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VOLCANISM INFORMATION REQUESTED BY THE U.S. NUCLEAR REGULATORY
COMMISSION (NRC) STAFF (SCPB: N/A)

Reference: Ltr, Bell to Brocoum, dtd 7/27/95

In the referenced letter, the NRC requested copies of two data
packages as follows:

1. "Effects of Magmatic Processes on the Potential Yucca
Mountain Repository: Field and Computational Studies, " by
G. A. Valentine et al.

This item has been published in Proceedings Site

Characterization and Model Validation Focus '93 Symposium

Volume, American Nuclear Society, La Grange Park, Illinois,

p. 167-173, 1993. A copy of this article is enclosed. The

U.S. Department of Energy obtained the copyright clearances
_ necessary for transmittal of this item to the NRC.

This data package is, in fact, listed twice in the Yucca
Mountain Site Characterization Project Technical Data Catalog
(Quarterly Supplement) dated June 30, 1995. The first
listing is under Activity 8§.3.1.8.1.2.1, and the second
listing is under Activity 8.3.1.8.1.2.2.

2. "Geochemistry of the Lathrop Wells Volcanic Center" by
F. V. Perry and K. T. Straub.

A copy of this report is enclosed.
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If you have any questions, please contact me at (702) 794-7971 or

‘April V. Gil at (702) 794- 7622
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EFFECTS OF MAGMATIC PROCESSES ON THE POTENTIAL YUCCA MOUNTAIN REPOSITORY: FIELD AND
COMPUTATIONAL STUDIES ‘

G.A. Valentine, KR. Groves, & C.W.Gable .
Geoanalysis Group EES-5

Mail Stop F665

Los Alamos National Laboratory
Los Alamos, NM 87545

Assessing the risk of future magmatic activity at a potential
Yucca Mountain radioactive waste repository requires, in
addition to event probabilities, some knowledge of the
consequences of such activity. Magmatic conscquences are

divided into an eruptive component, which pertains to the
possibility of radioactive waste being erupted onto the surface of
Yucca Mountain, and a subsurface component, which occurs
whether there is an accompanying eruption or not.  The
subsurface component pertains o a suite of processes such as

hydrothermal activity, changes in country rock properties, and
tong-term alteration of the hydrologic flow field which change
the waste isolation system. This paper is the second in a secies

describing progress on studies of the effects of magmatic

activity. We describe initial results of field analog studics at
small volume basaltic centers where detailed measurements are
being conducted of the amount of wall-rock debris that can be
erupled as a function of depth in the volcanic plumbing system.

Constraints from field evidence of wall-rock entrainment.
mechanisms are also discussed. Evidence is described for 2

mechanism of producing subhorizontal sills versus subvertical

dikes, an issue that is important for asscssing subsurface effects.

Finally, new modeling techniques, which are being developed in

order to capture the three dimensional complexities of real

geologic situations in subsurface effects, are described.

INTRODUCTION

The risk of future magmatic activity for the potential
Yucca Mountain repository block is defined by the conditiona!
probability :

Prir = PrE3 given E2.E1)Pr(E2 given EI)Pr(EI) .

where Prgr is the magmatic disruption probability (i.c.. the
likelihood of a magmatic event causing releasc of radioactive
waste to the accessible environment in excess of rcgulatory
limits), £/ is the recurrence rate of magmatic events in the
Yucca Mountain region, E2 is thc probability that a future
magmatic event intersects the repository or is close enough to
have a significant cffect on repository performance, and £3 is the
probability that a given magmatic cvent will cause rclease of
waste to the accessible environment in quantitics that exceed
rcgulatory limits. E3 is the sum of two components, £3. and
E 3. which denote refeasc to the surface by cruption and release
in the subsurface cnvironment, respectively.  Prdy is the primary
measure for judging reduction in wastc isolation as a result of
magmatic processes. Rescarch associated with E3 is divided into
three parts:! (1) Eruptive Effects (E3¢), which addresses how
much radioactive waste could be crupted onto the surface of

167

F.V.Perry & B.M. Crowe .
Nuclear Waste Management

- Research & Development
Group EES-13, MS J521
Los Alamos National Laboratory
Los Alamos, NM 87545

Yucca Mountain If an eruptive event penetrated the potential
repository; (2) Subsurface Effects (E3s). which addresses
processes such as local hydrothermat circutation or perurbation
of the regional groundwater flow ficld in response to an intrusive
event (with or without eruption); (3) Magma System Dynamics,
which addresses, from a physical point of view, the overall
processes that produce the observed patterns of volcanism in the
Yucca Mountain region with the goal of supporting the

" conceptual basis for event probability calculations.

This paper is a sequel to the 1992 paper of Valentine et
al..2 which was the first published report describing recent
efforts to understand and estimate the effects of magmatic
activity on the potential Yucca Mountain repository. This earlicr
paper® focused on strategies that had been identified for
estimating eruptive and subsurface effects, and described initial
studies of subsurface effects at the Paiute Ridge analog arca,
along with initial efforts at modeling magma system dynamics.
Since that paper was wrilten, work has proceeded on both
eruptive and subsurface effects, and to 2 lesser extent on gencral
concepts of magma dynamics. The cucrent paper will emphasize
initial results of eruptive effects studies.

ERUPTIVE EFFECTS (E3¢) STUDIES

Xenolith Abundances at Small Basaliic Centers

Valentine et al.1.2 have described the importance of
using analog basaltic centers to constrain the amount of foreign
material that could be crupted onto the Earth's surface from a
given depth, which in our case is the depth of the potential
repository horizon. Analog studies are more desirable than
theoretical studies because the physics of wall-rock entrainment
into magma flowing through a dike is only poorly known. Qur
approach is to identify basaltic centers of similar size,
composition. and eruptive styles to the Pliocene-Quaternary
centers near Yucca Mountain. The additional factor is added that
the subvolcanic rock types arc well known aad their depths
bencath the volcanoes are well constrained. We then conduct
detailed measurcments of crustal xenolith abundances and
attempt to correlate cach xenolith with its depth of origin (if
possible). These data thea provide quaatitative information on
the amount of debris, including radioactive waste, which could
be crupted from the potential repository horizon. There are
limited studies in the literature that describe the volume fraction
of shallow crustal xenoliths (a.k.a. lithics) in smatl volumc
Strombolian and hydrovolcanic volcanoes such as those near
Yucca Mountain, 33 but these generally do not contain detailed
data on the relative proportions and depths of derivation of the
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lithics. The only paper that we are familiar with that providcs
data on proportions of lithics as functions of depth of origin is
that of Mastin,0 which is about a chyolite dome, not a basaltic
center.

The Colorado Plateau provides an excellent setting for
this study bccause of its well established, subhorizoatal
stratigraphy that is relatively unaffected by faulting; our initial
work has becn conducted on the eastern margin of the Colorado
Platcau in the Luccro volcanic ficld, west-central New Mexico.”
Basaltic volcanism in the Lucero ficld ranges in age from 8.3 Ma
to as recent as a few thousands or tens of thousands of yecars.
Eruptive styles ranged from broad shields with lava flows
extending several tens of kilometers, to small isolated scoria
cones, tuff rings, and tuff cones. Compositions are mainly
tholeiite to alkali basalts.

Alkali
Butte

Q remnant crater

% vent
V73 spring deposits?
i dike
pyrodastic deposits
with minor favas
o $00 J
| e San ey S s |
Meters spring

Figure 1. Simplified geologic map of Alkali Buttes, showing
distribution of volcanic rocks, dikes, inferred vents, inferred
crater rims, possible hot spring deposits, and an active spring.
Geographic location of Alkali Buttes can be found in Ref. 7.
The volcanic rocks were erupted onto a surface cut into the
Upper Triassic Chinle Formation.

To date we have focused on the Alkali Buttes centers
(Figure 1; see also Ref. 7)., which arc thought ta be several
hundred thousand years old. These buttes are erosional remnants
of an approximately 2 km long, north-northeast ueading, chain
of four to five vents Lthat is subparallel to major normal faults in
the arca. This chain probably formed a single continuous land
focrm prior to erosion. South Alkali Butte is the remnant of a tuff
ring or wif cone (only the crater-filling deposits are prescrved).
The earliest deposits are lapilli tuffs containing abundant lapilli
and block-sized lithic clasts, probably representing strongly
hydrovolcanic actlivity. These tuffs are overlain by relatively
ash-poor beds of poorly vesicular basalt Iapilli with much lower
lithic coatent than the wlfs. These lapilli beds probably
represent eruptions that were influcnced by a lower degree of
hydrovolcanic {ragmentation than thce underlying tuffs.
Overlying the lapilli beds are beds of coarse, vesicular scoria and
small bombs, which are in turn overlain by variably agglutinated
coarse spatter beds interlayered with thin lava aad pillow lava
fMlow units. Near the original crater center, the spatter beds are
ovcerlain by a mixture of mud derived from the Chinle formation
(sce below) and large, highly vesicular fluidal basalt clasts. The
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entire sequence is capped by pillow lavas which locally prouuéc

downward into the Chinle-basalt mixture. We interpret this®
sequence as recording decreasing hydrovolcanic activity through

the main phases of eruption (lapilli tuffs, poorly vesicular lapilli,

scoria, and spatter/lava flow units). This phase was followed by

an extended period of weak lava effusion and mud boiling in the

lowest parts of the crater (to produce the mixed Chinle mud-

basalt clast unit) and eventually production of a small volume of
lava which flowed onto and into the mixed Chinle mud-hasait

clast unit. The latter unit was probably a water-saturated slurry

at the time (hence the formation of pillow lavas). A small arca,

about 50 m in diamcter, oa the interior of the center is littered

with large (decimeter to meter) sized lithic blocks from S00-600

m depth, perhaps indicating a late-stage phreatic explosion.

Possible hot spring deposits capping pillow lava in the center of
the original crater indicate that hydrothermal activity persisted
for some time after eruptions ceased. -

North Alkali Butte consists of the remnants of three
scoria/spatier cones and associated cratecs (Figure 1). The
southern two cones filled in a previously formed wlf ring or tuff
cone, of which only the inncr, inward dipping deposits are
preserved. As at South Alkali Butie, the lowest preserved
deposits of this tuff ring/cone phase are lapilli tuffs, overlain by
poorly vesicular basalt lapilli beds, then vesicular scoria and
spatter beds that are variably agglutinated and are associated
with the three cones. Localized lava flows were also erupted

from the cones but. unlike South Alkali Butte, we found no -

pillow lavas. This is probably because the cones filled up the
wif ring/cone's crater to produce topographic highs. This
contrasts with South Alkali Buite where the crater was not filleg
and thus remained a closed basin which retained water and the
Chinle/lava slurry described above. The northern part of North
Alkali Butte is poorly exposed, but does not seem to contain the
hydrovolcanic units (lapilli tuffs and poorly vesicular lapilli
beds) that occur to the south. Additionally, it may not have
expericnced cxtensive hydrovolcanic processes. Possible hot
spring deposits occur on the northeast flank of North Alkali
Butte. An active spring is present at the southern ead of North
Alkali Butte; it is collinear with the possible hot spring deposits
on North and South Alkali Buttes, along a north-northeasterly
trend that like the uend of the vents is subparallel to regional
normal faults. North Alkali Butte was more dominatcd by
Strombolian eruption mechanisms (driven by cxpansion of
magmatic volatiles) than South Alkati Butte, which had a larger
hydrovolcanic component.

The subvolcanic suatigraphy at Alkali Buttes is well
constrained due to exposure in the nearby Lucero Uplifi8.9 and
two cxploratory oil wells provide subsurface control. One of
these wells Is located about 22 km southwest of Alkali Buttes!0
and the other is located 14 km to the northwest of Alkali
Buttes.!1 Surip logs for these wells were obtained at the New
Mexico Burcau of Mines and Mineral Resources in Socorro.
New Mexico. The stratigraphic units consist of, in dcscending
order:

Chinle Formation (Upper Triassic) -- Approximatcly 510 m
thick. Muinly red 1o reddish brown and purple silty
mudstone and clay shale with thin sandstonc lenses. Lower
200 m has zoncs of fcldspathic sandstone, and chert and
limestone pebble conglomerates.

San Andres Formation (Lower Permian) -- Approximatcly
130 m thick. Mainly gray finc to medium grained
limestones, silty limestones, gypsum, and gypsiferous shale.
Distinctive petroleum odor when broken. ’

Glorieta Sundsione (Lower Permian) -- Approximately 60 m
thick. Massive, pale yellow, fine-grained, well-sorted
quatzose sandstone with abundant cross bedding.
Erosionally resistant formation. -
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Yeso Formation (Lower Permian} - Appeoximatcly 400 m
thick. ~ Alternating beds of pale red, yellow, and bufl

gypsifcrous shale with grayish white to pink sandstonc.

Highly gypsifcrous.

Abo Formation (Lower Permian) -- Approximately 280 m
thick. Mainly dark red, silty sandstones and shales with
lenscs of limestonc.

Muadera Formation (Pennsylvanian) — Approximatcly 230 m
thick. -Various combinations of tan, gray, white, and red
dense limestone interbedded with white, coarse-grained
sandstone and light gray to red-brown shale.

Sandia Formation (Pennsylvanian) -- Approximately 75 m
thick. Tan-white and tan-brown, dense, crystalline limestone
interbedded with white coarsc-grained sandstone and
conglomerate.

Granite Wash Formation (Precambrian} -- Coarsely
crystalline granite. '

The approximate thicknesses given above are estimated 10 be
accurate to within 10% of the thickness of cach formation. Most
observed lithic fragments were from the Chiale, San Andres, or
Gloricta formations (depths less than about 700 m).

Preliminary lithic abundance data for the Alkali Buties
centers are shown in Figures 2, 3. We have grouped the data
according to the eruption facies to which they correspond.
instead of specific stratigraphic or geographic locations, because
our main interest herc !
mechanisms on lithic abundances. Note that many more basaltic

centers will be studied in order to minimize the effects of locat .

geologic conditions on our results, which will ultimately be
applied to the Yucca Mountain setting. Lithic abundance data
were collected by marking off 1 mZ with nails and a string, then
measuring the long and short dimension of each lithic fragment
within the arca and identifying the formational origin. In some
cases, especially for smaller clasts or clasts that had been baked
(for cxample. a lithic
identifications were ambiguous. For the plots shown we lumped
these clasts, which are 2 minor part of the data, with their most
likely formations. Only clasts with 2 long dimension of 1 cm or
greater were measured in the field; the abundance of smaller
lithic clasts will be determined from microscopic examination of
samples co'lected within the measured areas. Thus the data
]

is the influence of diffcrent cruptive -

clast within a lava bomb), the

shown here are only the macroscopic component of lithics.
When microscope data are included the total abundances will
increase somewhat, particularly in the lapilli wffs where it is
likcly that much of the ash matrix is xenolithic. Using the long
and short dimeénsion of each measured clast, we compute the arca
of the clast in the outcrop by approximating it as a rectangle.
These areas are converted to area fractions by tallying the areas
of all lithics of a given formation. The acea fraction is
proportional to volume fraction, although some correction will
cventually be made for the fact that not all lithics are exposed at
their maximum cross sectional area. This correction will
probably result in 2 30-40% increase In converting arez fractions
to volume fractions. Overall, we fee! that that the error in the
area fraction estimates is about 10%. A more rigorous
asscssment of this erroc witl be made in the future.

