
o
'

0.9859

0.4655
0.0111
1.5454
0.0053

3.0141

0.7681
0.2319
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Makushin olivine compositions

WB-0%
n22
rim

4

wti oxides

5i02 37.13

Tio2 nd

AL203 nd

Fed 29.02

HnO 0.&1

Mgl 3217

a0 0.23

NiD nd

cr203 nd

tot 9916
atoms per & oxygens

§i 1.0087

Ti nd

Al nd

Fe2+  0.6593

Hn  0.014D

Mg 1.3025

Ca 0.0067

Ni nd

tr nd

tot 2.9913

fo  0.5639

Fa 0.3351

/4
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Makushin clinopyroxene analyses

LR-05a
83mn52
(core
2088
wWt%k oxides
sin2 51.29
Tin2 0.56
Al203 2.20
Fed .73
MnO 0.32
Hg0 14.90
Cao 19.468
Naz20 nd
Nio 0.00
Cr203 0.02
tot 98.7
atoms per & oxygens
5§ 1.9350
1i 0.0159
Al t 0.0650
Al o 0.0329
Fel+ 0.0000
Fe2+ 0.3070
Mn c.010¢
Mg 0.8378
Ca 0.7956
Mo nd
Wi 0.0000
cr 0.0006
rot 3.999%
AC 0.0000
Jd 0.0000
FeCaTs 0.0000
crcaTs 0.0096
AlCaTs 0.0329
Wo 06.3810
En 0.4530
Fs 0.15660
mg# 73.2

LR-06a
83552
rim)
2089

51.03
0.59
2.33

10,14
0.36

15.25

19.20

nd
0.01
o.M
98.92

1.9236
g.0167
0.0764
0.0271
0.0156
0.3041
0.0115
0.8567
0.7755

nd
0.0003
0.0003
4.0078

0.0000
0.0000
0.0154
0.0003
D.0271

0.3663
0.4677
0.1650

73.8

LR-0ba
8352
{core
2090

CoDDODDO =
g og
&

483

: L

g

oD o
v

28 2EE

(=]

&

LR-05a
83an52
rim
2091

w
~NA DO -

b

— b
L] "

RE2EBNRRREN

8oo

0.0104
0.3593
0.0124
0.8809
0.7132

nd
0.000Q
0.06000
4.0052
0.0000
0.0000
0.0104
0.0000
0.01%1

0.3439
0. 4660
0.19%01

71.0

i
1

[N =R - B — ) ]
.

- —
e ¥

WeBREBZRURESR

.SQQ

*

vonDEDO
g 2%
§2338ERE

CO0OCECOD O

0.7651

0.0060
0.0003
4.0070

0.00600
0.0000
0.0139
0.0003
0.0200

0.3554
0.4962
0.1484

77.0

0.0024
0.4076
0.0163
0.8651
0.8616

nd
0.0000
0.0000
4.0012

0.0000
0.00060
0.0024
0.0000
0.0286

0.3163
0.4647
0.2190

68.0

0.4411
0.0173
0.7685
0.7142

nd
0.0000
0.0003
3.9850

0.0000
0.0000
0.0000
0.0003
0.0300

0.3420
0.4181
0.240¢

63.5

cpx 2

LR-06a8
83mn52
rim

51.86
0.52
1.48

13.56
0.56

13.51

17.69

0.02
0.00

99.2

1.9689
0.0148
0.0311
0.0351
0.0000
0.4305
0.0180
0.7644
0.7196

0.0006
0.0000
3.9832

0.0000
0.0000
0.0008
0.0000
0.0351

0.3423
0.4208
0.2370

&4.0

LR-D6a

38

R
=]
h

O
L]

SERBYkEEN

—
Sl VWVOOWD

3

1.8996
0.0202
0.1004
0.0517
0.008%
0.2858
0.0101%
0.8527
0.7753

nd
0.0000
0.0000
4.0042

0.0000
0.6000
0.0081
0.0000
0.0517

0.3576
0.4811
0.1413

4.9

0.0000
0.0000
0.0021
0.0004
0.0476

0.3528
0.4631
0.1841

71.5

v o

—

FR8238%

.306

LR -06F
357
(core
2099

51.86
0.54
1.55

12.72
0.51

13.98

18.27

nd
g.02
0.01
99.45

1.9597
0.0153
0.0403
0.0287
0.0000
0.4020
0.0163
0.7873
0.73%7

nd
0.0006
0.0003

e -

SRRAURRYENEY

0
|

1.8923
0.0183
0.1077
0.0000
g.0711
0.293%
0.0121
0.8664
0.7545
0,0292

nd

nd
4.0455

0.0292
0.0000
0.0419
6.0000
0.0000

0.3563
0.4805
D.1631

4.7
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Makushin clinopyroxene analyses

LR-11 LR-11 LR-11 LR-11 LR-11 LrR-11 LR-11 LR-11 LR-11  LR-12b [R-12b LR-12b LR-12b LR-12b LR-12b
ol ni9 mlg nl9 mi9? a9 mi9 A L) w9 DI-409  DI-409 DI-409 PI1-409 DI-409 D1-409
rim) {core rim} o g oM om g gn {core rim) (core rim) oms {core
5 23 22 13 14 13 19 28 30 2056 2057 2058 2059 2060 2061

wt% oxides
sioz 49.16 49.37 49.32 48.60 45.50 &4 57 §3.05 49.36 48.94 51.68 51.85 51.96 52.20 51.78 51,50
Tio2 0.57 0.52 0.53 0.62 0.48 0.47 0.40 0.57 0.56 0.57 0.54 0.52 B6.53 0.51 0.59
AL203 2.02 2.33 1.67 3.46 2.27 1.50 1.48 1.41 1.24 1.35 1.39 1.53 1.70 1.25 1.7
Fed 11.34 9.73 13.31 12.35 6.61 9.2% 8.64 13.72 14.37 13.33 13.58 12.64 11.19 13.52 12.94
BnQ 0.34 0.33 p.51 0.37 0.16 0.35% 0.37 0.54 0.62 0.58 0.58 0.54 0.48 0.51 0.48
Ng0 15.46 15.35 14.38 12.34 14.70 13.67 12.79 14.90 14,10 13.72 13.75 14.02 14.88 13.92 13.60
Cad 18.41 19.84 18.50 15.67 12.84 15.05 14.91 16.87 16.96 17.59 17.66 18.44 18.64 17.98 18.45
Ha2o 0.28 0.36 0.24 0.83 0.31 0.27 0.41 0.26 0.32 rd nd nd nd nd nd
NfO nd ind nd nd nd -] nd nd nd o.m 0.02 0.03 0.03 0.01 G.00
Cr2o3 nd nd nd nd nd nd d nd nd 0.00 0.02 0.00 .04 6.01 0.02
tot 97.58 o7.483 98.46 94 .24 78.87 85.17 B2.05% 7.63 §7.1 98,43 99.39 99.68 99.59 99.59 99.37