Figure 2 shows lithic abundances (arca fractions) as
functions of depth for lapilll wfls, poorly vesicular lapilli units,
and vesicular scoria/spatter units. Also shown are total lithic
abundances for each mcasured area. Note that we have plotted

for cach lithic type at mid level for each particular
formation: each point should be considcred as having a possible
depth range over the entire thickness of that formation. Most of
the plots show a general decrease in lithic abundance with
increasing depth of origin. This simple trend is complicated by
the fact that Glorieta Sandstonc fragments are typically morc
common than fragments from the overlying San Andres
Formation. There are at least two possible reasons for this.
First, although the Glorieta Sandstone is very dense and has a -
low matrix porosity, it is highly fractured. it may therefore have
acted as 2 fracture-dominated aquifer and therefore as 2 source of
water for explosive magma-water interaction. The difference in
abundance of fragments then reflects the relative importance of
hydrovolcanic explosions at corresponding depths.  This
interpretation perhaps best applies for the tapilli wifs and poorly
vesicular lapilli units, which show indcpendent evidence for an
important role of hydrovolcanism (c.g.. abundance of ash in the
wffs, low vesicularity of juvenile clasts). However. the vesicular
scoria/spatier units, which seem to have been formed by
eruptions driven mainly by magmatic volatiles, show the same
wrend in lithic abundances. A second and favored interpretation
at this point is that the mechanical properties of the Glorieta
Sandstonc played the major role in controlling its abundance in
eruptive deposits. In outcrop, Glorieta Sandstone is fractured
into coherent blocks of various sizes that depend partly on the
scale of bedding within the sandstones. This contrasts with the
overlying San Andres and Chinle formations, which tend to be
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Figurc 2. Plots of macroscopic (> 1 cm long dimension) xenolith
Subvolcanic stratigraphy is showa on the right hand side of cach
poorly vesicular lapilli units, and (c) vesicular spatter and scoria

" Area fraction of xenoliths (%)

Area {raction of xenoliths (%) .

area fractions. measured on outcrops, against xcnolith depth of origin.
graph, corresponding to appropriate depths. (2) Lapilli tuff units. (b)
units. Value shown in a box by cach curve is the total xcnolith area

fraction for that measured outcrop. Error bars arc not shown. but a conservative estimate of error in area fraction values is +/-10% due t0
inaccuracics in measuring the outcrop area studied and because the arca for each clast is computed as if the clast were a rectangle. Errors

in the depth values are less constrained, and range over the entire thickness of cach formation.

each formation. For cxample, depth values for data plotted in the
Sandstonc depths have errors of +/-30 m.
Yeso Formation: Pa - Abo Formation; Pm - Madcra Formation.

Data have been plotted at mid level for
Chinle Formation have an error of +/-255 m. Data plotted at Gloricta

Symbols: Trc - Chinle Formation: Ps - San Andres Formation; Pg - Gloricta Sandstone: Iy -
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less competent and have a larger proportion of nonindurated
shales and mudstones, with only thin layers of more competent
limestones or sandstones. These formations may aot sustain
fractures as well as the Glorieta Sandstone so that large coherent
fcagments do not break off as easily. Mechanisms foc this
entrainment will be discussed in the next section.

Figure 3 shows total area fraction -of lithics and
maximum lithic sizes for the main cruplive facies. Vertical bars
within each facics type represent average values, which of course
are based on only a few data at this point and are preliminary.
The data show that in general the total lithic contents decrease
upward in the stratigraphic sections (Figure 3a), parallcling the
inferred decrease in importance of hydrovolcanic processes.
which is expected. Maximum xenolith size, which is the average
of the three largest lithic clasts mecasured at cach station, also
decreases between the lapilli tuffs and the vesicular spatter/scoria
units. The largest lithic clasts measured in the lapilli tuffs to date
are 2.2 m and 1.5 m in long dimension, and are from the San
Andres and Glorieta Sandstone formations, respectively. Other
lithic clasts of comparable size were, surprisingly, found in the
vesicular spatter/scoria units at South Alkali Butte. These clasts
are 2.7 and 3.0 m in long dimension, and are both from gypsum
beds that are characteristic of the topmost Yeso Formation. Thus
large meter-size blocks were erupted from depths of 500-700 m
during both hydrovolcanic and magmatic eruptions at South
Alkali Butte.
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Figure 3. Plots of total arca fraction of xcnoliths (a) and
maximum xenolith size (b) for cach of the four maia volcanic
facics at Alkali Buutes. Note that horizontal scales are
logarithmic. Vertical bars represent average values for cach
facies type.
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These are only preliminary data, but it is useful tot
describe briefly how they will be used 10 assess eruptive effects
at the potential Yucca Mountain repository. Our approach is to
collect such data at several sites in 2 variety of scttings. For cach
cruptive mechanism (related to the deposit facies), we will
compile a range of lithic abundances for depths corresponding to
the depth of the potential repository horizon. The range of
volume fractions from each cruptive mcchanism will then be
coupled with probabilities and likely cruptive volumes for the
different mechanisms to estimate total volumes of repository
horizon debris that could be erupted during a volcanic event.
Assuming that radioactive waste bchaves similarly to the
surrounding rocks, we will directly estimate the amount of actual
waste erupted (we view this assumption as conservative for
reasons detailed in Refs. 1, 2). Maximum xenolith size data
provide constraints on the largest fragments that could be erupted
in a repository disruption scenario.

Entrainment Mechanisms

It is imponant to understand the mechanisms by which
foreign debris is entrained into a flowing dike or magma conduit .
in order to constrain the processes of waste discuption. As
mentioned above, a theoretical treatment of this process has been
elusive, so we have focused on evidence from analog sitcs. We
have focused our initial studies on the Paiute Ridge2.12.13 and
Nye Canyonl4.15 analog sites, both of which are on the eastern
border of the Nevada Test Site. Basalt intruded and erupted
through silicic tuff from the Timber Mountain-Oasis Valley
caldera complex at both sites, thus they are analogous to a
potential basaltic event at Yucca Mountain where basalts would
intrude similar tuffs. The Pajute Ridge and Nye Canyon sites
have been eroded to depths of 100-300 m below their surfaces at

the time of basaltic activity, so the processes recorded may be -

similar to those which would occur at potential repository depths
in Yucca Mountain. '

We have identified three main entrainment mechanisms
at these analog sites (Figure 4): spalling of rock into the tipof a
propagating dike, dike wall erosion due to shear from flowing
magma, and inclusion of wall-rock material between a main dike
and small subparalicl offshoot dikes. An additional mechanism,
which we do not discuss in detail here, is explosive fracturing of
wall-rocks duc to magma-water interaction. The first of these
mechanisms, spalling into a dike tip, results from the very low
pressures inside a crack that is just being pushed opcnl 6
compared to the near lithostatic pressure in adjacent country
rocks. Evidence for this process at Paiute Ridge consists of
patches of brecciated wall-rock along the margins of a dike (the
dike is about 2 m thick) within 20 m of its upper termination.
This dike spays into two to three subparallel dikes near its
termination, which probably aids in the entrainment process.

Dike wall erosion due to shear is physically similar to
crosion of a strcam bed.  Asperitics on a dike wall expericnce
shear (and pressure variations) due 10 the flowing magma and if
this shear is sufficicntly strong the asperities wilt break off the
walls. [n competent rock such as well-cemented limestones and
welded tuffs. this cntrainment process is probably of minor
importance. Less competent rocks, such as nonindurated shales
and nonwelded tuffs, may be more strongly affected by this shear
€rosion process.

Inclusion of wall-rocks between a main dike and
subparallel offshoots is shown at a wide range of scales both at
Paiute. Ridge and at Nyc Canyon. In one cxample at l'aiute
Ridge, a ~1 m thick main dike is separated by sbout 3 m from 3
thin (10-20 cm) offshoot dike. Between tiese two dikes the tull
wall-rocks have been compressed and welded by the heat and
pressure of the dikes in some places. In others the rocks have
been extensively breceiated and form a complex mixture of wall-
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Figure 4. Mechanisms of wall rock entrainment into flowing dikes or conduits. (2) Wall rock spalls off into a'propagaxing diké tip due o0
the low pressures there. (b) Entrainment by shear efosion of small fragments of wall rock. (¢) Entrainment by inclusion, where small

offshoot dikes separate fragments of wall rock which are then caught up in the flow of magma in the main dike.

rock breccia and injected basalt (some of the breccia may have
been in existeace pror to intrusion of the basalts due to a nearby
normal fault). Patches of breccia extend into the main dike
where they become mixed with progressively more basalt,
indicating that the entrainment process was prescrved in action
when flow in the dike ccased. Numerous smaller scale examples
of the inclusion mechanism are preserved at these two analog
sites. Typically, small centimeter thick offshoot dikes will
extend outward for several ceatimcters to a few tens of
centimeters, then curve back inward to join the main dike. The
small “islands” of wall-rock are thea caught up in the main flow
of magma. We think that the abundance of xenoliths from the
Glorieta Sandstone, mentioned in the preceding section, may be
a result of this inclusion process. The fractured nature of the
sandstone would enhance formation of numerous offshoot dikes,
which would result in incorporation of coherent blocks of
sandstone more casily than in the overlying formations.

Of these mechanisms, the two that are most likely to
effectively entrain intact or partially intact waslc packages are
the spalling of rock into a propagating dike tip and the inclusion
of wall-rocks between main dikes and offshoots. It is clear from
the data at Alkali Buttes that blocks with dimensions that arc
similar 10 waste packages (1-2 m) can be erupted from depth in
small basaltic eruptions. although these are relatively rarc. if a
volcanic event were to penetrate the potential repository late in

the isolation period, aftecr waste packages have corroded, it is |

likely that waste could be easily incorporated into 2 dike.
Conduit Geometries

A third aspect of our studies of eruptive effects, which
also relates to subsurface effects, is conduit geometrics for small
basaltic volcanoes. Such volcanocs are fed at depth by dikes, but
in the ncar surface cavironment these dikes flare and How
becomes concentrated into onc or a few ncar cylindrical
conduits. Such geometrical changes could influence the amount
of waste that could be intersected by magma if a volcanic event
occurred at the poteatial Yucca Mountain sitc. We are in the
beginning stages of surveying deeply croded centers where these
fcatures have been exposed. Many such plugs or necks are
cxposed in west central New Mexico where there are good
constraiats on the elevation of the ground surface at the time of
eruptions. - We ar¢ also studying such features in the southern
Great Basin of Nevada, although it is oficn difficult to cunstrain
original depths because of post volcanic faulting.
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SUBSURFACE EFFECTS (£3) STUDIES
Dikes vs. Sills

The subsurface effects of 2 dike or dike sct, which would
be expected 1o be subvertical, are probably much different from
the cffects of a subhorizontal! sill. These effects .would be
strongly influcnced by the planform of hydrothermal circulation
resulting from an intrusion and. in the long-term, by intrusion-
induced changes in hydrologic propertics of the country rock.
We must undcrstand the mechanisms that cause sills to form at
shallow depths (within 1 km of the surface) in order 10 place
constraints on the probability of sill ecmplaccment at Yucea
Mountain. It is commonly assumed that sills form at a level of
neutral buoyancy, where the magma and country rock densitics
are equal. Evidence from the Paiute Ridge analog site2.13
suggests that other processes may be impontant in determining
whether a sill is formed from a dike filled with rising magma.
Here there are subvertical dikes several kilometers long, and
typically only 1-3 m thick, from which sills extend horizontally
only locally from the dikes. For example, a sill might extend
horizontally from a 100 m long segment of the feeder dike that is
several kilometers long. A single long dike car feed two or three
scparate sills along its length, all at roughly the same level (or
depth below the original surface). In addition, at least two of the
main feeder dikes extend 100 m or higher above the level of their
daughter sills. These observations indicate that sills at Paiute
Ridge result from a process other than a level of ncutral
buoyancy, which would cause a risinz dike to divert into a sill
along its cntirc length, and magma in the dike would not be abie
to flow above the level of neutral buoyancy. Most of the dikes at
Paiute Ridgce arc coplanar with normal faults. We suggest that
sills formed where asperities caused local locking along fault
planes and hence local reorientation of principle stresses. We are
currently exploring ways to test this hypothesis - unfortunarcly
fault planes at Paiute Ridge are often obscured by coplanar -
intrusions and poor exposure. If this hypothesis is true, then we
will be able to utilize subsurface data on faults at Yucea
Mountain to assess the probability of sill formation there, given
an intrusive cveat. .

Modeling
In addition to ficld analog studics of subsurface effcts,

we are using nrumerical simulation techniques to guide our
understanding of the roles of various parwneters (e.g., intrusion

' ]



SRR

oL

Figure 5. Two dimensional triangular mesh used for finite element modeling of flow of transport at Yucca Mountain.

volume, country rock properties) on hydrothermal and long-term
hydrologic processes. This modeling has three components:
parameter seasitivity analysis under simplified conditions,
simulation of processes at specific analog sites 10 improve our
interpeetations of observations, and simulations of subsurface
cffccts at Yucca Mountain. These processes are inherently three
dimensional and time dependent, and depend strongly on the
distribution of country rock properties such as permeability and
thermal conductivity. Therefore we have devoted most of our
modeling effort in the past year to developing methods of
capturing the complexities of real geologic settings.
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Figure 6. Representation of a three dimcensional mesh used for
modcling flow. transport, and hydrothcrmal processes at Yucca
Mountain. The mesh has been expanded vertically to show how
diffcrent suatigraphic units are represented.  This is a finilc
difference mesh (cach computational cell is a rectangular brick)
with a resolution of 75 m horizontally and 44 m vertically and
has atotal of 55,981 cells.

We are developing a software package, MESHGEN, to
build meshes for general problems, however, a preliminary three
dimensional data base of Yucca Mountain stratigraphy produced
by Sandia National Laboratory has been the main test data set
(Figures 5, 6). The strategy of MESHGEN is to produce three-
dimensional tetrahedral meshes (or triangles in two dimeasions)
which follow the gcometry of geologic formations. The user is
able to specify variables such as: (1) horizontal and vertical
resolution; (2) subsets of data to be extracted for detailed study
(c.g.. two dimensional cross sections or three dimensional
blocks); minimum thickness of stratigraphic units to be
represented in the computational mesh; and (4) unit conversion
(c.g., input in feet, output in meters). The final mesh produced is
a Deleany mesh, which ensures that computations with the finite
element code FEHMN will be accurate and stable. .

We are currently using MESHGEN to generate meshes
for flow and transport calculations for an area that completely
cncompasses the potential repository boundary. Once these
calculations have been completed to establish bascline or
ambient conditions, further calculations will investigate the
influence of possible magmatic heat sources on the generation of
hydrothermal flow in or near Yucca Mountain.