atoms per 6 oxygens

§i 1.8928 1.8880 1.9009 1.9224 1.9203 1.9436 1.9466 1.9133 1.9159 1.96B2 1.9656 1.9594 1.9552 1.9615 1.9515
Ti 0.0165 0.0150 0.0154 0.018¢ 0.0167 0.0154 0.0136 0.01656 O0.0165 0.0163 0.0M54 0.0147 0.0149 0.0145 0.0148
Al t 0.1072 06.1120 0.0991 0.0776 0.0797 0.0564 0.0534 0.0867 0.08641 0.0318 0.0344 0.0406 0.0448 0.0385 0.0485
Ao 0.0000 0.0000 0.0000 90.0838 0.0441 0.0207 0.0255 0.0000 0.0000 0.0288 00,0277 0.0274 0.0303 0.0173 0.0314
Fe3+ 0.0742 0.0820 0.0484 0.0000 0©.0021 O0.0048 0.0006 0.0535 0.0511 0.0000 0.0000 0.0000 0,0000 0.0000 0.0000
Fe2+ 0.2910 0.2292 0.3607 0.4086 0.2537 0.3340 0.3261 0.3913  D0.4193  0.4246 0.4305 0.3985 0.3505 0.4283 0.4101
Hn 0.0111  0.6107 0.0167 0.0124 0.0063 0.0129 0.0142 0.0177 0.0206 0.0187 0.0186 0.0172 0.0152 0.0196 0.0154
Mg 0.8871 0.8749 0.8260 0.7275 1.0137 0.8884 0.8419 0.Bs08 0.8226 0.7787 0.7768 0.7879 D.B306 0.7858 0.76808
Ca 0.7595 0.8130 0.7640 0.6642 0.6366 0.7032 0.7224 0.7007 0.7114 0.7178 0.7173 0.7451 0.748%1 0.7298 0.74M1
Na 0.0209 0.0267 0.0979 0.0837 0.0278 0.0228 0.035¢ 0.0195 D.0243 nd nd nd nd nc nd
wi nd e rd rd nd nc nd nd nd 0.0003 0.0006 0.000% 0.0009 0.0003 0,0000
cr nd nd nd nd nd nd nd nd nd 0.0000 0.0006 0.0000 0.0012 0.0003 0.0006
tot 4.0603  4.0514 4.0690 3.9785 4.0011 4.0024 4.0003 4.05801 4.0659 3.9852 3.9877 3.9919 3.9918 3.9980 3.9914
Ac 0.0209 00267 0.0179 0.0000 0.0021 (.0048 0.0006 0.019% 0.0243 0.0600 0.0000 O0.0000 0.0000 0.0000 0.0000
Jd 0.0000 0.0000 O0.0000 0.0637 0.0257 0.0180 0.0255 0.0000 O.0000 0Q.0000 0.0000 O0.0000 0.0000 0.0000 0.0000
Fecals 0.0533 0.0554 0.0504 0.0000 0.0000 G.0000 0.0000 0.0339 0.0268 0.0000 0,0000 0.06000 0.0000 0.0000 0.0000
CrCaTs 0.0000 0.0000 O0.0000 0.0000 O0.0000 0.0000 0.0000 0,0000 O0.0000 0.0000 0,0006 0.0000 0.0012 0.0003 0.0006
AlCaTs 0.0000 0.0000 0.0000 0.0201 O0.0185 0.0827 0.0000 0.0000 0.0000 0.0288 0.0277 0.0274 0.0303 0.0%173 0.0314
Wo 0.3531 0.3788 0.3568 0.3220 0.3091 0.3503 0.34612 0.3334 0,.3423 0.3445 0.3445 0.3588 0.3583 0.3561 0.3585
En 04871  0.4922  0.4477 0.4341 0.5526 0.4722 0.4634 0.4583  0.4356 0.4242 04217 0.4257  0.4512  0.4167 0.4182
Fs 0.1598 0.1289 0.1955 0.2438 0.1383 0.177% 0.1753  0.2083 0.2221 0.2313 0.2337 0.2154 0.1904 0.2271 0.2233
ng# 7.3 9.2 69.6 &4.0 a0.0 72.7 72.6 68.7 66.2 bh.7 84.3 68,4 70.3 64.7 65.2

cpx 3 15-May-85
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Makushin elinopyroxene analyses

LR-12b
D1-409
rim)
2052

Wwt¥ oxides
$i02 52.17
TioZ 0.53
AL203 1.59
Fed 12.37
M0 0.47
Mgl 14 .44
Cal 17.95
WNa2o rd
NiQ 0.00
cr203 0.00
tot 99.52

atoms per & oxygens

si 1.9632
Ti 0.0150
al t 0.0348
Al o 0.0337
Fe3+ 0.0000
Fe2+ 0.3893
Mn 0.0150
Mg 0.8098
Ca D.7238
Na nd
Ni 0.0000
cr 0.0000
tot 3.9866
Ac 0.0000
dd 0. 0000

FeCaTs 0.000Q
CrCaTs 0.0000

AlCaTs 0.0337
Wo 0.3450
En 0.4423
fs 0.2126
mg# &67.5

LR-12n
Bl-931
(core

2053

51.30
0.41
2.19

10.45
0.43

14.27

19.34

“EBR

0.
0.
98.

1.94622
0.0174
0.0578
0.0399
0.0000
0.3309
0.0138
0.8051
0.7845

nd
0.0000
0.0000
3.9916

0.0000
G.00G0
0.0000
0.0000
0.0399

0.3723
0.4449
0.1828

70.9

LR-12n
DI-931%
rim)
2064

31.26
0.53
1.41

13.44
0.57

13.1

17.96

=2g8d

0.
0.
98.