SUMMARY

We have briefly described recent progress in studics of
eruptive and subsurface elfects of magmatic activity, which will
form part of the information that will be used for risk
calculations and performance assessment. Eruptive effects
studies to date have focused on analog studies of xcnolith
distribution at basaltic ceaters of the Lucero volcanic field, New
Mexico, where well-characterized basement stratigraphy allows
depths of origin to be assigned to erupted lithic fragments.
Related field studies are constraining mechanisms by which
waste might be entrained into a feeder dike in the cvent of a
volcanic cruption at Yucca Mountzin, as well as variations in the
geometry of the volcanic plumbing with depth.  Subsurface
effects studies arc focused on a variety of issues including the
processes that produce sills, hydrothermal circulation, and long-
term hydrologic processes. As these studies proceed, we believe
that we will be able to place realistic constraints on the
consequences of magmatism at the potential Yucca Mountain
fepository.
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Abstract

Over 100 samples have been gathered from the Lathrop Wells volcanic
center to assess different models of basalt petrogenesis and constrain the
physical mechanisms of magma ascent in the Yucca Mountain region.
Samples have been analyzed for major and trace-element chemistry, Nd,
Sr and Pb isotopes, and mineral chemistry. All eruptive units contain
olivine phenocrysts, but only the oldest eruptive units contain plagioclase
phenocrysts. Compositions of minerals vary little between eruptive units.
Geochemical data show that most of the eruptive units at Lathrop Wells
defined by field criteria can be distinguished by major and trace-element
chemistry. Normative compositions of basalts at Lathrop Wells correlate
with stratigraphic position. The oldest basalts are primarily nepheline
normative and the youngest basalts are exclusively hypersthene normative,
indicating increasing silica saturation with time. Trace-element and major-
element variations among eruptive units are statistically significant and
support the conclusion that eruptive units at Lathrop Wells represent
separate and independent magma batches. This conclusion indicates that
magmas in the Yucca Mountzin region ascend at preferred eruption sites
rather than randomly. -

Introduction

The Lathrop Wells volcanic center is the youngest volcanic center in the Yucca
Mountain region and has been the primary focus of volcanism studies for the past several
years (Crowe et al., 1994). The possibility that the Lathrop Wells center is polycyclic (i.e.,
eruptive activity spanning >10,000 years and involving multiple, independent magma
batches) has required an unprecedented level of detail of field and geochronology studies,
as well as comprehensive sampling of multiple eruptive units to characterize the
geochemistry and assess alternative petrogenetic models (Study Plan 8.3.1.8.5.1,
Characterization of Volcanic Features). Approximately 140 geochemical samples have
been gathered from the major time-stratigraphic volcanic units of the Lathrop Wells
center; subsets of these samples have been analyzed for maj jor-elements, trace-elements
Sr, Nd and Pb isotopic ratios and mineral chemistry.

Geochemical data from Lathrop Wells were obtained for three purposes: (1) to
model the magmatxc evolution of the volcanic center in order to constrain the nature and
dynamics of magma generation and ascent in the Yucca Mountain region, (2) to aid in
interpreting the eruptive history of the volcano, primarily by geochemical correlation of
eruptive units, and (3) to correlate ashes found in trenched fault exposures near Yucca
Mountain with dated eruptive events at Lathrop Wells, thereby constraining the age and
timing of fault movement near Yucca Mountain.



The purpose of this report is to present in a single reference all geochemical data
obtained from the Lathrop Wells center to date and to describe the basic characteristics of
the data. Modeling of the geochemical.data to determine the origin of magmas and
magmatic evolution of the Lathrop Wells center will be completed in F Y96. Sampling,
analysis, and correlation of ashes from trenched fault exposures will be completed in
FY95.

Overview and Sémpling Strategy of the Lathrop Wells Volcanic Center

“The Lathrop Wells volcanic center is located approximately 20 km south of the
potential Yucca Mountain repository immediately north of interstate highway 95 (Fig. 1).
Field, geomorphic, geochronologic and trenching studies have led to the conclusion that
the Lathrop Wells center formed during four main eruptive episodes separated by
significant periods of inactivity (Fig. 2)- Field evidence of significant gaps in eruptive
activity between major eruptive episodes includes development of soil horizons, erosional
unconformities, and differences in the degree of geomorphic preservation of eruptive
features (Crowe et al., 1994). Each of the four major eruptive episodes at Lathrop Wells
is defined as & chronostratigraphic unit, and contains one or more eruptive units (&
volcanic deposit [lava flow or scoria fall] formed during a single time-synchronous
volcanic eruption).

Chronostratigraphic unit I is the oldest eruptive episode and includes four lava flows
(Ql1a-d) erupted from multiple, north to northwest-trending fissure zones marked by scoria
and spatter deposits (Fig. 2). Chronostratigraphic unit II consists of the largest volume lava
flow erupted at Lathrop Wells (Ql22) on the east side of the center, several minor flow lobes
on the northeast side of the center, and two sets of northwest trending scoria mounds. A
wide- and voluminous scoria-fall and pyroclastic deposit (Qs2fs) is interbedded with
the lava flows of chronostratigraphic unit I and is inferred to have erupted from a vent
concealed beneath the main cinder cone of chronostratigraphic unit II. The eruptive events
of chronostratigraphic unit III formed the main cinder cone (Qs3) on the west side of the -
center and & small-volume lava flow (QI3) erupted from & vent on the northeast side of the
center. Chronostratigraphic unit IV consists of three small-volume tephra units (Qs4a-c)
erupted from a group of inferred vents south of the main cinder cone which have
presumably been removed by commercial quarrying activity. '

The strategy for geochemical sampling at Lathrop Wells was developed to answer
the question of whether separate eruptive units defined by field geologic studies have
distinct geochemical compositions. If geochemical variations exist, petrologic modeling
can be used to infer the magmatic processes responsible for the variations, and thus
provide insight into the physical processes responsible for the formation of basaltic
volcanoes in the Yucca Mountain region. Because the range of geochemical variation at
Lathrop Wells was assumed to be small, an initial concern was whether internal
heterogeneity within individual eruptive units was greater than potential variations among
eruptive units. For this reason, several (generally 3-6) samples were taken from each



eruptive unit to establish the degree of internal geochemical variation, and to allow .
statistical comparison of eruptive units (Fig. 3).

Results

Geochemical data from the Lathrop Wells volcanic center was gathered as part of
Study Plan 8.3.1.8.5.1, Characterization of Volcanic Features. These data include whole-
rock major-element and trace-element data obtained by x-ray fluorescence (XRF), whole-
rock trace-element data obtained by instrumental neutron activation analysis (INAA) and
isotope dilution, whole-rock Nd, Sr and Pb isotopic analyses obtained by solid source
mass spectrometry, and mineral chemistry obtained by electron microprobe. In this
report, all analytical results presented in tables and graphs are grouped by
chronostratigraphic unit or eruptive unit.

Maior-l hemni

One hundred nineteen whole-rock samples from Lathrop Wells were analyzed for
major-element analyses at Los Alamos by XRF following the methods described in Los
Alamos Detailed Procedure LANL-EES-DP-111, R3 (Table 1). The range of major-
element variation among basalts from the Lathrop Wells center is not large. All are-
classified as alkali basalts in terms of total alkalis versus silica, using the classification of
Cox et al, 1979 (Fig. 4). '

"A commonly used indicator of the degres of major-element evolution of a basalt

Mg + Fe*
Mg and Fe are the cation abundance. Unfractionated, primitive basalts in equilibrium
with mantle olivine have Mg numbers in the range 68-72. Mg numbers of Lathrop Wells
basalt cluster tightly around a value of about 54 (Fig. 5), indicating significant
fractionation of either olivine or clinopyroxene prior to eruption (Crowe et al., 1994).

due to fractional crystallization is Mg number, defined as [(___M_g__) X 100] , Where

Normative compositions of Lathrop Wells basalt range from about 3 % normative
nepheline to 15% normative hypersthene (Table 1). The variations in normative
composition generally correlate with chronostratigraphic unit, with a trend of increasing
silica saturation with decreasing age (Fig. 6). Basalts of chronostratigraphic unit I are
primarily nepheline normative, basalts of chronostratigraphic unit II contain both
normative nepheline and hypersthene, basalts of chropostratigraphic unit III are primarily
hypersthene normative, and basalts of chronostratigraphic unit IV are exclusively
hypersthene normative with normative hypersthene contents as high as 15%.

Trace-element chemistry



Whole rock trace-elément analyses of V, Cr, Ni, Zn, Rb, Sr, Y, Zr, Nb and Ba
were performed at Los Alamos by XRF using the procedures described in LANL-EES-
DP-111, R3 (Table 1). Table 2 lists whole rock trace-element INAA analyses of Rb, Sc,
Co, Sr, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Taand Th for 99 samples analyzed at
Washington University, St. Louis, using procedures described in’Korotev (1987). For
each of three sample groups analyzed at Washington University, four blind replicate
samples were analyzed to monitor analytical precision (Table 3). The replicate analyses
indicate that all trace elements except Rb and Nd have analytical precision of <3%. Table
4 lists sixteen samples analyzed for Sm, Nd, Rb, Sr and Pb by isotope dilution at the
University of Colorado using procedures described in Farmer et al. (1991). Analytical
precision based on 6 replicate analyses is <1% for Sm, Nd, and Sr, and approximately 2%
and 3% for Rb and Pb, respectively (Table 5). o

Lathrop Wells basalts are notable in having high concentrations of trace clements
such as the rare earth elements, Sr, Ba and Th compared to typical alkali basalts,
combined with low concentrations of Rb (Vaniman et al., 1982). While part of the trace-

. element enrichment may be due to fractionation processes, an unusual trace-element
enriched lithospheric mantle source is probably the primary cause (Vaniman et al., 1982;
Farmer et al., 1989). o . .

Isotope chemistry

Isotopic compositions of Nd, Sr and Pb for 16 Lathrop Wells basalts (T able 4)
were analyzed at the University of Colorado using methods described in Farmer et al,
(1991). Analytical precision based on 6 replicate analyses is 0.001% for '“Na/'“Nd,

0.002% for *'St/*Sr, 0.114% for 2°*Pb/2*Pb, 0.085% for *”’Pb/***Pb and 0.058% for
206pp2%pp (Table 5).

The total range in Nd and Sr isotopic compositions at Lathrop Wells is fairly

small with €y, vaiues ranging from -9.7 to -10.3 and *’Sr/**Sr ranging from about 0.7070

to 0.7071 (Fig. 7). As a group, samples of chronostratigraphic unit I have slightly higher
478¢/*5Sr (mean=0.707054, n=5) than samples of chronostratigraphic unit Il
(mean=0.0707016, n=7). This difference is statistically significant at the 95% confidence
level using the two-tailed 7 test. The Sr and Nd isotopic compositions of Lathrop Wells
basalts are highly unusual for continental alkali basalts of the western U.S. and indicate
derivation from a trace-element enriched lithospheric mantle source (Farmer et al., 1989).

Basalts of Lathrop Wells are sparsely porphyritic with phcﬁocrysm of olivine and
plagioclase in a fine-grained groundmass of plagioclase, olivine, titanomagnetite and

clinopyroxene. The percentage of olivine phenocrysts is fairly constant at 1-4% for
basalts of most eruptive units (Fig. 8). Plagioclase phenocrysts and microphenocrysts are
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most abundant in eruptive units of chronostratigraphic unit 1. Plagioclase phenocrysts are
largely absent in basalts of chronostratigraphic unit II, I and IV (Fig. 8).

~ Mineral chemistry was obtained by electron microprobe using methods described
in Los Alamos Detailed Procedure LANL-EES-DP-131, R0. Mineral chemistry does not
vary significantly by eruptive unit. The maximum forsterite content of analyzed olivine
phenocrysts from all eruptive units is 78+1% (Figs. 9-16). In every case, olivine from
lava flows is more zoned (Figs. 9-11, 13) than olivine from tephra units (Figs. 12, 14-1 6),
probably because tephra was quickly quenched upon eruption, while lava flows cooled
more slowly, allowing continued crystal growth after eruption. Olivine from tephra units
show very limited zoning (<2% forsterite content) and also in some cases display slight
reverse zoning (e.g., Fig. 14). Compositions of olivine are listed in Tables 6-13.

Plagioclase phenocrysts occur in units QI1b, QlIc, and Ql1d of
chronostratigraphic unit I. The phenocrysts are moderately zoned labradorite with An
contents ranging from about An 69 to An 60 (Figs. 17-18). Compositions of groundmass
plagioclase in lavas of chronostratigraphic unit I (Ql1d and Ql1b) extend to significantly
more sodic compositions (Figs. 19-20), while compositions of groundmass plagioclase in
lavas of chronostratigraphic unit IT and III (QI2a and QI3) include compositions as calcic
as phenocrysts in lavas of chronostratigraphic unit I (Figs. 21-22). Compositions of
plagioclase are listed in Tables 14-17.

Clinopyroxene occurs as a groundmass phase in all of the lava units at Lathrop
Wells. We analyzed groundmass clinopyroxene from eruptive units Ql1d and Ql2a.
Clinopyroxenes from unit Ql1d have higher MgO and less TiO; than clinopyroxene from
QI2a (Figs. 23-24, Tables 18-19).

Magnetite occurs as inclusions in olivine and in the groundmass of all eruptive
units. Magnetites are titaniferous (7-22% TiO,) and magnetite inclusions in olivine
generally have higher Cr concentrations that magnetite from the groundmass (Tables 20-
23).

Geochemistry of Eruptive Units

To illustrate the range of compositional variations within eruptive units and
differences between eruptive units, we have created normalized line plots of compositions
of individual samples grouped by eruptive unit (Figs. 25-36). All of the major and trace
elements so plotted are incompatible during fractionation of olivine, the major phenocryst
phase in these rocks. Sample compositions were normalized to the average Lathrop Wells

_ composition using a combination of XRF and INAA data (n=99). This approach
emphasizes similarities and differences between samples at Lathrop Wells and allows
direct inspection of percent differences between samples. In general, individual eruptive
units are geochemically homogeneous and show a limited range of geochemical variation
(e.g., Figs. 25-28, 32-33, 35-36). The voluminous lava flow and tephra fall deposit of
chronostratigraphic unit II appear to have the most internal heterogeneity (Figs. 30-31).



Averaged compositions of the major eruptive units grouped by -
chronostratigraphic unit are illustrated in Figs. 37-40. In general, individual eruptive units
within each of the four chronostratigraphic units share similar geochemical
characteristics. All of the eruptive units within chronostratigraphic unit I show similar
geochemical patterns that include relatively low concentrations of Th and La, and
relatively high concentrations of K, Sr, P, Sm, Eu and Ti compared to the Lathrop Wells
compositional mean (Fig. 37). Eruptive units within chronostratigraphic unit II are
- characterized by a lack of significant variation from the mean Lathrop Wells composition
(Fig. 38). The two eruptive units of chronostratigraphic unit III are geochemically similar
and are marked by high concentrations of Th and low concentrations of Sr, P, Sm, Euand’
Ti (Fig. 39). The three eruptive units of chronostratigraphic unit IV are geochemically
diverse. Eruptive unit Qs4b is distinguished from all other eruptive units at Lathrop Wells
by having the highest concentrations of Th and Rb (Rb not plotted, see Tables 1 and 2),
and the lowest concentrations of Sr and Ti (Fig. 40). Eruptive unit Qs4c is characterized
by generally low concentrations of all incompatible elements (Fig. 40). The geochemical
 differences between eruptive units should permit correlation of ashes in trenched fault
exposures near Yucca Mountain to individual eruptive units at Lathrop Wells.

Isotope dilution is a high-precision method of determining trace-element. .
concentrations (Table 5) and offers an independent method of assessing geochemical -
differences between eruptive units. The isotope dilution data are compatible with the
INAA data discussed above and show that most eruptive units are geochemically distinct,
with eruptive units of chronostratigraphic unit I having the highest concentrations of Sr
and the middle rare-earth elements (Nd and Sm), and unit Ql4c having the lowest
concentrations of Sr, Nd and Sm (Figs. 41-42).