1.9671
0.0153
0.0329
0.0309
0.0000
0.4313
0.0185
0.7498
0.7385

nd
0.0000
0.000%
3.9852

0.0000
0.0000
0.0000
0.000%
0.0309

0.3533
0.4105
0.2362

63.5

LR-12n
Di-931
core
2066

0.0519
0.0286
0.0000
0.3851
0.0153
0.7893
0.7588

0.0000
0.0003
3.9945

0.0000
0.0000
0.0000
0.0003
0.0286

0.364%
0.4248
0.2083

67.2

LR-12n
DI-931
rim
2067

1.9569
0.0155
6.0431
0.0144
¢.0000
0.4420
00184
0.7955
0.7128

nd
0.0003
0.0000
3.9989

0.0000
0.00040
0.0000
0.0000
0.0144

0.3492
0.4184
0.2324

64.3

Mi-D1
83an4 1
core
2025

51.04
0.52
1.33

12.15
6.55

14.24

18.72

nd
0.00
D.0&
98.81

1.9438
0.0149
0.0562
0.0125
D.0121
0.3749
0.m77
0.8082
0.7639

nd
0.0000
0.0018
4.0061

0.0000
0.0000
D.0121
0.0018
0.0125

0.3587
0.4312
0.2000

68.3

1.9309
0.070
0.0691
0.0358
0.0000
0.2928
0.0105
0.8825
0.7806

nd
0.0003
0.0000
3.9996

0.0000
0.0000
0.0000
0.00G0
0.0358

0.3724
0.4686
0.1591

o7

cpx 4

0.90

“B8R2384%

LRV, N - T

——
. P

Soo

0.0000
0.0000
0.0331
0.0009
0.0131

0.2970
0.4823
0.2207

68.6

OCoOoOO0ODD oS-
N

g8E 38E:

(=]
(=]
o
(=]
(=]

0.0284

M1-01
83mn4 1
core
2030

51.40
0.52
1.45

11.36
0.44

14.32

19.31

nd
0.03
0.00
98.83

1.9510
0.0148
0.04%0
0.0158
0.0035
0.351
0.0141
Q.8100
0.7853

nd
0.0009
0.0000
4.0018

0.0060
0.0000
0.0035
0.0000
6.0158

0.3830
0.4282
0.1888

69.4

0.7816

nd
0.000%9
0.000%
4.0075

0.0000
0.0000
0.014%9
0.0009
0.0174

0.3742
0.4373
0.1883

69.9

....
= gery gas
ERERZ

ypols
B. o %]

oo
28
o G
[ =0 =]

4. 0001

15-May-8%
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Makushin clinopyroxene analyses

M1-01
83mnd 1
{core
2035
wti oxides
sing 50.85
Ti02 0.61
Al203 2.49
Fed 9.03
Mno 0.32
Mgo 14.74
Cao 20.37
Na20 ™
NiO 0.00
tr2c3 0.00
tot 98.41
atoms per & oxygens
si 1.9232
Ti 0.0174
Al t 0.0768
Al © 0.0343
Fe3+ 0.0078
Feds 0.2779
Mo 0.0103
Mg 0,.8309
Ca 0.8255
Ra nd
Wi 0.0000
cr 0.0000
tot. 4.0039
Ac 0.0000
dd 0.0000
felals 0.0078
CriaTs 0.0000
AlCaTs 0.0343
Wo 8.3917
En 0.4558
Fs 0.1524
mg# 4.9

H1-01
83mné
rim)
2036

50.44
0.63
2.78
8.74
0.3

14.97

20.67

nd
0.00
0.01
98.55

1.9060
0.0179
0.0940
0.0298
0.0281
0.2481
0.0099
0.8530
0.8369

nd
0.0000
0.0003
4.0141

D.0000
0.0000
0.0281
0.0003
0.0298

0.3893
0.4718
0.1388

7.3

Mi-51¢
weic
{core
9

30.91
Q.57
2.18

12.57
D.70

14.33

18.20
0.28

nd
nd

99.74

1.9207
0.0182
0.0793
0.0176
0.0294
0.3672
0.0224
0.8057
0.7357
0.0205

nd

rd
4.0147

0.0205
0,0800
0.008%
0.00060
6.0176

0.3546
0.4433
0.2021

68.7

H1-51c
m3e
rim)

10

51.47
0.48
1.31

1.9
0.63

14.37

19.40
0.30

nd
nd

99.87

1.9391
0.01356
0.0609
0.0000
0.0337
0.3416
0.0201
0.8058
0.7832
0.0219

nd

nd
4.020%9

0.021%
0. 0000
0.0118
0. 0000
0.0000

0.3857
0.4316
0.1827

70.3

M1-51c
m3c
{care
13

M1-51c
w3c
rim)

14

51.32
0.47
1.32

12.61
0.75

14.21

18.98
0.21

nd
nd

99.87

1.9392
0.0134
0.0508
0.0000
0.0341%
0.35845
0.0240
0.8002
0.7685
0.0154

nd

nd
4.,0200

0.0154
0.0000
0.0187
0.0000
0.0000

03749
0.4295
0.1956

68.7

M1-51c
mé3c
core

15

51.56
0.51

— -
om-"‘cm-‘

22ARIAZBIY

8

cpx 3

Mi-51c

1.9315
0.0178
0.0485
0.0101%
0.0229
0.3501
0.01%4
0.7981
0.7750
0.0182

d

nd
4.0115

0.6182
0.0000
0.0047
0.0000
0.0101

0.3801
0.4309
0.18%0

69.5

H1-51c
w3c
core

17

51.20
b.52
1.50

12.80
0.66

14.09

18.76
.32

nd
d
99.83

1.9343
0.0148
0.0657
0.0011
0.0351
0.3693
.21
0.7933
0.7594
0.0234

nd

nd
4.0173

0.0234
0.0000
0.0%1t7
0.0000
0.0011

0.3733
0.4276
0.19%1

68.2

0.0441
0.3214
6.0153
0.8302
0.8015
nd
nd
nd
4 .0280

0.0400
0.0000
0.0441
0.0000
0.0000

0.3787
0.4479
0.1734

2.1

-

P,

4.0148

0.0000
0.0000
0.0295
0.0000
0.0070

0.3764
0.4411%
0.1822

70.8

x

F ) —
[

SR &

R R

=~ h =

Brommed

vRRARbRbNTE

8

£
358

EanNba
aaagﬂggaa§

SO0 OO0 0D -
. . .