At what level are differences in the mean compositions of different eruptive units
statistically significant? As an example, we consider eruptive units Qlla and Ql1d,
adjacent lava flows which show moderate (1-8%) differences in average elemental
concentrations (Fig. 43). To test for the statistical significance of these differences, we
use the two-tailed ¢ test, which calculates the probability that two sample means are equal.
Probabilities of < 0.05 indicate that two sample means represent different populations at
the 95% confidence level. In the case of Ql1d and Qlla, the average concentrations of
Ba, Th, K, Ce, Sr and Eu can be distinguished at the 95% confidence level (Fig 43).
From these results, we conclude that differences in average elemental concentrations as
small as 1-2% are statistically significant for elements with the highest analytical
precision (e.g., Ce, Table 3) and are almost always significant for average differences of
>3-4%. Differences in average elemental concentrations between eruptive units of
different chronostratigraphic units are commonly 5-10% and are >35% in the case of Th
(Figs. 37-40). ,

The capability of geochemically discriminating eruptive units at Lathrop Wells
provides a useful tool for constraining the eruptive history of the center and to tie the
eruptive history to tectonic studies of the Yucca Mountain region. For example, the most
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voluminous tephra and pyroclastic surge deposit at Lathrop Wells (Qs2fs) was assumed,
by analogy to other basalt centers, to be part of the eruptions which formed the main
cinder cone of chronostratigraphic unit III (Figure 2). Because of its volume and
widespread distribution, ash of unit Qs2s is most likely the dominant ash found in fault
exposures near Yucca Mountain. Geochemical differences between eruptive units Qs2fs
and Qs3 indicate that the two eruptive units are not the same (Fig. 44). This observation,
combined with stratigraphic and geomorphic evidence, led to the assignment of unit
Qs2fs to chronostratigraphic unit IT (Crowe et al., 1994). This interpretation places the
inferred correspondence of volcanic and tectonic activity recorded by ashes in fault
fissures farther in the geologic past. The ability to discriminate eruptive units at Lathrop
Wells will provide the primary basis for correlating basaltic ashes in trenched fault
exposures near Yucca Mountain to dated eruptive units at Lathrop Wells.

The earliest evidence that the Lathrop Wells volcanic center is polycyclic was the
recognition of a soil horizon between tephra unit Qs4b and underlying tephra of Qs3, the
deposits of the main scoria cone (Wells et al., 1988). The soil was interpreted to represent
a hiatus between eruptions at Lathrop Wells of at least several thousand years. An
alternative interpretation was that tephra Qs4b is reworked tephra from the slope of the
main cinder cone, an interpretation which does not require a polycyclic history of the
center (Turrin et al., 1992). Geochemical differences between Qs3 and Ql4b confirm
that QI4b cannot be reworked tephra from Qs3 (F ig. 45). Its unique geochemical
composition compared to all other Lathrop Wells eruptive units, combined with a
thermoluminescence date of ~ 4 ka on the underlying soil, indicate that it represents a
distinct eruptive episode and supports the conclusion that the Lathrop Wells center is
polycyclic with eruptions that extended into the Holocene (Crowe et al., 1994).

A final example of how geochemical correlation can provide evidence of
polycyclic activity is the relationship between vent conduits and overlying tephra in the
southeast quarry area. The tephra overlying these conduits was assumed to be related to
the conduits on the basis of field mapping. Geochemical data show that the vent conduits
are geochemically similar to lavas of chronostratigraphic unit I and are in the appropriate
location for vents of the southern flows of chronostratigraphic unit I (Fig. 2). The
overlying tephra unit, however, is geochemically distinct from the vent conduits and most
similar to tephra of Qs2fs (Fig. 46). The vent conduits were significantly stripped and
eroded before emplacement of the overlying, geochemically distinct tephra, signifying a
significant period of geologic time between the emplacement of the conduits and the
overlying tephra.

In detail, geochemical differences between eruptive units at Lathrop Wells cannot
be accounted for by simple fractional crystallization of a single magma batch (Crowe et
al., 1994). For instance, variations of Th/K at the same Mg number for the major eruptive
units of chronostratigraphic unit I, II, and III indicate at least 4 separate magma batches.
(Fig. 47). Preliminary modeling of more complex magmatic processes including magma
recharge also indicate the existence of distinct magma batches.



Implications for Volecanic Risk Assessment

Field, geomorphic and geochemical evidence indicate a complex and extended
eruptive history at Lathrop Wells involving multiple magma batches and several eruptive
episodes that were separated by significant periods of inactivity. The eruption of several
independent magma batches at a single location in the Yucca Mountain region suggests
that eruptions in the region will not occur at random locations in the near future (1 0‘10°
years), but probably near the site of previous eruptions at Lathrop Wells. If this
- conclusion of preferred eruption sites is correct, the calculated probability of magma
ascending at the potential Yucca Mountain repository during the next 10,000 years is-
lower than that calculated for models which assume random sites of future eruptions.
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Figure Captions

Figure 1. Location of Lathrop Wells in relation to the potential Yucca Mountain
repository. From oldest to youngest, basaltic volcanic centers are Thirsty Mesa
(TM), Buckboard Mesa (BB), Amargosa Valley (AV), Crater Flat (CF),
Sleeping Butte (SB) and Lathrop Wells (LW).

Figure 2. Geologic map of the Lathrop Wells volcanic center.
Figure 3. Geochemistry sample locations at the Lathrop Wells volcanic center.

Figure 4. Alkalis versus silica for basalts of Lathrop Wells. All of the basalts of Lathrop
Wells are classified as alkaline basalt according to the classification scheme of
Cox et al. (1979). :

Figure 5. Histogram of Mg numbers for basalts of Lathrop Wells.

Figure 6. Normative compositions of Lathrop Wells basalts grouped by
chronostratigraphic unit (Fig. 2) plotted within ternary fields bounded by Ne-Ol-
Di-Hy. :

Figure 7. gyq versus 8751/*Sr for eruptive units of the Lathrop Wells volcanic center.

Figure 8. Percent olivine and plagioclase phenocrysts and microphenocrysts determined
by point counting for representative samples of eruptive units from the Lathrop
Wells volcanic center. Samples counted from each eruptive unit are LW20FVP
from Ql1d, LW73FVP from Ql1b, LW11FVP from Qlla, LWA40FVP from QI2a2,
LW97FVP from Qs2fs, LW61FVP from QI3, LWS0FVP from Qs3, LW78FVP
from Qs4b and LW151 from Qs4a. .

10



Figure 9. Forsterite content of olivine phenocrysts from LW21FVP of Ql1d determined
by rim to rim microprobe traverses. ' :

Figure 10. Forsterite content of olivine l;genocrysts from LW73FVP of Ql1b determined -
by rim to rim microprobe traverses. o

Figure 11. bForstcritc content of olivine phenocrysts from LW40F VP of Q122 determined
by rim to rim microprobe traverses.

Figure 12. Forsterite content of olivine phenocrysts from LW135FVP of Qs2fs
determined by rim to rim microprobe traverses. ‘ _

Figure 13. Forsterite content of olivine phenocrysts from LW61FVP of QI3 determined
by rim to rim microprobe traverses. ‘

Figure 14. Forsterite content of olivine phenocrysts from LW8OFVP of Qs3 determined
by rim to rim microprobe traverses.

Figure 15. Forsterite content of olivine phenocrysts from LW78FVP of Qs4b determined
by rim to rim microprobe traverses. ' '

Figure 16. Forsterite content of olivine phcﬁbcrysts from LW151FVP of Qs4a determined
by rim to rim microprobe traverses.
Figure 17. Anorthite content of plagioclase phenocrysts from LW21FVP of Ql1d

determined by rim to rim microprobe traverses.

Figure 18. Anorthite content of plagioclase phenocrysts from LW73FVP of Ql1b
determined by rim to rim microprobe traverses. P

Figure 19. Feldspar compositions from LW21FVP of Ql1d plotted within the ternary
field Or-Ab-An. Open squares are compositions of phenocryst interiors, open
circles are compositions of phenocryst rims and groundmass crystals.

Figure 20. Feldspar compositions from LW73FVP of Qli1b Vplotted within the ternary
field Or-Ab-An. Open squares are compositions of phenocryst interiors, open
circles are compositions of phenocryst rims and groundmass crystals. ‘

Figure 21. Feldspar compositions from LW40FVP of Ql2a plotted within the ternary field
Or-Ab-An. Open circles are compositions of groundmass crystals.

Figure 22. Feldspar compositions from LW61FVP of QI3 plotted within the temary field
Or-Ab-An. Open circles are compositions of groundmass crystals.
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Figure 23. Pyroxene compositions from LW21FVP of Ql1d plotted within the ternary
field Wo-En-Fs. Filled circles are compositions of groundmass crystals.

Figure 24. Pyroxene compositions fronr L. W40FVP of Ql2a plotted within the ternary
field Wo-En-Fs. Filled circles are compositions of groundmass crystals.

Figure 25. Line plot of incompatible element concentrations for samples of eruptive unit
Ql1a normalized to the average concentration of each element for all analyzed
Lathrop Wells samples (n0=99). Normalizing values are Ba=1361.96 parts per
million (ppm), Th=6.867 ppm, K=15,249.49 ppm, Ta=1.378 ppm, La=93.353
ppm, Ce=181.668 ppm, Sr=1469.56 ppm, P=5298.62 ppm, Sm=12.239 ppm,
Eu=3.149 ppm, Zr=370.652 ppm, Hf=7.219 ppm, Ti=11,522.39 ppm, Tb=1.135
ppm, Yb=2.369 ppm, Lu=.344 ppm. Ba, K, Sr, P, Zr and Ti were determined by
XREF; all other elements determined by INAA.

Figure 26. Line plot of incompatible element concentrations for samples of eruptive unit
Ql1b normalized to the average concentration of each element for all analyzed
Lathrop Wells samples (n=99).

Figure 27. Line plot of incompatible element concentrations for sémples of eruptive unit
Ql1c normalized to the average concentration of each element for all analyzed
Lathrop Wells samples (n=99).

Figure 28. Line plot of incompatible element concentrations for samples of eruptive unit
Ql1d normalized to the average concentration of each element for all analyzed
Lathrop Wells samples (n=99).

Figure 29. Line plot of incompatible element concentrations for samples of eruptive unit
Qslu normalized to the average concentration of each element for all analyzed
Lathrop Wells samples (n=99). Qslu represents all analyzed vents of
chronostratigraphic unit I.

Figure 30. Line plot of incompatible element concentrations for samples of eruptive unit
QI2a normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99).

Figure 31. Line plot of incompatible element concentrations for samples of eruptive unit
Qs2fs normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99).

Figure 32. Line plot of incompatible element concentrations for samples of eruptive unit
QI3 normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99).
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Figure 33. Line plot of incompatible element concentrations for samples of eruptive unit
Qs3 normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99)...

Figure 34. Line plot of incompatible element concenu'atioris for samples of eruptive unit
Qs4a normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99).

Figure 35. Line plot of incompatible element concentrations for samples of eruptive unit
Qs4b normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99).

Figure 36. Line plot of incompatible element concentrations for samples of eruptive unit
Qs4c normalized to the average concentration of each element for all analyzed

Lathrop Wells samples (n=99).

Figure 37. Line plot of average compositions of eruptive units from chronostratigraphic
unit I

Figure 38. Line plot of average compositions of eruptive units from chronostratigraphic .
unit IL.

Figure 39. Line plot of average compositions of eruptive units from chronostratigraphic
unit II.

Figure 40. Line plot of averagé compositions of eruptive units from chronostratigraphic
unit IV. : .

Figure 41. Rb versus Nd (ppm) for eruptive units of the Lathrop Wells volcanic center.
Figure 42. Sr versus Sm (ppm) for eruptive units of the Lathrop Wells volcanic center.

Figure 43. Line plot comparing average compositions of eruptive units Qllz and Ql1d.
Values below each element are the probability that the sample means of each
element represent the same populations using the two-tailed 7 test. Values in
bold indicate elements with statistically significant (95% confidence level)
differences in average composition (also indicated by data points enclosed in

rectangles).

Figure 44. Line plot comparing average compositions of eruptive units Qs3 and Qs2fs.
Average concentrations of Th and Ti for the two units are statistically different
at the 95% confidence level using the two-tailed £ test.

Figure 45. Line plot comparing average compositions of eruptive units Qs3 and Qs4b.
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Figure 46. Line plot comparing samples from Qs1 vent conduits (dashed lines) and
samples of oxidized scoria that are probably part of scoria fall sheet Qs2fs (solid
lines).

Figure 47. Mg number versus Th/K for selected eruptive units of the Lathrop Wells
volcanic center. Arrow represents the qualitative change in Mg number and
Th/K for 2 magma undergoing fractional crystallization of olivine,
clinopyroxene, or plagioclase. Different Th/K values of eruptive units indicate
that the units are not derived from a single magma undergoing fractional
crystallization.
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

Sample LWIIFVP LWI2FVP LWIAFVP LWASFVP LWRFVP LW73FVP LWIOOFVP LWI20FVP LWI2IFVP LWIOIFVP LW3OFVP LW3IFVP LW32FVP LW63FVP

Unit Qlla Qita Qta Qib Qb Qib Qb Qlib Qb Qstb Qllc Q¢ Qlic Qlic

SI0, 4859 4863 4849 410 4799 847 . 48SS 4825 4862 48.94 4155 1Y) 4825 4831
To, . 198 197 2.01 2.02 199 202 - 202 2.04 2.01 2.01 1.29 1.93 196 192
ALO, 16.20 16.95 16.64 1645 16.60 16N 16.61 1687 16.74 16.19 16.26 16.74 16.79 16.65
Fe,0,T 1.78 .82 1nn 1o 1180 1085 11.88 11.95 11.20 1188 1136 11.58 11.70 11.56
Fe,0, oam LM 1.76 .79 k7] 178 1.78 1.79 77 1 1.70 174 175 L7
FeO 9.01 9.04 897 on 9.03 9.07 9.09 9.14 9.03 9.09 8.69 886 895 8.84
MrO  OI8 0.17 0.17. 018 ox7 0.18 0.18 0.18 018 0a8 0.17 017 0.17 0.18
MO 589 593 593 581 5n 588 . 580 580 588 5.1 5.84 .82 518 592
C20 829 841 8.55 8.42 8.66 848 8.68 8.46 8.59 8.43 936 8.54 8.50 845
Ns,0 3.57 348 3.66 368 357 3.8 3.59 3.61 35 - 359 344 358 3.53 3.60
K,0 192 1.93 1.89 1.8 188 124 191 190 126 191 1.83 126 184 181
P,0, 1.24 1.2 121 1.26 125 1.26 1.24 127 126 125 © 19 121 124 123
Total 10024 10056 10027 9940 9952 10027 100.46 10031 100.53 100.75 9887 10024 99.73 99.61
Mg#  S382 53900 5408 - 5319 5303 5360 5323 5305 837 53.10 5448 5392 $3.40 ‘ 5438
v 179.1 179.5 1759 192.1 180 1269 1906 1647 2035 1838 ' 1684 120.5 183.7 17179
[ 112.8 150 1194 1087 1064 1010 © 1066 1229 1210 1232 1137 1422 110.0 1310
N 600 60.7 574 01 - 5 622 $6.5 59.0 563 55.0 S48 . 640 $7.4 572
Zn 1289 149 1383 139.5 1336 84.1 1432 145.7 1438 1408 1269 1274 121.7 131.0
Rb 194 199 152 19.8 197 153 187 172 4.1 198 197 183 14.6 19.1
Sr 1490 1488 1492 1530 1578 1536 1541 1540 1521 1519 1453 1467 1497 1466
Y 219 208 360 210 22 24.6 214 309 2.8 299 299 192 28.0 210
Zr M8 3662 M2 s 3540 3824 3744 3260 370.7 368.0 366.3 3 367.0 3702
Nb 308 27.1 306 29.7 272 376 344 25 324 356 30.1 M3 310 30.1
Ba 1313 1391 1464 1424 1354 1428 1249 1280 1309 1312 1337 1389 1438 1412
or N3 N4 117 .13 113 10.90 11.30 11.22 1099 1127 10.80 1099 1089 10.68
Ab 2965 2936 2845 797 2757 . 2037 2845 28.53 2921 30.15 2516 2986 29.17 29.34
An 2426 2502 2352 2306 23.84 24.17 23.61 2432 24.18 24.16 2361 2424 24.65 24.03
Ne . 029 0.07 138 157 140 0.52 1.04 1.10 0.63 0.13 218 021 0.36 062
D 794 2.76 9718 . 937 9.7 875 - 1002 8.43 0.8 8.55 13.10° o1 8.49 8.84
iy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ol 1681 1699 1641 - 1623 15.26 1651 . 1596 16.56 16.35 1645 14.55 16.12 1631 16.39
Mt 2.56 2.57 2.58 2.59 257 258 258 2.60 2.57 2.58 247 2.52 2.54 2.51
n 3.76 375 X7 I ¥ amn 384 3.83 3.8 n st 3.59 3.66 R 3.64
Ap 297 3.00 291 302 299 3.01 298 3.04 301 2.99 2.84 291 2.97 2.94

FeO, Fe,0 and Mg¥ calculsted assuming Fe''/Fetotsl = 0,135, K;O values in parentheses are from oxidized scoria that has probably been affected by alteration. :
Analytical encertainties (2 sigma) are 1% for C20, 2% for Ti0,, ALO,, Fe,0y, M20, K0, P,04 and Sr, 3% for Si0, and Na,0, 4% for Ba, 8% for MO and Zr, 10% for Cr and Zn, 13% for V, 20% for Ni, Rb, Y snd Nb.
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

LW64FVP LWGSFVP LWG66FVP LW6IFVP LWIIOFVP LWIISFVP LW9IFVP LWI09FVP LW20FVP LW2IFVP LW22FVP LW23FVP LWI9FVP LWOIFVP LW71FVP

Qilc Qllc Qlle Qile Qlic Qile Qsle Qsle Qlid Qld Qid Qiid Qsld Qsir Qslir

48.24 48.57 4855 48.56 49.67 49.46 49.03 48.70 4858 465 4743 4174 48.41 48.66 48.45
193 197 192 1.92 197 1.95 197 1.92 2.04 1.98 2.06 203 2.04 197 2.04
16.76 16.94 16.98 16.64 17.03 17.16 16.93 16.60 16.69 16.06 16.60 16.39 1612 16.77 16.77
11.52 11.66 1.53 11.65 k] 1.7 11.68 11.55 12.02 11.88 12.15 12.02 12.12 11.78 11.94
173 175 1.3 175 176 1.76 1.75 1.73 1.80 1.78 1.82 1.80 1.82 .77 1.29
8.81 8.92 8.82 891 89 8.96 8.94 8.84 9.20 9.09 9.30 9.20 9.27 9.01 9.14
0.17 017 0.17 0.17 0.17 0.17 0.17 0.17 0.18 0.18 0.18 017 0.17 0.17 0.17
5.84 519 5.78 6.00 592 5.99 5.94 5.82 6.03 5.83 6.13 598 5.99 5.84 5.81
8.54 831 8.51 8.41 842 - 840 8.34 . 8.50 8.53 9.12 8.40 8.61 8.28 8.4l 8.36
- 351 361 3.62 3.63 3.0 3.64 3.59 an 3.61 3.51 3.55 3.58 3.50 3.5 3.68
1.85 187 1.84 1.85 1.85 1.86 1.87 1.99 1.88 1.82 1.80 1.85 1.87 1.84 1.93
1.20 125 1.22 122 122 121 122 118 1.29 1.26 131 124 130 124 126
99.56 10013 10042 10006 10165 10155 100.73 100.14 10085  98.15 99.60 99.61 10039 10020  100.40
54.16 53.63 53.86 54.54 54.09 54.36 54.22 53.98 $390 534 54.04 53.68 §3.50 53.60 53.13
183.5 178.2 1784 118 152.1 193.7 173.7 180.9 173.1 180.6 184.6 1859 176.7 126 184.2
1249 1093 103.3 124.7 1217 120.6 119.3 1139 103.8 119.6 106.2 1093 1234 1158 1136
54.9 54.8 51.6 59.8 522 415 512 58.6 61.5 613 61.7 66.9 66.2 523 59.5
128.5 1372 131.0 134.9 131.1 1318 142.9 137.8 1326 1305 1233 135.8 1342 133.8 135.0
18.7 162 19.4 173 208 19.1 189 18.7 145 18.6 14.0 144 184 17.1 17.0
1480 1500 1485 1460 1470 1483 1471 1470 1552 1533 1556 1547 1532 1516 1577
286 313 286 306 306 316 25.6 252 314 299 235 26.1 27.5 25.9 29.4
N6 369.2 362.0 366.3 3688 375 3759 3764 3818 3672 381.8 3794 367.6 3814 365.8
210 293 366 352 316 324 344 353 26.6 274 294 336 26.0 k7R | 284
1370 1375 1368 1440 1341 1338 1325 1289 1326 1318 1315 1280 1354 1428 1306
10.95 11.03 10.88 10.93 10.96 11.02 11.04 1.7 110 1073 10.64 1093 11.06 10.86 11.40
28.78 30.04 29.34 2939 3128 3081 . 3037 2822 2893 2382 27.58 2115 29.59 29.88 28.84
24.61 24.63 2475 377 24.50 25.08 24.68 2283 2389 2281 24.15 23.28 24.51 24.59 23.63
0.50 026 0.7 0.70 000 . 000 0.00 175 0.88 317 1.32 171 0.00 0.00 126
8.87 7.66 8.55 895 837 1.89 7.89 10.30 8.99 1247 8.13 10.10 1.38 8.20 8.67
0.00 0.00 0.00 0.00 0.21 0.07 0.41 0.00 0.00 0.00 0.00 0.00 0.55 0.58 0.00
16.20 16.61 1622 16.58 16.50 1691 16.52 15.68 16.84 15.16 17.43 16.36 17.04 16.21 16.48
2.51 2.54 2.51 2.53 255 2.55 2.54 . 2.51 2.61 2.58 2.64 2.61 264 2.56 2.60
3.66 375 3.65 3.65 n 3.70 274 3.65 3.88 3 391 3.86 387 374 387
2.88 3.00 2.92 2.93 2.92 2.90 2.92 282 . 3.09 3.00 3.13 2.96 3.12 2.96 3.01
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Table 1. Major, trace-element (determined by XRT) and normative compositions of Lathrop Wells basalts

LWSIFVP LWII2FVP LWOSFVPA LWOIFVP LWIOFVPA LW3IFVP LW3I4FVP LWISFVP LWA2FVP LWAIFVP LWAGFVP LWATFVP LWAFVP LWSOFVP LWSIFVP

Qitn Qlle Qslu Qslu Qslu Qslu Qslu Qslo Qslu Qslu Qslu Qslu Qslu Qslu  Qslu

48.12 49.51 43.78 4827 4342 4895 48.80 48.80 46.60 4152 4832 48.60 48.56 48.50 4371
2.4 202 200 197 198 1.95 1.94 1.94 1.96 2.0¢ 1.96 1.96 1.97 195 1.97
16.80 16.84 16.65 16.57 16.52 17.10 16.90 1693 16.09 16.24 16.80 16.75 16.68 16.62 16.87
11.99 1143 1130 11.67 11.68 11.69 11.73 1.64 11.53 11.88 11.67 1172 1174 11.58 11.58
1.80 m L7 1.75 175 175 1.76 1L75 1.7 1.78 1.78 1.76 176 1.74 1.4
217 8.4 9.03 393 89 8.94 397 891 8.82 92.09 893 897 898 8.86 8.26
0.18 0.19 0.17 617 0.18 0.17 0.18 0.18 0.17 0.17 0.17 0.17 0.1?7 0.17 0.17
598 6.01 519 5.86 : 5.8 .86 598 518 551 5.76 5.82 591 596 587 586
846 836 8.66 8.58 8.69 837 829 845 8.56 829 841 837 839 829 8.36.
n 325 3.58 356 348 3.65 318 359 163 362 352 3.52 348 1354 359
1.81 1.67 1.86 188 1.89 1.36 1.86 1.29 .22 1.86 1.90 1.87 L83 1.85 1.89
1.27 1.24 1.23 1.26 1.25 125 1.24 1.24 1.23 1.23 121 1.23 1.2 1.20 1.22
100.37 100.51 100.52 99.78 99.76 100.85 100.49 100.43 - 91.09 98.59 9.717 100.10 100.04 99.56 100.22
5378 . 55.06 5334 5391 53.09 5385 54.30 53.65 52.69 53.04 33.76 54.00 54.18 4.3 54.09
182.7 208.9 184.6 1719.6 1770 185.7 128.0 185.0 176.9 174.0 1674 190.1 1803 179.4 13
1106 121 121.5 11 116.2 1203 132.0 1213 107.3 989 115.6 1239 113.4 120.1 1186
69.1 563 58.9 570 513 530 548 526 538 54.1 538 56.0 622 56.7 572
1130 1579 1424 136.0 142.1 120.6 1221 125.7 1489 1395 136.2 102.6 1411 1371 1297
144 o 19.5 189 181 124 16.8 19.5 138 172 175 174 18.6 18.0 210
1572 1550 1525 1522 1541 1455 1460 1481 1510 1509 1470 1435 1478 1474 1502
259 24.1 269 356 272 3.2 256 228 24 248 298 290 228 16.5 26.5
364.7 3869 3634 3220 3699 365.7 360.7 365.8 N3 3874 919 370.0 mnas 3699 35717
303 342 297 217 2 28.5 30.5 378 280 232 " 332 30.6 23 Jos KX K
1399 1326 1292 1378 12mn 1391 1401 1378 1353 1354 1418 1408 1411 1444 1396
10.72 9.89 11.00 1111 11.16 1097 . 1100 1118 10.76 11.02 1n2 11.05 110 10.94 11.20
2.2 2746 29.40 28.60 29.07 3031 3030 29.87 26.13 28.07 29.03 29.79 29.48 29.91 2983
23.90 26.56 239 - 2381 23.96 24.88 24.65 24.61 2235 22.68 24.56 2449 24.44 24.12 2443
-1.76 0.00 0.49 0.20 0.22 033 0.01 0.26 2.46 1.36 0.40 0.00 0.00 0.00 0.30
883 638 21 945 . 994 172 7.64 829 10.69 9.33 833 8.16 8.32 824 821
0.00 11.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.19 0.41 0.50 0.00
16.79 3.63 1597 16.12 15.68 16.17 17.09 16.41 1492 16.12 16.46 16.58 1647 16.12 16.47
261 248 257 2.54 2.54 2.54 2.55 253 2.51 2.58 2.54 258 255 2.52 252
38 383 379 n 3.76 in 3.67 3.68 in i in 3 n n i
3.04 2.96 2.95 301 1.00 299 2.97 2.97 2.95 2.95 2.90 2.95 2.92 2.839 292
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

LWS2FVP  LW9SFVP LW99FVP LWI03FVP LWII3FVP LWII6FVP LWIIIFVP LWOSFVP LWOTFVP LW40FVP LW4IFVP LWSSFVP LWSGFVP LWISFVP LW2SFVP

Qslu Qslu Qslu Qslu Qslu Qslu Qslu Ql2a Ql2a Qi2a Qi2a Ql2a Qi2a Qi2a QRb

48.60 48.94 48.89 48.91 49.02 4837 4192 48.58 48.89 49.74 48.78 48.71 4830 48.96 4826
1.95 197 199 197 2.0 1.98 197 1.90 1.89 1.89 1.89 184 1.90 1.86 1.93
16.75 16.84 1692 16.60 16.96 16.81 16.49 1692 17.10 17.06 16.87 16.76 16.65 16.69 16.96
1.73 1.75 1181 11.84 11.88 11.81 11.57 1145 11.50 1138 11.48 11.43 11.56 11.40 11.90
176 1.76 171 178 178 1.7 1.74 L2 112 L7 1.72 ]| 1.3 L7 1.78
897 8.99 9.04 9.06 9.09 9.04 8.85 8.6 8.80 8.7 8.78 8.74 8.84 8.72 9.10
017 0.17 017 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 017 0.17 0.18 0.18
591 578 594 593 587 5.75 5.69 5.86 5.76 5.50 5.75 5.19 5.88 579 5.8)
831 8.47 8.66 8.29 8.32 8.28 9,11 8.50 8.55 8.74 848 8.66 8.1 8.61 8.8
3.51 3.7 3.52 344 3.60 3.78 337 1.52 3.44 3.61 3.56 338 352 343 3.54
1.94 1.92 1.89 1.94 1.90 2.12) .77 1.78 1.83 1.87 1.82 1.86 1.84 1719 1.86
122 1.23 1.25 122 1.23 125 121 121 123 121 123 1.20 118 125 123
10009 10063  101.05 10031 10096 10031 99.26 9990 10036 10018  100.03 99.80 9.7 99.94 100.03
§3.98 §3.39 53.96 53.83 53.53 53.14 5338 5437 53.86 52.97 53.85 54.13 54.24 54.18 53.19
186.3 193.1 177 173.1 1603 170.8 1123 1811 168.9 1792 1842 1771 1739 176.% 1753
1369 102.6 1215 109.8 1238 119.7 150.6 128.7 109.1 933 106.4 128 1108 99.5 1164
592 5.1 58.5 57.5 543 525 552 518 50.1 405 484 46.6 54.0 56.5 633
130.6 138.7 1472 1380 1304 132.6 138.5 1242 1283 1416 1334 1289 126.0 127.0 127.3
17.1 19.4 179 20.5 172 18.7 15.8 172 17.8 19.6 172 229 18.6 18.7 183
1481 1512 1514 1498 1523 1529 1530 1418 1444 1451 1447 1438 1449 1451 1456
38 208 354 27.1 215 28.5 356 25.0 4.1 27 300 271 2.1 4.7 324
313.0 376.6 3847 3176 391.0 369.4 3735 375.1 362.9 3677 3743 3663 361.6 3824 3787
280 324 326 26.1 313 33.0 302 256 294 k1K 256 272 286 30.8 394
1464 1290 1317 1328 1318 1248 1256 1384 1413 1359 1374 1374 1407 1393 1450
1146 11.36 119 11.46 125 (12.9) 10.47 10.52 10.83 11.07 10.74 11.0t 10.90 10.57 10.97
29.58 29.90 2921 29.12 3036  (2127) 27.62 29.80 29,06 30.53 30.10 28.62 2198 28.99 29.07
2434 2437 2487 24.23 46 (M) 4.1 2521 25.94 24.93 24.81 25.15 2427 24.99 25.02
'0.07 0.15 032 0.00 0.03 (2.56) 049 0.00 0.00 0.00 0.00 0.00 0.9 0.00 048
8.11 8.66 894 8.09 7.84 .11 11.0 8.16 7.70 939 8.37 8.97 1021 8.61 M
0.00 0.00 0.00 244 0.00 (0.00) 0.00 0.56 2.58 142 0.62 192 0.00 3.84 0.00
16.76 1633 16.55 15.09 1686  (16.15) 15.13 16.03 14.60 14.26 15.76 14.67 15.85 13.34 16.89
2.55 2.55 2.7 2.57 2.58 @.57) 2.52 249 2.50 247 2.50 248 2.51 248 2.59
3 34 378 3.75 382 G 374 3.6 3.60 3.59 3.59 3.50 3.61 3.54 .67
2.92 2.93 298 2.92 2.93 (2.98) 2.90 2.91 2.94 2.90 2.93 2.86 282 2.98 2.94
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“Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