4.9188

0.0000
0.0000
0.0376
(.0000
0.0204

0.4838
0.1282
9.1

x
—
- 1
B
o
L= %

o

g

SVomwo
ZRAZZSGRNLasGY

M1-51d

g2

w
[ o JF O QTR
L]

5RR2Re2Ranle

1.9162
0.0176
0.0838
0.0251
0.0235
0.2701
6.0104
0.8701
0.7950

nd

nd

nd
4.0117

0.0000
D.0000
0.0235
0.0006
0.0231

0.3732
0.4783
0.1485

76.3

15-May-85
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Makushin clinopyroxene analyses

Hd- 14 Hd- 14
ml4 mls
{core rim)
10 1"
Wt¥ oxides

si02 52.38 51.22
Tio2 0.47 0.89
AL203 1.57 2.93
FeQ 12.64 12.34
L g] 0.42 0.33
Mgl 14.39 14.54
CaQ 17.75 17.56
Na20o nd nd
NiD nd nd
Cr2o3 nd nd
tot 99.82 99.81

atoms per & oXygens
Si 1.9650  1.9202
Ti 0.0189 0.0251
Al t 0.0350 0.0798
Al o 0.0345 0.0497
Fel+ 0.0000 O0.0000
Fe2+ 0.3966 0.3869
Mn 0.0133 0.0105
Mg 0.8045 0.8124
Ca 0.7135 0.7054
Ha nd nd
Ni nd el
cr nd d
tot 39813 3.9899
Ac 0.0000 (.0000
Jd 0.0000 0.0000

FecaTs 0.0000 0.0000
CrCals 0.0000 0_0000
AlCaTs 0.0345 0.0497

Ho 0.3395 0.3278
En 04424  0.4553
Fs 0.2181 0.2168
L 67.9 &7.7

Hud-14
als
{core
12

51.81
0.75
2.18

12.28
0.35

13.67

18.49

nd
nd
nd

99.53

1.9507
0.0212
0.0493
0.0475
0.0000
0.3847
o.0112
07671
0.7460

nd

nd

nd
3.979%

0.06000
0.0000
0.oo000
0.0000
0.0475

0.3492
0.4327
0.2181

66.5

Md- 14

2
S

rim)

L]
—_
(]

—_
e Il = U V= =]
'

" . [

SRARBT LY

8

Md-14

—

Le]
nSe
Mo

wi
-
*

REANRESISSE

- —
oD WO
o

8
e

'

QD§

g
VAR

.
(=N N —-= N~ -]
. N

éaaagﬁ

o
598

Iy

o

=== = =~ N
. 1
-y

&&Rg

3

o

5§58

¥
=
p—4
W
L=]

PN
.

Md-14 M- 14
nls wid
g gm
21 24
49.02 51.06
1.04 0.85
2.93 1.79
13.27 13.05
0.4% 0.46
14.72 14.56
17.51 18.23
nd nd
nd nd
nd nd
8.9 99.8
1.8742 1.9292
0.0299 0.0185
0.1258 0.0708
0.0063 0.0090
0.0597 0.0249
0.3646 0.381%
0.0133 0.0147
0.8388 D.8199
0.7173 0.7380
nd nd
nd nd
nd nd
4.0299 4.0124
0.0000 0.0000
0.0000 0.0D00
0.0597 0.0249
0.0000 0N.0C00
0.0063 0.0090
0.3257 0.3529%
D.4700 0.4400
0.2043 0.2079
9.7 67.9
cpx 7

LY

mmo?-oo

Jp—

RRRIGESRINR

0.0000
0.0000
0.0133
0. 0000
0.0112

Q.3021
0.4645
D.2334

86.6

vh

‘OU‘\D:QNQQ

BRERLENNENS

—

B

0.0161

0.3535
0.5023
0.1442

.7

&

o ~
]
<&

-

LR =R I — ]
" * L3

RALuRaREYLY

o B3

8
o

0.0274
nd
nd

4.0387

0.0274

0.0000°

0.0500
0.0004
0.0428

0.3693
0.5293
0.1014

83.9

7

-

i}

L] -
~EE

S -2 D0UNG D
H

r

[y
« s oW

FERESRGEGERS

8

1.8464
8.0156
0.1536
0.0439
0.0786
0.1298
0, 0044
0.8570
0.8907
0.0194

nd

nd
4.0393

0.0194
0.0000
0.0593
0.0000
0.0439

0.3938
0.5265
0.0797

B5.8

.
~EkR

o,
[

ScSoro,rOo0

"N o—

RARENIBZERR

8

1.8791
0.0143
0.1209
0.0303
0.0619
0.1602
D.0060
0.8735
0.8400
0.0247

nd

nd
§.0309

0.0247
0.0000
0.0372
0.0000
0.0303

0.3962
0.5102
0.0936

B4.5
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Makushin clinopyroxene analyses

Hf-01
w45
{core
3
Wwt% oxides
sin2 50.87
Ti02 0.61
Al203 3.30
Fed 6.12
HND 0.13
MgO 16.00
Cal 22.73
Naz20 0.33
HiO nd
ctr203 nd
tot 100.09
atoms per & oxygens
8 1.8776
Ti 0.01469
Al t 0.1224
Al o 0.0212
Fel+ 0.0674
Fe2+ 0.1215
Hn 0.0041
Mg 0.8801
Ca 0.8789
Na 0.0235
Ni ot
Cr nd
tot 4.0337
Ac 0.0236
Jd 0.0000
FeCaTs 0.0438
CrtaTs 0.0000
AlCaTs 0.0212
o 0.4170
En 06.5123
Fs 0.0707
ma# 87.%

[
oo o o
¥

HARENREEEDY

8

0.0261
0.G000
0.0157
0.0000
0.0132

0.4013
0.4714
0.1273

78.7

Mf-01
mh5

T~

O = OO~

aabeaboyEl

[ % P

0.0545
0.0987
0.15483
0. 0054
0.7941
0.8928
0.0228

nd

nd
4. 0494

0.0228
0.0000
0.075%
0.0000
0.0545

0.3812
0.517%
0.1018

83.6

Kf-01

2R
B

wn
=

BREARUNN=sWY

[ —
oW oOhno
‘BN

2

0.0146
nd
nd

4.0240

0.0146
0.0000
0.0333
0.0000
0.0130

6.3702
0.5158
0.1141

1.9

x
-
.
L=
-

3¢ &

LY}
k=l
i

F¥ERFez4zrey

—

B

$38.