LW26FVP LW27FVP LW2SFVP LW29FVP LWO4FVPA LWSAFVP LWSIFVP LWSSFVP LW39FVP LWASFVP LW44FVP LWOSFVP LW9IFVP LWIO4FVP LWIIOFVP

Q2 Qi Qi2b Qb Q2 Qi2c Qi2c Qize Qe Qv Qs2a Q2 Quis Q26 Qfs
4226 887 48.62 48.66 49.04 841 48.79 48.53 48.20 4828 4149 4884 49.32 4930 4922
193 1.96 1.86 197 1as 1.87 1.85° 191 191 191 188 1.93 1.9 1.94 187
16.68 16.78 1674 1673 -~ 1673 16.77 16.20 1639 1668 1667 1623 1611 16.20 1691 16.87
11.56 11.74 1140 nn o u4a 11.40 1155 1139 1146 1139 11.43 11.63 11.76 11.61 1153
k] 1.76 11 1.76 k7] LN L7 171 L2 In 1.7 1.74 1.76 1.74 .73
884 898 812 897 878 8.2 8.84 87 8.7 X 8.74 890 9.00 ass s82
0.17 0.17 0.17 017 0.17 0.17 0.8 017 0.17 0.17 017 017 017 0.17 017
s 528 5.86 589 518 578 5.68 5.84 sa8 588 586 592 613 588 590
8.62 851 867 838 2.94 872 892, 8.20 8.41 8.64 836 8.56 838 833 870
" 347 3.60 344 361 3.40 344 347 358 3.60 3.53 342 348 3 337 332
1.80 1.85 181 1.8 1.8 178 1.76 1.79 126 1.86 1.80 1.2 1.83 1.79 179
L19 121 121 I 121 118 123 120 118 120 R AR Py 122 119 123
9950  10057. 9977 10018 10040 9952 10022 99.56 993§ 99.50 9781 - 10032 100.84 10046  100.59
54.01 53.84 5447 5391 388 s4S 53.40 54.43 $4.45 $4.46 $4.44 5426 54.85 5399 $4.36
1820 1724 1818 1721 179.5 1752 1774 1605 1706 126.1 120.7 179.7 1788 IR} 177.0
121.5 130 100 156 124 944 1037 104.6 109.8 1242 7.8 110.5 1265 1182 104.1
602 583 94 6 S04 29 499 08 - S68 - S30 $3.7 512 s4.1 515 499
125.4 1283 1268 1194 1359 1299 Hss 1296 127.1 1332 135.1 1355 1417 1206 -~ 1356
186 158 170 . 183 203 210 198 176 208 182 177 200 175 19.7 19.1
‘1453 1489 1426 1496 1454 1450 1423 1486 1455 1467 1394 1454 1465 1479 1429
213 25.0 279 319 280 306 07 208 219 272 309 26.4 324 328 268
364 ms 3610 3N M3 . Il 3707 368.7 3669 3793 369.9 368.7 3587 366.4 368.5
252 320 329 334 324 77 ns 21 307 29 258 30 138 M 36
1403 1399 1395 1392 1322 13717 1410 1312 1455 1435 1301 137 1308 1329 1353
10.66 1092 10.22 1084 10.24 10.53 1040 1057 1098 11.02 10.64 10.78 10.79 10.58 10.56
29.02 2938 2907 3001 8B 202 2936 29.14 2870 2849 28.67 29.45 2807 2151 28.06
24.73 2426 25000 2412 2507 2518 25.17 2361 2396 2426 274 24.69 25.66 25.34 2597
0.47 033 0.00 0.30 0.00 0.00 0.00 047 097 on 0.12 0.00 0.00 0.00 0.00
9.20 898 9.05 8.53 10.10 928 9.85 10.79 903 958 9.00 8.53 723 7.07 824
0.00 0.00 111 0.00 115 030 0.65 0.00 0.00 0.00 0.00 1.74 6.64 692 513
1609 .. 1638 1531 16.54 1435 568 1522 15.40 16.17 15.84 16.16 1529 12.68 1185 1241
251 - 25§ 248 2.58 249 248 251 248 249 248 248 253 256 2.52 2.51
- 3.66 an 353 374 352 358 st 3.62 363 363 357 3.66 3.6 3.68 3.54
2.84 291 2.89 293 2.89 282 2.94 2.86 2.8 2.88 281 3.03 2.9 2.86 295
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

LWI26FVP LWIOFVP LWI32FVP LWI3SFVP LWII4FVP LWIISFVP LWI2TFVP LWI28FVP LW36FVP LW3I7FVP LW3SFVP LWOSFVPA LWSOFVP LWGOFVP

Qs2fs Qs2fs Qs2fs Qs2fs Qs2fs Qs2fs Qs2fs Qs2fs Qs2u Qs2u Qs2u Q3 Qi3 Qi
49.01 49.04 49.46 49.22 4887 49!50 49.17 49.12 48.61 48.82 4877 49.31 49.03 48.88
1.92 1.93 1.89 1.94 1.92 1.90 1.95 1.94 1.92 1.91 1.94 191 1.86 1.84
17.02 16.95 16.91 16.80 17.00 17.18 17.02 16.87 16.89 16.60 16.45 16.76 16.95 16.75
11.76 11.82 11.66 11.54 11.62 11.48 11.74 11.58 11.63 -11.63 11.69 11.59 11.42 11.37
1.76 1.77 1.75 1.713 1.74 1.2 1.76 1.24 1.74 1.74 1.75 1.74 1.1 (]
9.00 9.04 892 8.83 8.89 878 898 8.86 8.90 8.90 8.94 8.87 8.74 8.70
0.17 0.17 A Y 017 0.17 0.17 0.18 017 0.18 0.17 0.17 0.17 0.18 0.17
515 5.87 " 589 . 5.718 594 5.81 599 574 5.81 5.84 5.86 595 5.60 5.76
8.40 8.39 8.46 . 8.26 839 8.54 8.14 8.12 8.45 8.34 8.32 8.84 8.64 8.74
3.04 3.7 328 327 345 345 3.46 3.60 48 348 358 183 343 341
1.7 1.7 1.82 1.89 1.86 1.89 1.89 (2.24) 1.88 1.89 1.94 1.83 1.38 1.84
1.14 L16 1.19 1.15 1.18 1.19 1.19 119 1.23 1.19 1.21 1.19 1.23 1.17
99.93 100.33 100.74 100.01 100.39 101.10 100.71 100.56 100.03 99.87 99.91 101.07 100.22 99.93
533 §3.62 54.07 53.84 5435 54.09 54.29 53.59 53.80 53.93 53.86 54.46 53.30 54.15
1759 179.0 179.3 166.9 175.5 1833 178.8 180.9 178.0 186.7 186.5 181.6 185.6 ‘ 182.0
1064 116.6 113.2 110.8 122.1 109.5 110.0 1117 1328 123.7 1348 112.5 86.8 95.0
50.4 53.9 534 48.6 415 470 58.0 583 54.6 574 55.9 523 468 44.8
1416 137.5 141.2 - 1362 134.1 136.8 140.5 1384 1249 126.5 124.5 127.8 1309 139.3
16.7 19.8 228 o199 19.0 21.6 21.0 26.1 18.9 19.9 19.7 209 18.0 193
1616 1528 1464 1476 1442 1449 1482 1469 1447 1456 1484 1486 1425 1448
337 28.5 30.5 28.1 258 29.3 306 262 213 26.1 28.5 26.2 294 21.5
mne n2 364.9 3619 366.9 364.4 387.5 s 368.0 3no 365.3 3564 ne 3604
337 370 325 369 336 28.8 28.1 271 342 339 322 26.8 320 310
1307 1268 1340 1376 1312 1331 1343 1353 1388 1406 1433 1280 . 1426 1395
10.14 10.20 10.79 1118 1098 1.17 11.17 (13.24) 1.1 11.16 11.50 10.80 11.12 10.86
25.712 27.69 211 27.62 29.15 29.18 29.25  (28.94) 29.01 29.44 29.87 29.88 29.05 28.83
27.85 26.57 26.13 251 25.54 25.93 2546 (23.38) 25.25 2421 23.19 24.58 25.39 25.09
0.00 0.00 0.00 0.00 0.00 0.00 0.00 (0.81) 0.00 0.00 022 0.00 0.00 0.00
6.00 6.88 1.34 7.4 7.62 7.88 6.57 (8.24) 7.84 8.46 9.14 10.16 8.50 9.46
12.55 179 7.82 7.84 2.08 339 393 (0.00) 1.62 1.86 0.00 0.06 2.63 1.92
8.09 11.53 11.28 1097 15.39 14.00 14.59 (16.29) 15.45 15.11 16.28 1597 13.95 14.40
2.56 2.57 2.54 2.51 2.53 2.50 2.55 (2.52) 2.5) 253 254 2.52 248 247
3.65 3.66 3.59 167 3.65 3.60 3.70 (3.68) 3.65 3.62 3.67 3.62 315 350
2.74 2,19 2.85 2.75 2.81 2.84 2.86 (2.85) - 2,94 2.86 2.89 2.85 2.95 2.8)
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DL B

Table 1. Major, trace-element (determined by XRT) and normative compositions of Lathrop Wells basalts

LWSIFVP LW62FVP LWO2FVP LWOIFVP LW6SFVP LW6OFVP LW70FVP LWISFVP LWISFVP LWBS0FVP LWSIFVP LWS2FVP-B  LWB2FVP.-R LWS6FVP LWSIFVP

Qi3 Q3 Qs3 Q3 Qs Qs3 Qs3 Qs3 Q3 Qa3 Qs3 Q3 Qs3 Q3 - Q3
43.65 48.19 48.55 48.63 43.62 49.02 8.7 4367 - 4846 41.50 48,78 49.09 43.04 49.62 49.33
183 1.82 2.« T B %] R 1.87 1.87 1.90 . 1.89 1.91 1.85 1.83 1.88, 1.86 1.26
16.87 16.87 16.96 16.87 16.86 -16.96 16.81 16.86 16.94 16.73 16.34 1691 16.51 - 17.08 16.95
1145 11.22 11.25 11.50 1145 - 1143 11.40 11.57. 11.66 1148 11.52 11.34 - 1143 11.49 11.50
1.72 1.68 1.69 Ln 1.12 L1 m 1M 1.75 - Ln 1.7 © L0 L7 1 1.72
8.76 8.58 8.61 8.80 8.76 N 872 8.8 892 8.78 881 8.68 8.74 8.79 8.20
0.18 .0.17 0.17 0.18 0.17 0.17 0.17 DAY 0.17 0.17 0.17 0.17 017 - 017 0.17
570 . 5.62 522, 5.67 590 5.69 an n 574 5.8 518 564 . 365 5.69 5.59
8.79 893 883 8.52 8.59 8.65 8.70 820 . 830 " 8.62 8.57 8.59 8.67 8.81 394
339 33 4 338 350 - 343 344 in 29 | 47 339 | 328 3.50 3.0 319
1.20 181 Ln 176 1.84 178 1.80 1.76 1.72 1.76 1.7 178 "(1.43) L 1.3
17 119 121 118 121 119 1.19 L17 112 1.20 119 118 L9 121 121
99.82 - 99.15 99.25 99.53 100.04 100.19 99.89 99.24 98.99 99.62 99.90 © 9977 98.45 100.74 100.47
5nn - 58 51.93 5344 54.54 53.69 54.11 53.54 5343 5399 54.34 53.69 53.53 53.57 5312
1876 1755 - 1814 17184 1799 180.2 181.1 1813 164.0 168.4 1747 1810 1728 1824 187.5
1103 1083 63.1 107.3 1117 105.0 1053 " 106.6 96.9 107.4 106.9 84.0 1118 102.8 9.9
469 414 325 422 453 453 431 55.0 58.1 50.2 499 453 543 430 40.7
1376 1318 1249 1321 1339 1330 1282 1159 1350 1413 1380 1240 1333 1342 136.5
19.8 239 217 183 19.5 202 19.7 208 199 203 20.1 182 145 205 17.9
1450 1443 1470 1431 - 1480 1430 1440 1444 1476 1450 1412 1439 1426 1460 1449
226 222 342 288 26.1 26.5 259 26.7 239 183 223 265 252 299 279
3705 368.1 3708 mns k77X B Y K 3639 3708 - 320 366.6 367.6 nse N3 363.6 ne
366 211 269 299 I K 299 301 355 324 365 306 30.1 S s mn6 B
1376 1385 1433 1419 1361 1410 1404 1412 1362 1426 1417 . 1429 1406 1334 1357
10.63 10.72 10.45 1042 1090 10.53 10.66 1040  10.15 1041 10.13 1032 (845) - 1016 10.25
28.65 28.03 29.39 2831 -29.41 29.03 29.08 27.24 25.27 2932 28.68 21 - (29.62) 26.16 21.02
25.63 2591 25.57 25.92 2494 . 2513 2522 2648 2187 25.00 25.78 2637 (25.22) 2276 26.90
0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 (0.00) 0.00 0.00
9.21 947 9.29 7.39 wm . 8.51 9.12 6.13 567 389 8.10 1m (8.96) 733 8.99
1.63 0.89 138 4.67 0.00 . 328 1.49 8.99 12.15 121 4.07 - 1.5 337 1220 © 848
14.69 1477 13.78 12.91 1629 13.64 14.84 1047 8.44 15.18 13.66 - 10.66 (13.36) 7.59 9.70
249 -2.44 245 2.50 249 248 248 252 2.54 2.50 251 247 (2.48) 250 2.50
348 346 348 348 361 354 355 3.60 3.59 1.62 s 348 (.52) 353 353
28] 2.85 2.89 281 2.89 2.84 2.34 2.80 2.69 2.88 2.84 2.82 (2.86) 2.90 2.89
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

LW8SFVP LWI9SFVP LWI23FVP LWI3IFVP-B LWI3IFVP-R LW78FVP-B  LW78FVP-R LWI24FVP-B LWI24FVP-R LWI34FVP LWISFVP LWIGFVP LWI4FVP

Qs3 Qs3 Qs3 Qsda Qsta Qsdb Qsdb Qsdb Qsdb Qsdb Qsde Qsdc ?
49.43 48.98 49.04 4936 48.90 9.1 49.34 5037 49.46 50.11 48.20 48.65 49.13
1.85 1.90 1.89 1.87 1.82 175 175 1.79 1.81 1.81 1.81 1.80 1.88
16.84 17.08 16.79 16.70 16.45 16.63 16.68 16.88 16.85 16.79 16.07 16.24 16.82
11.50 11.80 11.60 1nsr . 11.90 10.87 10.98 11.09 11.21 1121 12.05 12.13 11.61
112 177 174 1.7 178 163 1.65 1.66 1.68 1.68 1.81 1.82 1.74
8.80 9.03 8.87 9.04 9.10 8.32 8.40 8.48 8.58 8.58 9.22 9.28 8.88
0.17 0.18 0.18 0.18 0.17 0.17 017 0.16 0.18 0.19 0.18 0.18 0.17
5.71 5.86 599 6.21 632 5.63 5.36 562 5.13 5.70 7.09 7.14 571
8.86 8.66 8.44 8.57 8.43 8.40 829 . 808 8.11 7.98 8.20 8.18 7.98
332 315 .52 3.20 349 3.05 3.13 347 3.66 3.08 3.18 317 3.06
1.77 (1.48) (1.61) L79 (1.74) 191 (1.77) 187 (1.55) 1.93 1.64 1.63 1.67
120 1.24 116 120 118 118 133 L17 126 1.26 L17 118 1.07
10064 10032 10021 100.89 100.40 99.37 98.81 100.51 99.21 100.04 99.57  100.30 99.09
53.63 53.66 54.61 55.07 55.30 5470 53.23 5416 51.60 54.23 57.80 57.82 5341
193.1 181.0 174.4 1679 181.4 164.1 160.4 1659 169.1 163.5 1717 1694 | 1615
1052 106.3 113.0 297.0 406.1 103.2 102.2 1103 106.9 128.0 187.0 193.0 1062
494 464 559 625 76.8 53.0 478 488 39.4 52,0 1104 106.5 578
1217 142.0 1335 137.9 144.1 1345 145.9 1343 184.0 140.5 943 99.0 100.8
187 19.0 226 20.6 179 307 325 308 286 326 16.8 15.8 16.5
1449 1498 1420 1432 1427 1317 1318 1334 1349 1334 1372 1380 1414
252 308 243 254 267 320 32.0 30.5 216 28.1 17.6 254 320
3674 374.0 366.3 3622 360.2 361.0 363.1 3579 364.2 2 3523 357.1 368.2
304 2.7 364 s 320 314 328 132 387 30.8 310 26.6 299
1284 1324 1301 1344 1259 1330 1292 1347 1282 1251 1334 1317 1383
10.47 8.13) (9.53) 10.59 (10.26) 11.32 (10.48) 11.08 ©.17) 11.40 9.68 9.62 9.86
2806  (2662)  (29.76) 27.09 (29.53) 25.76 (26.46) 2935 (30.92) 26.03 26.87 26.85 25.90
2594  (2824)  (2537) 26.01 (24.19) . 26.16 (26.35) 25.06 (25.09) 26.42 24.86 25.37 21.35
0.00 (0.00) (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 000 000 0.00 0.00
9.10 (6.23) (8.04) 7.86 (8.88) 7.10 (5.67) 6.6 (6.39) an 741 6.84 5.04
609  (12.16) (4.14) 7.98 (1.78) 14.5 (15.66) 10.27 (9.28) 17.51 6.05 1712 15.65
11.49 (8571)  (13.86) 1.7 (621) 542 “.7) 8.78 (8.85) 447 15.17 14.34 6.02
2.50 @.57) 2.52) 2.57 (2.59) 236 (2.39) 241 (2.44) 244 2.62 2.64 252
3.50 3.61) (3.59) 3.56 (3.46) K] (3.32) 340 (3.44) 343 344 342 3.56
2.87 (2.96) (2.78) 2.86 (2.82) 2.83 (3.19) 2.80 (3.01) 3.02 2.80 2.83 2.56
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

LWI29FVP LWI131FVP-B

? ?
49.06 49.13
202 1.84
16.79 1679
11.93 1140
179 L7
.13 872
0.18 018 . .
5.29 5n '
184 841
332 347
196 1.86
121 1.3
100.19 100.05
53.49 51.95
1209 1812
1082 1072
518 46
1387 1362
196 78
1503 1398
2.7 215
3820 369.6
373 219
1298 1320
11.58 11.03
2811 29.36
25.23 24.83
0.00 0.00
. 548 801
1.65 3.68
12.20 13.61
2.59 248
3.3 3.50
2.90 2.94
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Sample
Unit

Rb
Se
Co
Sr
Ba

Ce
Nd
Sm
Eu

Yb
Lu
Hf
Ta
Th

Table 2. Tracé-clemen@_ compositions of Lathrop Wells basalts determined by INAA

LWIIFVP LWI2FVP LW74FVP

Qlla

20
18.8
30.8
1430
1410
92.1

180

72
12.5
319

1,15
236
. 0333
722
1.40
6.51

Qlla

21

189
311
1440
1420
923
181
74
122

RV

~L13

S.23
0.318
7.34
1.37
6.64

Qlla

2
18.87
30.6
1420
1430
92.5
181
80
1238
- 3.15
113
229
0.339
. 721
. 1.40
" 6.59

LWA4SFVP LWT72FVP LW73FVP

Qllb

21
19.1
31
1480
1380
94.2
185
78
12.6

- 3.28
. 1.16
© 242
--0.336
1127
137

- . 633

Ql1b

18
18.7
30.5

1400
1370
92.7

183

72
12.6
329

- 113

2.39
0.334

. 124
. 1.39

6.27

Page 1

Qllb

19

19
30.5
1460
1430
93.7
186.5
80
12.67
327

238

- 0.352

7.35
1.43
6.48

LWI100FVP
Qllb

19
19.04
30.7
1470
1430
944
185.8
84
12.86
332
12
2,34

- 0.337
7.35
1.43
6.43

LWI10IFVP

Qslb

20
18.7

304

1460
1420
92.2
181.6
76
12.51
3.18
1.18
229
0.337
- 112
1.42
6.27

LW30FVP

Qlie

22
18.8
29.8

1470
1410
90.5

177

119
3.07
1.0
224}
. 0.341
6.91
1.32
6.65




LW3I1FVP

Qlle

21
19
30.2
1410
1430
92
179
A
12.1
3.09
1.09
2.28
0.353
7
1.34
6.84

LW32FVP

Qllc

18
18.9
30.6
1390
1450
92.9

181

80
124
3.16
1.13
235

0.338
7.29
1.37
6.56

Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

LW63FVP LW64FVP LW6SFVP LW66FVP LW67FVP

Qllc

22.1
19.4
31.56
1410
1430
93.2
182.4
74
12.23
3.16
1.11
237
0.345
7.31
1.34
6.82

Qllc

23
19.11
30.27

1450
1430

92.6

180.2
74
12.2
3.1
1.13
239
0.338
127
1.35
6.73

Qlic

20.2
19.13
30.58

1490

1460

933
1834

75

12.5

321

1.181 -

2.36
0.334
7.28
1.38

6.69

Qllc

22
19.46
30.58

1450
1450
'93.8
182.6

73

1243
n
1.15

24

0.343
1.36
1.39
6.84
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Qllc

21
19.42
3132

1420
1450
93.3

182

74

12.24
3.14
1.14
242
0.35
7.24
1.36
6.77

LWI10FVP

Qllc

22
19.52
30.8
1420
1510
93.5
183
79
12.39
n
1.15
2.33
0.338
7.19
1.39
6.84

LWI115FVP
Qllc

26
19.66
312
1450
1500
94.2
181.8
78
12.26
3.16
1.18
2.37
0.341
7.36
1.36
6.73

LW93FvVPp

Qslc

20
19.01
30.74

1410
1470
92.8
181.3

75

12.29
KRY
1.19
237

0.346
1.34
1.39
6.59

LW20FVP
Qlid

22
18.6
303
1460
1370
91.9

183

77

12.5
323
114

b 236
0.332
7.26
1.36
6.17




Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

LW2IFVP LW2FVP LW23IFVP LW79FVP

Qid

193
18.3
304
1520
1320
90.3
181
78
124
324

1.14

234
0.306
7.04
137
594

Qlid

19
18.7
315
1500
1350
92.6

184

73
12.7
328

117

242
0.356
7.17
1.39

6.05 -

Qiid

20
18.4
309

1490-
1330 .

91.7
183
81
12.5
328
1.15

227.

0.368
7.16

139

597

Qsld

20
18.68
313
1490

-1360

92.6
1844
78
12.717
3.26

L19
242

0.338
7.29
138

6.34

LWOIFVP LW7IFVP LWSFVP

Qslir

22
19.1
30.7
1420
1430

93.1

183
74
12.5

318 -

114
2.36
0.346
7.35
136
6.64

Qsir

20
19
31
1420
1400
94.6
187
3
129
i
1.16 -
247
0.354
7.29
1.43
6.12
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Qslu

23
19.27
312
1540
1430
95.2
184.9
79
12.64
328
1.18
232
0.328
731
1.42
6.59

LW9FVP

Qstu

21
19.13
309
1450
1430
94
185.4
76
12.55
322
1.19
232
0.331
7.23
1.40

6.49 -

LWI0FVP

Qslu

20
18.67
303
1470
1400
922.1
1784
80
12.29
n
115
229
0.339
.1
1.39
6.46

LW33FVP

Qslu

20
19.5
30.6

" 1400
1420
94.1

183

124
3.18
1.1
24
0.354
7.24
1.35
6.71

LW34FVP
- Qshu

21
19.5
31.8
1390
1460
94.3
184
70
123
322

112,
257
0.366
726
1.39
673




LW35FVP
Qslu

20
19.3
30.8
1350
1420
94.4

182

73
124
3.18

1.1
2.33

0.367
7.06
1.37
6.65

LW42FVP

Qslu

19
18.2
294
1430
1340
90.3

179

79
12.1
ERY)

1.1

24
0.313
6.96
1.34
6.24

Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

LW43FVP LW46FVP LW47FVP LW49FVP LWS0FVP LWSIFVP LW98FVP  LW99FVP LWI103FVP

Qslu

21
18.5
30.6
1410
1360
91.5

183

9
12.6
3.25
1.17
238

0.343
7.22
1.38
6.11

Qslu

21
18.86
3031

1430
1430
92.3
181.1

76

12.32
12
1.13
235

0.336
7.29
1.37
6.67

Qslu Qslu Qslu Qslu Qslu Qslu Qslu
22 - 20 19.1 22 21 18 22
19.31 19 19.02 19.1 19.28 19.41 19.05
31.05 31.1 30.53 30.8 31 31.1 30.73
1400 1430 1440 1430 1460 1430 1460
1450 1420 1440 1450 1470 1450 1450
93.6 923 92.8 92.8 94.7 95.9 93.7
183.7 181 181.6 182 186.2 187.8 183.8
81 73 73 7 79 79 77
124 123 12.29 12.4 12.76 12.78 12.59
32 3.15 3.16 3.19 327 332 3.22
1.15 1.1 1.16 1.14 1.19 1.19 1.16
2.44 2.32 2.39 2.32 2.34 2.42 | 238
0.34 0.355 0.339 0.344 0.337 0.325 0.336
13 7.11 721 12 7.29 137 74
1.39 138 1.36 1.39 1.41 142 1.37

6.86 6.55 6.6 6.68 6.59 6.65 6.66
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LWII3FVP

Qslu

23
19.12
309
1470
1420
94.1
183.2
82
12.69
329
1.21
231
0346
126
1.41
6.55

LW116FVP

Qslu

19
19.09
313
1440
1420

943 .

1832
88
12.66
33
1.16
239
033
727
1.42
6.54

LWIH2FVP

Qllu

18
189
32.9
1490
1460
93.3
185.6
77

12,69
319 .

1.18

235
0337,

7.11
1.42
6.38

Qi2a

19
194
30.6
1310
1460

179
7

12

3.0

1.1

224
0335
- 1.02
135
6.89

Ql2a

2
19.9
30.5
1310
1440
03.5
181

70
1.9
3.15
.
24

' 0325

729
. 132
© 6.98

LWO6FVP LWO7FVP LWISFVP

Ql2a

23
20.1
304
1390
1480
94.6

1834

74

1228

3.14

111
2.36

0343

Page 5

7.23
1.39
7.15

Ql2a

23

19.75
29.5
1403
1450
93.5

182.8

75

12.12
3.16
1.18
243

0337
7.32
1.39
7.06

QR2a

21
19.8
30.1
1330
1430
93.9
181
7
122
a1
LI2
238
0.388
724
140
6.9

Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

QR2a

20
19.3
Jo4

1400
1390
92
178

12

3.08 -

1.09

232 -

0.351
6.92

135

6.84

LWAOFVP LWA4IFVP LWA4FVP LW25FVP

Q12b

21
19
30.6
1470
1420
932
183
76
12.1
.13
1.1
232
0.327
7.1
1.39
6.59

LW27FVP
Qi2b

21
193
30.7

1450
1400
93.6

183

K4
12.1
319
1.08

b 238

0342
1R
1.36

6.51




LW28FVP LW29FVP

Qb

22
19.7
29.7
1390
1410
93.8

180

78

1.9
3.
LI
233
0.334
1.16
137
1.12

Qb

21
193
309
1370
1400
93.8

183

76
124
321
1.13
235

0.348

731 .
134

1 6.61

Table 2. Trace-clement compositions of Lathrop Wells basalts determined by INAA

LW96FVP LW9TFVP LWI04FVP LWI114FVP

Qs2fs

21.6
19.29
3048

1400

1410

93.2
180.1

75
12

3.2

1.12

238

0.339
717
138
6.86

Qs2fs

20
19.37
3L13

1380

1400 .