3388

QQQQ-PDODO-‘
8
288 R

—

Mf-01
b
core

5

50.50
0.52
2.80
7.33
8.21

16.97

20.51
0.26

nd
nd
99.1

1.8842
0.0144
0.1158
0.0073
0.4793
0.1494
0.0066
0.9436
0.8200
0.0188

nd

nd
4.0397

0.0188
0.0000
0.0805
0.0000
0.0073

0.3761
0.5387
0.0853

B5.3

cpx 9

Mf-01
5
core

(Y]
—

-

-
L]

YRRURUSRRES

¥ .

3

Soooooooo =
SRBESY £2%
23 SRSGRREEZE

4.0439

0.0242
0.0000
0.0225
0.06000
0.6600

0.39%97
0.4314
0.14689

71.9

1.8100
6.0322
0.1900
0.0466
0.078%
0.1990
0.0067
0.8102
0.8451
0.0204

nd

nd
4.0395

0.0206
0.0000
0.0583
0.0000
0.0466

0.3701
0.5057
0.1242

80.3

Mf-01%

L]
[+]
wi B

wn
S
&
-~

2R U8z

3
OR;OQU‘\UD
.

0.0236
0.0000
0.0438
0.0000
0.0212

0.4170
0.5123
0.0707

ar.e

i
=
.

[ A
=N =RV RN BN
»

HERERRNERERY

8

1.94973
0.0139
0.0927
0.0132
0.0418
0.2292
0.0114
0.8488
0.8316
0.0261

nd

nd
4.0209

0.0261
0.0000
0.0157
0.0000
0.0132

0.4013
D.4714
0.1273

78.7

2aadszsnsh

cmapqmng

7.1

0.0266
0.2214
0.0564
0.111a8
0.1258
0.0062
0.7979
0.9179
0.0134

4.0559

0.0134
0.0000
0.0984
0.0000
0.0564

0.3816
0.5342
0.0842

86.4

uf-01

F
. -
e &

C=oDDWwo~y

SRAYRSNaNEY

P

3

Hf-01

-
-
H

&

iyl
©SFopmo
HAZPUINREE

3

1.9176
0.0108
0.0824
0.0130
0.0479
0.2073
0.0057
0.931
0.7856
0.0146

nd

nd
4.0240

0.0146
0.0000
0.0333
0.0000
0.0130

0.3702
0.5158
0.1141

81.9

Mf-01

28 &

8

—
owv~oEND

Y2RzRuibsalk

o
[~

1.8956
0.0169
0.1044
0.0044
0.04862
0.2004
0.0095
0.9603
0.7652
0.0102

nd

nd
4.0331

0.0102
0.0000
0.0560
0.0000
0.0044

0.3524
0.5358
0.1118

82.7
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Makushin clinopyroxene analyses

NiQ
Cr203
tot

atoms per & oxygens

$i
Ti
Al t
Al o
Fa3+
Fe2+
Mn
Mg
Ca
Na
Ni
cr
Tot

Ac
Jd
fFefals
CrCals
AlCaTs

Wo
En
Fs
mg#

~ [
Soo SPoNrOS
SH2AURITHEBENY

1.8667
0.0136
0.1333
0.0718
0.0297
0.2143
0.0061
0.8408
D.8318

nd
0.0003
0.0045
4.0149

0.0000
0.0000
0.0297
0.0045
0.0718

0.35629
0.5087
0.1304

79.5

PC-06
83mndH
(core
2045

49.71
.47
4.98

0.0012
0.0112
4.0225

0.0000
6.0000
D.0450
n.0112
0.0480

0.3817
0.5465
0.0918

85.6

PC-06
&3an86
core

~ 8

P o=
S reopHoN
F2RIGE/2EsN

3.0

PC-06
83mnB6
mid
2047

52.62
0.23
2.32
4,67
0.14

7.9

21.12

nd
0.03
0.45
99.49

1.9299
0.0063
0.0701
0.0302
0.0141
0.1291
0.0043
0.9790

10,8300

nd
0.0009
0.0130
4.0071

0.0000
0.0000
0.0141
0.0130
0.0302

G.3863
0.5422
0.0715

88.3

M —
S oNesNeN
REEESBERIUNE

8oo

Ropzply

W o
[ ]

@ "Boo BRouwuoe
§3 oo oOf
S

g28

222 BRew
B8 28E8RER

3

=
R

[ = =~ =] oo SO0 O0OCO0O =

PO
5

(=]
bt
o
vt

0.5281
0.0934
85.0

PC-06 PC-05
Blar86  B3mnBé
rim) core
2050 2051
50.91 53.66
0.33 0.15
3.52 2.12
7.19 in
0.25 0.12
16.580 18.37
19.80 21.
nd nd
06.03 0.03
0.13 0.47
98.76 99.84
1.8975 1.94%96
0.0092  0.0041
0.1025 0.0504
0.0521  0.0405
0.0281 0.0000
D.1960 0.1188
0.0079 0.0037
0.9332 0.9947
0.7827 0.8179
o nd
0.000%  0.0009
0.0038 0.0135
&.0140 3.9941
0.0000 0.6000
0.00080 00000
0.02381 ©0.0000
0.0038 0.0135
0.0521 0.0405
0.3494  0.3820
0.5377 0.5521
0,1130 0.05659
82.4 8%.3
cpx 11

0.3727
B.5449
0.0824

85.9

PC-04
8385
core
2053

49.75
0.42
4.59
6.10
6.1

15.60

21.75

nd
0.03
0.46
98.81

1.8590
0.0118
0.1410
0.0612
0.0425
0.1481
0.0035
0.8488
0.8709

nd
0.000%
0.0135
4.0213

0.0c00
0.0000
0.0425
0.0136
0.0612

0.3767
0.5325
6.0908

85.4

BoE2EREE]
3RESESER

o o
3

oo COoOOoO0D0ODOO -
-

28

582

RaBa34REyN

P =
SO NO

8oo

1.9242
0.0058
0.0738
0.0469
0.0000
0.1410
0.0037
0.9505
0.8321

nd
0.0000
0.0183
3.9985

0.0000
0.0000
0.0000
0.0183
0.0469

0.3834
0.5369
0.0797

a7.1

PC-09

core
2002

53.24
0.19
2.18
4.57
0.16

17.53

21.16

0.02
0.49
99.54

1.9481
0.0052
0.0519
0.0422
0.0000
0.1399
0.0050
0.9560
0.8295

0.0006
0.0142
3.9926

0. 0000
0.0000
0.06000
0.0142
0.0422

0.38567
0.5351
0.0783

87.2
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Nakushin clinopyroxene analyses

PC-09 PC-09
83an2S  83an2S
{core mid
2005 2006

wtX oxides
§i02 51.03 51.59
Tio2 0.30 0.31
AL203 2.94 3.03
Fed 6.67 6.39
N0 0.21 0.17
NgO 16.88 16.73
ca0 19.39 20.59
Na20 nd nd
HiD 0.00 D.00
cr203 n.07 0.5
tot P7.49 99.06

atons per & oxygens

Si 1.9198 1.9133
Ti 0.0085 0.0085
Al t 0.0802 0.0857
Al o 0,0502 0.0458
Fe3+ 0.0109 0.0163
Fel2+ 0.1990 0.1819
NN 0.0067 0.0053
Mg 0.9484  0,9247
Ca 0.7816 0.8182
Wa nd nd
Hi 0.0000 0.0000
cr 0.0021 0.0073
tot 4.0054  4.0082
Ac 0.0000  0.0000
Jd 0.0000 0.0000

FeCaTs 0.0109 0.0163
CrCaTs 0.002Y 0.0073
AlCaTs D.O502 0.0458

Wo 0.3592 0.3744
En 0.5295 0.5228
Fs ¢.1113  o.1028
mgit 82.6 83.6

FC-09

0.0131
0.0062
0.0479

0.3747
0.5228
0.1025

83.6

PC-09
B3an25
rim}
2008

51.35
0.31
3.12
6.54
a8.1é

17.05

20.16

nd
0.03
0.20
98.92

1.9070
0.0087
0.0930
0.0436
0.0262
0.1769
0.0050
0.9437
0.8022

et
0.0009
0.0059
4.0131

0.0000
0.000¢
0,0262
0.0059
0.0436

0.3533
0.5362
0.1005

84.2

PC-09
83mn25
core
2009

1

CoOODDOO0 -

-8801

PC-09
83mn25

{core
2010

50.89
0.28
3.52
5.21
0.16

16.45

21.04

nd
0.01
0.57
¥8.33

1.8970
0.0078
0.1030
0.0517
0.0189
0.1436
0.0051
0.9250
0.8404

nd
0.0003
0.0168
4.0094

0.0000
.0000
0.0189
0.0158
0.0517

0.3765
0.5397
0.0838

84.6

-
oo
[o%]
o

SHRERR

lee

1.9088
0.0085
0.0912
6.05%96
0.0101
0.1993
0.6064
0.9444
0.7695

nd
0.0004
0.0045
4.0050

0.5000
0.0000
0.0101%
0.0045
0.0596

0.3577
0.5389
6.1135

82.6

PC-11
=20
{core
1"

51.60
0.61
1.72

11.04
0.46

16.33

18.28
0.40

100.44

1.9172
0.0170
0.0828
0.0000
0.0487
0.2944
0.0145
0.9043
0.7278
0.0288

4.0354

0.0285
0.0000
0.0198
0.0000
0.0000

0.3540
0.4874
0.1587

75.4

cpx 12

- - W
QOO = OO

rakERERSHE

3

1.9074
0.0215
0.0926
0.0000
D.0495
0.3236
0.0153
0.8799
0.7189
0.0270

nd

nd
4.0353

0.0270
0.0000
0.0225
0.0000
6.0000

0.3482
0.4765
0.1753

73.1

PC-N
nd
(core
21

50.36
0.63
1.1

10.40
0.42

16.24

18.48
0.44

nd

nd
98.93

1.9000
0.0193
0.1000
0.0000
0.0614
0.2667
0.0134
0.9131
0.7471
0.0322

nd

nd
4.0533

0.0322
0.0000
0.0292
¢.0000
0.0000

0.3589
0.4961
0.1449

7.4
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ZREVEEREY
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DoOOoODDOOoOD S -
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228

Pc-11

&

L%, ]

P

—
[

omopo-a-
SRABFER/RIURRE NE

8

1.9125
0.0180
0.0875
0.0000
0.0516
0.2862
0.0133
6.9110
0.734%
0.0260

nd

nd
4.0429

0.02560
0.0000
0.0254
0.0000
0.0000

0.3557
0.4%03
0.1540

76.1
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Makushin clinopyroxene analyses

wWt% oxides
§i02
Tio2
At203
Fed
HnO
Hg0
Cad
Nazo
Hio
cr203
tot

atoms per & oxygens

5i
Ti
Al ¢t
Al o
Fe3+
Fed+
Mn
Hg
ta
Ma
Ni
cr
tot

A
Jd
FeCals
CrCaTls
AlCaTs

Wo
En
Fs
ma#

TT-22

%

- w
O‘WQN—'QP

BRZE2ESERYR 8

—

D
-]

1.9454
0.0162
0.0536
0.0030
0.01a83
0.3951
0.0159
0.8453
0.6953

nd

nd

rd
4.0091

0.0000
0.0000
06.0183
0.0000
0.0030

0.3370
0.4531
0.2078

68.7

1T1-22
m29
om

6

- v
TR = O e
. .

-
" *
QEBERRKENGER

0.0187
0.85668
0.7013
nd
nd
nd
4.0028

0.0000
0.0000
0.0057
0,0000
0.0156

0.3400
0.4579
0.29021

69.4
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RARE

%) -~ -
Sro=2ooi =
ne By

¥

J2RAngeRREy

w0
@
L]

2REREREE

2R38s8

f
R
v
L]

0.0000
6.0000
0.0324
0.0000
4.9000

0.1993
0.4450
0.3558

55.6

oﬁ?gwmog
RRANZaRNENER

o
=~
.

1.8975
0.0105
0.1025
0.0274
0.0542
0.1100
0.0041
0.8953
a.9110
0.0146

nd

nd

4027

0.0146
0.6000
0.0396
0.0000
0.0274

G.4220
0.5148
0.0833

89.1

5
ELE

c:?f?:P-ouu::g
SRANIBRBRLE o

©
o

Z5E
€2g

:

pooopooOO
22RP
RE2RE

228

1.8392
0.0210
a.1608
0.0420
0.0767
0.1545
0.0054
0.8109
0.9072
0.0205

4. 0383

0.0205
0..0000
0. 0561
0.0000
0.0420

0.4045
0.5002
0.0953

84.0

Pl ~ 5
Q-—hbo:ﬂﬁbﬂ (1] .
sRks

e m

P =a
» -

FENEENYNYY

2
»

1.8466
0.0219
0.1534
0.0353
0.0732
0.1799
0.0057
0.8214
0.88563
0.0198

nd

nd
4.0386

0.0198
0.0000
0.0534
0.0000
0.0343

0.3983
0.4981
0.1036

82.8

- o~
HWHoOFrO~

odu

SaRepaiauel

3

1.8279
0.0276
0.1721
0.6346
0.0824
0.2424
0.0081
0.7758
0.8422
0.0281

nd

nd
4.0412

0.0281
0.00040
0.0543
0.0000
0.0346

0.3757
0.4749
0.1484

76.2

wn
.

SownmoNNO o
L]

) —a
'

Waaohlbuyiiy

3

1.7
0.0165
0.0873
0.0148
0.0395
0.237%
0.00946
0.8673
0.8205
0.0139

nd

nd
4.0197

0.0139
0.00040
0.0256
0.0000
0.0148

0.3901
G.4788
01311

78.5

)
=~
.

1.7993
0.0255
0.2007
0.0642
0.0855
0.1610
0.0084
0.7917
(.8858
0.0207

4.0428

0.0207
0.0000
0.0649
0.0000
0.0642

0.3784
0.5166
6.1050

83.1

0.0431
0.1974
0.0083
0.829N
0.8692
0.0219

nd

nd
4.0216

0.0219
0.0000
0.0213
0.0000
0.0385

0.4057
0. 4800
0.1143

8¢0.8

W

-

-

L3

vzakenuniyrg

0
N

1.9570
0.0144
0.0430
0.0186
0.0000
0.4059
0.0186
0.8132
0.7032
0.0238

nd

nd
3.977

0.0000
0.0185
0.6000
0.0000
0.0000

0.3514
0.4325
0.2159

6.7

5
RS

-
E

o~
QWO = -2y
v . n

22482588 Y

—

ey

hd
—y

1.8423
0.0375
0.1577
0.0166
0.04662
0.3208
0.0132
0.7603
0. 7906
0,0279

nd

nd
4.0331

0.027%
0.0000
0.0383
0.06000
0.0166

0.35679
0.4446
0.1876

70.3
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Makushin orthopyroxene analyses

LR-02 LR-02 LR-02 LR-02 LR-D2 LR-02 LR-02 LR-02 LR-02 LR-02 LR-02 LR-0ba LR-Dba LR-Déa LR-Dsa
B3ansS  83andS  B3and5S B3mnsS  B3mnsS 83andS A3mnd5 A3ands 83an52 A3an52  B3Imn52 B3mn52
core core {core rim) core (core rim) (core rim) {core rim) {core rim) {core rim)
3601 3002 3003 2004 3005 3006 3007 3008 3047 3048 3049 3050

g
¥

wt¥ oxides

5io2 52.79 52.89 53.04 53.38 52.79 52.21 53.48 52.36 53.03 52.46 52.28 52.65 53.27 53.23 53.16
Tig2 08.30 0.32 0.28 0.32 0.33 0.3%6 0.27 0.2% 0.3 0.28 0.33 D.34 D.34 0.32 ¢.30
Al203 0.83 0.72 0.99 1.04 1.34 1.20 0.97 0.81 0.94 0.7% 1.06 0.92 1.06 1.01 1.07
Fed 21.42 19.32 19.95 18.58 19.28 19.83 19.41 22.50 20.09 21.40 19.70 21.22 19.13 21.1% 19.24
HnO 0.74 0.49 0.64 0.60 0.62 0.55 0.62 0.77 0.68 0.73 0.64 0.74 0.56 0.67 0.55
Mg0 22.17 23.45 22.82 24.08 23.38 22.74 23.28 21.75 23.82 21.50 23.29 22.29 24,02 22.28 23.M
Cal 2.03 2.00 2.15 1.99 2.07 1.98 1.9¢ 1.82 1.96 2.02 1.94 1.81 1.90 1.74 2.00
Naz0 nct nd nd i nd nd nd nd nd nd nd nd nd d nd
Wio 0.04 0.01 0.03 0.00 0.00 0.00 0.07 0.00 0.00 6.03 0.00 0.03 0.00 0.02 0.03
trzod 0.01 .02 0.0 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 6.02
tot 100.33 99,42 99.91 99.99 .86 98.99 100.03 100.30 100.85 99.18 99.26 100.02 100.30 100.41 100.08

atoms per & oxygens
S 1.9637  1.9662 1.9665 1.9631 1.9524 1.9548  1.9725 1.9583 1,998 1.9745 1.9515  1.9618 1.9577 1.9708 1.9599
Ti 0.0084 0.0089 0.0078 0.0089 0.0106 0.010% 0.0075 0.0082 0.0086 O0.0079 0.0093 0.010% 0.0099 0.0089 0.0083
Al t  0.03583 0.0316 0.0335 0.0359 0.0476 0.0452 0.0275 0.0357 0.0407 0.0255 0.0466 0.0382 0.0423 0.0292 0.0401
Al o 0.000t 0.0000 0.0098 0.0082 0.0108 0.0077 0.0147 0.0000 0.0000 0.0073 0.00060 0.0022 0.0036 0.0148 0.0054
Fe3+ 0.0192 0.0131 0.0077 0.0109 0.0157 0.0166 0.0000 0.0194 0.0230 0.0023 0.0281 0.0158 0.0188 0.0000 0.0166
Fe2+ 0.46472 0.5876 0.6109 0.5605 0.5807 . 0.6043 0.5987 0.6844 0.5%47 0.6713 0.5869 0.6455 0.5892 0.6546 0.5767
Mn 0.0233 0.0297 0.0201 0Q,0187 0.0194 0.0206 0.01%4 0.0244 0.0212 0.023% 0.0202 0.023% 0.0174 00210 0.0472
Mg 1.22900 1.2992 1.2609 1.3198 1.2887 1.2689 1.2797 1.2123  1.3052 1.2060 1.295%6 1.2378  1.3156 1.2293  1.3027
Ca 0.0809 0.0797 0.0854 0.0784 0.0820 O0.0794 0.0786 0.0729 0.0772 0.0815 0.0776 0.0723 0.0748 0.0690 0.07%0
Na nd nd rd nd nd e nd nd nd nd ncd nd nd nd nd
Ni  0,0012 0.0003 0.0009 O06.0000 0.0000 O0.0000 0.0003 0.0000 0.0000 O0.000%¢ 0.0000 O0.0009 O0.0000 0.0005 0.0009
e 0.0003 0.0006 0.0003 0.0000 0.0000 (.0006 O0.0000 O0.0000 0.0006 0.0000 0.0000 L0000 0.0000  O0.0000  0.00056
tot 4.0096 4.0088 4.003% 4.0055 4.0078 4.0083 3.99B89 4.0157  4.0210  4.0012  4.0159 0079 4.0094  3.9983 4.0083
NaR3Si206 0.0000 0.0000 0.0060 0.0000 0.0000 O0.0000 0.0000 0.6000 . 0000 0.0000 0.0000 0.0000

0

&
0.0000 0.0000 Q.0080 G.
NaTiAlSi06 0.0000 0C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.06000 0.0000 0.0000 0.0060 0.0000
R2TiAl206 0.0084 0.0089 ©.0078 0.0089 0.0106 ©0.0101 0.0075 0.0082 0.0086 0.0079 0.0093 0.0101 0.0099 ©Q.0089 0.0083
R2R3ALSi06 0.0195 0.0137 0.0178 0.0192 0.0265 0.0250 0.0125 0.0194 0.0236 0.0097 0.0281 0.0180 0.0224 0.0114 0.0235
Wo 0.0419  0.0410 0.0442 0.0406 0.0429 0.0474 0.0406 0.0376 0.0397 0.0420 0.0404 0.0375 0.0388 0.0357 0.0410
En 0.6276 0.6604 0.6439 0.6734 0.6598 0.6493 0.8536 0.6152 - 0.6597 0.5155 0.6605 0.6326 0.4709 0.6292 0.6647
Fs  0.3305 0.2987 0.3119% 0.2860 0.2973 0.3092 0.3058 0.3473 0.3006 0.3426 0.2992 0.3299 0.2903 D.3350 0.2943
mg# &5.5 68.9 67 .4 70.2 &68.9 &7.7 68.1 63.9 68,7 64.2 -8 65.7 £9.8 65.3 69.3
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Makushin orthopyroxene analyses

LR-D6a LR-0D&a LR-06a LR-06a LR-08a LR-06a LR-06f LR-0&6f LR-0&Ff LR-06f LR-11 LR-11 LR-12b

83mn52  23mn52 8352 83an52  83an52 B83wn52  B3mnS7 B3mr57 G357 B3enSY m9 mi9  D1-409
(core rim} ges core rim rim {core rim) core . rim rim core (core
3031 3052 3053 3054 3055 3056 3057 3059 3060 30461 11 12 3022
wt¥ oxides

5102 53.07 53.29 53.48 53.02 53.14 53.15 52.91 53.15 S2.47 53.1% 4B .06 4L7.52 52.85
Tig2 0.32 0.23 0.28 .32 .33 0.37 0.3 0.32 0.31 0.23 0.23 0.21 0.30
Al203 0.92 0.78 0.84 1.01 1.10 1.1 0.92 1.27 0.78 1.08 0.9 1.1 0.81
Fed 20.04 19.52 19.41 19.90 19.00 18.30 19.93 19.12 20.29 18.80 17.81 18.51 21.565
HnO 0.1 0.69 0.67 0.65 Q.62 0.67 0.77 0.66 0.73 D.6& 0.56 0.51 0.81
MgOo 22,79 23.56 23.07 23.09 21.81 23.89 23.13 23.35 22.33 24.30 22.70 21.18 21.47
Cap 2.02 1.92 1.95 1.9 1.95 1.98 1.92 2.60 2.01 1.95 1.76 1.56 1.91
Na20 nd d nd nd nd nd nd nd rd nd 0.02 0.04 rd
NiQ 0.01 0.01 0.00 0.03 0.00 0.00 0.02 0.00 0.01 0.01 el nd 0.00
cr203 0.01% 0.03 Q.01 0.00 Q.02 0.02 0.03 0.02 0.403 0.03 nd nd 0.00
tot 99.89 100.03 9.71 99.93 59.97 99.49 99.9% 99.59 98.96 100.17 92.05 90,656 99.80

atoms per & oxygens
Si 1.96B5 1.9485 1.9789 1.9639 1.959¢3  1.9632 19619  1.9619  1.9495 1.9537 1.9327 1.9451 1.97&7
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Kakushin orthopyroxene analyses
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Makushin orthopyroxene analyses
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Makushin pigeonite compositions
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Makushin magnetite/spinel compositions
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Appendix 4 - Silica Variation Diagrams

Silica variation diagrams for most analysed elements follow.
Symbols are as follows:

Stars - late Holocene Makushin Yolcano (M1 series)

croages - middle and early Holocene Makushin Volcano (M2, M3
and MW Beries)

amall pluseg - Pleistocene QTve (M5, Me, Md, Me, Mf, Mg and
Mh series) .

triangles - Lava Ramp (LR)

inverted trianglgs -~ Sugarloaf (SL)

hexa&ons - Pakushin Cone (PC)

aquares - Point Kadin Vents (PK)

upright diamonda - Tablae Top Hoﬁntain (T

sideways diamonds - Wide Bay Cone (WB).
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