9238
179.7

75
1204
X1
SN
237
0341
7.11
137
 6.84

- Qafs

22
19.15
30.76
1460
1430
91.6
1813
19
12.03
3.12
Ll
233
0.328
724
137
6.83

Qs2fs

LWI118FVP
Qs2fs

23
19.53
302
1380
1410
93
177.7
75
12.06
kR |

LWII19FVP
Qs2fs

25
19.82
304
1370
1430
94.1
1773
81
12.01
3.12
1.14
243
034

7.14

141
7.12

LWI26FVP
Qs2fs

20
20.2
30.7
1530
1460
952
185.7
76
12.24
3.18
1.16
2.39
10333
724

- 141
7.09

LWI27FVP
Qs2fs

22
19.11
30.6
1470
1470
92.1
180.6
74
12.12
12
1.15
i2.24
0.349
7.13
140
6.66




LWI30FVP

Qs2fs

22
19.75
314
1400
1420
93.7
179.1
82
12.12
3.15
1.14
233
0.323
- 7.16
- 1.40

Table 2. Trace-element compositions of Lathrdp Wells basalts determined by INAA

LWI32FVP  LWI35FVP  LWI36FVP LW37FVP LW3sFVP LWGOFVP' LW6IFVP LWG62FVP LWO2FVP

Qs2fs Qs2fs Qs2u Qs2u Qs2n QB QB3 QB
19 25 22 22 23 20.3 21 2
19.34 19.51 19.6 19.7 19.5 199 19.7 19.9
30.8 30.7 30.9 31.1 312 30 298 29.9
1410 . 1410 1320 1310 1380 1330 1460 1330
1440 1490 1460 1430 1400 1410 1430 1380
91.2 92.6 942 95 4.1 94.4 94.1 94.6
175.4 183.7 184 185 184 181 179 180
75 18 ) 7 n 65 74 n
11.98 12.19 122 12.3 12.3 12.1 12 12,1
3.01 R N ¢ A .6 318 322 31 3.06 3.12
1.12 L7 o e o L4 L.n Ol 1.1
229 233 236 235 237 235 2.34 238
. 0329 0318 0352 0.344 0331 . 0359 0.338 0346
- .7.03 123 . 128 734 . 7.2 .14 112 721
139 139 137 136 134 138 137 137
6.86 678 - . 678 . 693 .. 666 : 726 . 129 14

e S Page 7 ‘

Qs3

23
203
28.1
1330
1410
97.1
186
7
122
3.16
113
2.36
0.36
7.41
138
7.69

LWO3FvP

Qs3

23
19.7

303

1340

1410

933

178

68

12

3.06

1.07

| 243
0.339
122

1.40

7.19




LW69FVP

Qs3

23

19.9
294 -

1400
1400
94.6
182
80
12.1
i
L1l
2.38
0.361
7.15
137
7.28

Table 2. Trace-element.compositions of Lathrop Wells basalts determined by INAA

LWJOFVP LW7SFVP LW76FVP LWSOFVP LWSIFVP LWS82BFVP LW82RFVP LW86FVP LWSTFVP LWBBFVP

Qs3

21
199
30
1390
1420
95.1
182
72
12.1
312
1.09

229

0.344

122

137

125

Qs3

21.6
19.711
30.62

1380

1400

93.8
180.5

75

12.06-

3.06
1.14
237
0.341
729
1.39
7.03

Qs3

202
19.84
30.66

1410
1400
932
181.1
75
11.94
n

R RY)

236
0.353

Coet 12

137
13

Qs3

21
19.5
30
1410
1430
932
178
78
11.8
3.1
1.1
228

2 - 037
- 698
;136

i 692

it

Qs3

24
19.9
303

1370
1420
94.7

182

76
122
3.12

. LI

1233
0.357
.+ 1.13
1.37
- 135

iPage 8

Qs3

24
20.03

- 291

1400
1460
95.6
183.9
75
11.94
3.1
1.12
2.39
0.348
741

139

7.56

Qs3

20
19.92
30.54

1370
1420
94.8
181.9

74

12.18
M4

LIS

2.39
0.349
1.37
1.36
6.97

Qs3

21
20.13
29.83

1410
1430
96.1
184.4
70

- 12.26

3.1
1.15
241
0.36
743
1.39
742

Qs3

24

20.07
29.68
1430
1431
96
184.9
74
1222
3.15
1.13

244 .
0351 .
731

135
7.53

Qs3

23
19.84
29.68

1400
1420

94.6
1824

72
12.06

3.09
1.15

| 245

0349

723 .

1.34 .
1417




Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

LWISFVP  LWI23FVP LWI33FVP-R:  LWI33FVP-B LW78FVP-B  LW78FVP-R  LWI24FVP-B LWI24FVP-R  LWI34FVP

Qs3 Qs3 Qsda Qsda Qsdb Qsdb Qsdb Qs4b Qsdb
18 21 21 21 34 344 32 28 - 36
20.28 19.57 19.57 19.57 18.76 19.03 19.15 19.29 o 19.09
30.65 30.6 328 32 28.88 28.89 289 28.7 29.5
1460 1340 1390 1340 1290 1250 1300 1270 1260
1390 1450 1410 .. 1450 1360 1330 1430 1380 1410
96.6 92.6 922 922 ©o917 96.2 921.1 93.7 96.4
186.3 178.8 1828 179.5 1759 179.6 176.2 179.1 188.6
n 77 74 : 80 73 75 71 k) 75
12.4 11.89 11.95 1195 11.8 12.57 11.91 12.13 12.56
319 3.05 3.07 3.07 291 © 3.07 296 2.96 315
1.14 1.16 - LN L1 L12 1.23 1.16 . 1.16 1.23
248 233 : 248 23 - 2.54 28 2.48 249 | 289
0348 - 0.334 .. 035 0.349 0.38 0.405 0.35 0.399 © 0403
735 7.05 o 118 7.13 74 735 7.38 72 7.69
- 1.39 1.40 141 . 1.39 1.38 1.38 1.38 , 1.42 1.47
7.34 6.89 : 688 6.88 8.32 9.01 8.1 8.18 9.18
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Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

LWISFVP LWIGFVP LWI4FVP

Qsdc Qsdc ?

18 21 20
19.4 19.1 19.5
36.5 35.8 30
1240 1230 1280
1350 1310 1390
90.3 89.7 90.3
174 172 178
61 66 68
114 113 112
R 2.94 2.99
1.06 1.04 1.03
223 2.18 223
0.333 0314 0.334

6.94 6.87 122
128 127 130
6.7 6.82 . 68
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Table 3. Replicate INAA analyses of LW27FVP

Sample Sc Co Rb Sr Ba La Ce Nd
LW27FVP 193 30.7 21 1450 1400 93.6 183 79
NMISFVP' 19.4 3.1 — 18 1370 1430 93.9 183 71
NMISFVP' 192 30.7 23 1410 . 1430 92.8 181 73
 NM20FVP! 19.3 30.8 19 1420 1440 93.3 183 78
NM30FVP? 1923 30.81 21 1430 1430 93.4 183.4 7
NM33FVP? 192 30.64 203 1440 1430 629 . 1838 78
NM34FVP 1924 30.66 21 1440 1460 93.1 182.7 77
NM41FVP? 19.15 30.66 21 1430 1440 92.6 182.5 77
NM42FVP? 19.13 30.6 20 1410 1470 92.8 181.3 77
NMA43FVP 15.44 312 20 1430 1500 942 183.7 78
NM4SFVP? 19.36 30.7 17 1440 1480 93.8 183 75
NM4SFVP 19.42 31 18 1360 1470 93.7 183.7 73
Mean 1928 30.80 1994 1419.17 144833 9334  182.84  76.08
Standard Deviation 0.11 020 1.68 28.11 27.91 0.51 0.89 2.50
Percent Standard ) ' , : ‘,
Deviation (100-s/mean) 0.55 0.64 8.42 1.98 193 0.55 0.49 329
Sample ~ Sm Eu Tb Yb Lu Hf Ta Th
LW27FVP' 12.1 3.19 1.08 238 0340 722 1.36 6.51
NM18FVP' 124 3.19 113 2.35 0.350 722 1.38 665
NMISFVP' , 124 3.16 1.14 233 0.360 123 14 6.68
NM20FVP' 124 3.19 1.13 225 10.360 7.14 137 6.56
NM30FVP 1233 3.17 1.12 2.39 0332 737 136 6.7
NM33FVP 1236 3.19 1.4 241 0.340 736 137 6.71
NM34FVP? 12.47 3.19 1.16 239 0342 727 1.38 6.76
NM41FVF 1226 3.19 1.17 233 0.341 73 1.36 6.80
NM42FVP® 12.39 3.16 1.18 231 0.336 733 142 6.68
NM43FVP . 12.64 322 1.19 235 0335 733 14 6.63
NM4SFVP? 12.56 ‘324 1.19 231 0.353 734 - 134 6.60
NM4SFVP’ 1233 328 117 233 0339 7.39 134 6.87
Mean : 1239 320 1.15 234 0344 729 137 6.69
Standard Deviation 0.14 0.03 0.03 0.04 0.009 0.08 0.02 0.10
Percent Standard . : : ’ A

Deviation (100-s/mean) 1.11 1.08 2.85 1.89 2.76 1.04 1.77 1.55

123 Sample group

N S ol o



Table 4. Isotopic and trace-element compositions of Lathrop Wells Basalts determined by solid-source mass spectrometry

Sample
_ Unit

Rb
Sr

YsrMsr

Sm
Nd

I“NdII“Nd

Eneg

Pb

Wpp*pb
Wpp %ph
WpprYph

Qlla

19.70
1452

0.707021

1243

90.10 -

0.512135
-9.81

110
38.264
15.514
18.345

Qlla

19.10
- 1446

0.707047

12.33

89.11

0.512110
-1030

1

38.323
15.528
18.353

Qlld
17.76

1482
0.707084

12.56
90.50

0.512142
-9.63

101
3832
15.52

18372

Qlid

15.68
1495

0.707077

1279
91.99

0512142

"<9.68

102

38343
15527

18.389

LWIIFVP LWI2FVP LW20FVP LW22FVP LWI13FVP

Qslu

20.60
1461

0.707039

12.40
89.20
0.512130
-9.91

S I B
38288
15.519
18.355

LW7FVP LW41FVP LW27FVP LW29FVP LW9GFVP LW9TFVP LWI18FVP

Ql2a

19.90
1399

0.707006

12.00
86.50

0.512123
-10.00

1.7
38.296
15.527
18.336

QR2a '

2047
1395

0.707011

12.05
8730

0.512125
-10.01

10.8
38222
15.505

18312

QRzb

19.36
1424

0.707033

12.16
87.99

0512114
~10.22

110

38316
15528

18.343

QL2b

19.60
1431

0.707034

1226
. 88.44
0.512124
-10.03

10

38.365
15.542
18354

Qs2fs

20.50
1410

0.706978

12.10
87.60

0.512120
-10.10

123

3836

15.545
18.352

Qs2fs

20.40
1413

0.707044

12.00
86.70

0.512123
~10.00

122
38328
1 5.536l
18.341

Qs2fs

21.40
1386

0.707003

11.90
86.10

0.512113
-10.20

11.8
38.323
15.535
18.361




Table 4. Isotopic and trace-element compositions of Lathrop Wells Basalts determined by solid-source mass spectrometry

Sample LWS0FVP LWSIFVP LWISFVP LWIGFVP

Unit Qs3 Qs3 Qsdc Qsdc
Rb 20.62 20.59 19.57 19.64
Sr 1375 1361 1321 1321
"sr/*sr 0707024 0707022 0.707062 0.707062
Smi 11.89 11.84 1143 11.39
Nd . 25.97 85.80 82.90 22.88
ONA NG 0512126 0512138 0512120 0.512132
Ena -9.99 9.75 -10.10 -9.87
Pb 149 13.1 124 112
%ph%ph 38032 38288 38.269 . 38.33
MphA%ph 15486 1554 1552 15537 ‘ 3

6 %ph 18.17 18.522 18.332 18.349




Table 5. Replicate solid-source mass spectroscopy analyses of LW41FVP

Sample Rb St UseSr Sm Nd '"NdMNd €y  Pb 'pb™pb Mpppy Mpppy
LWA4IFVP 2047 139500 0707011 121 873 0512125 -1001 108 38222 15505 18312
LWI3FVP 19.54 138000 0.707042 120 87.1 0512125 -1001 108 38231 1551 18322
DP3IFVP 20.50 1407.00 0707018 120 872 0512118 -10.14 107 38282 15524 18335
DPAFVP 20.50 141200 0707002 119 872 0512134 -9.83 108 38320 15538 18343
DPSFVP 2020 1398.00 0.707013 12.1 869 0512127 -997 100 38217  15.504 1833
DPSFVP 2020 1407.00 0.707007 120 866 0512132 -987 105 3824 15511 18328
Mean 2024 1399.83 0.707016 12.01 87.04 0.512127 -9.97 1059 38254 15505 13328
Standard Deviation 037 1158 0000014 006 026 0000006 0.1 034 0.044 0.013 0.011
Percent Standard 1.828 0827 0002 0479 0.296 0.001 111 3.166 0.114 0.085 0.058
Deviation (100-s/menan) '

Page 1




LR I

Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Qlid

Point  Iw2lfvp_f1sb Iw21fvp_¥la tw21fvp_fla Tw2ifvp #1a Iw21fvp_#1a Iw2ifvp_fflalw2ifvp_#lae Iw21fvp_#1bb Iw21fvp_#11b Iw2ifvp_#1b

Si0, 38.04 18.80
MgO 36.91 40.19
FeO 24.46 20.70
C20 0.19 0.14
MnO 0.35 0.30
NiO 0.13 0.29
TOTAL 100.08 100.42

Cations based on 4 oxygens

i 1.00 1.00
Mg 1.45 154
Fo ' 0.54 0.45
Ca 0.01 0.00
Mn 0.01 0.01
Ni 0.00 0.01
Fo 281 7148 .
Fa 27.06 2239

3826
38.85
22.04
0.15
0.32
0.16
99.76

1.00
1.51
0.48
0.00
0.01

0.00.

75.75

24.11

37.99
38.75
2235
0.13
0.29
0.18
99.69

0.99
1.51

0.49

0.00
0.01

0.00

7545
2441

38.26
39.21
21.78
0.13
0.31
0.21
99.90

1.00
1.52
047
10.00
0.01
0.00
76.11
23.73

Page1. .

38.09
40.09
20.96
0.13
0.28
0.25
99.79

0.99
1.55
0.46
0.00
0.01
0.01

77.22
22.65

37.96
39.73
21.32
0.17
0.30
0.23
99.70

0.99
1.54
0.46
0.01
0.01
0.01

76.80
23.12

38.16

39.74.

21.00
0.16
0.26
0.24

99.56

0.99
1.54
0.46
0.00
0.01
0.01

71.08
22.85

38.00
39.98
20.59
0.14
0.32
0.27
99.29

0.99
1.55
0.45
0.00

- 0.01

0.01

77.46
2238

38.10
40.12
20.65
0.14 .
0.27
0.23
99.50

0.99
1.56
0.45
0.00
0.01
0.01

71.51
2239




Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW2IFVP of Ql1d

Iw2ifvp_tlbe lw2lfvp_#2b Iw2lfvp_#2 Iw21fvp_#2 Iw21fvp_#2 Iw21fvp_#2 Iw21fvp_#2 Iw2ifvp_#2e Iw2lfvp_3b Iw2ifvp_3 Iw2lfvp_3 Iw2lfvp 3

37.62
39.17
21.57
0.19
0.28
0.16
98.98

0.99
1.53
0.47
0.01
0.01
0.00

76317
23.59

37.64
38.18
23.24
0.25
0.30
0.05
99.68

0.99
1.50
- 0.51
0.0t
0.0t
0.00

74.55
25.46

37.73
40.02
21.16
0.13
0.25
0.23
99.51

0.98
1.56
0.46
0.00
0.01
0.01

- 71.05

22.86

38.08
40.24
20.59
0.12
0.27
0.23

99.53

0.99

- 1.56

045
0.00
0.01
0.01

71.60

2227

38.62
4043
2099
0.14
0.33
0.24
100.75

0.99
1.55
045
0.00
0.01
0.01

71.30
22.52

38.26
40.10
20.94
0.14
0.29
0.26
100.01

0.99

155 .

0.45
0.00
0.01
0.01

7124
22.63

Page 2.

38.17
39.97
21.08
0.14
0.32
0.22

99.90

0.99
1.55
0.46
0.00
0.01
0.01

77.05
22.80

37.63
38.27
22.90
0.19
0.34
0.16
99.48

0.99
1.50
0.50
0.01
0.01
0.00

74.78
25.10

35.92
32.51
29.51
0.29
0.55
0.04
98.82

0.99
1.33
0.68
0.01
0.01
0.00

66.11
33.68

37.81
40.34
20.82

0.14

0.23

0.31
99.64

0.98
1.56
045
0.00
0.01
0.01

71.50
22.44

3741
40.35
20.92
0.12
0.26
0.29
99.36

0.98
1.57
0.46
0.00}
0.01
0.01

71317

- 22,51

37406
40.15
20.61
0.13
0.26
0.26
98.86

0.98
1.57
045
0.060
0.01
0.01

717.55
234
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Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Ql1d

w21fvp_3 Iw2lfvp 3 Iw2ifvp_3e Iw2ifvp_#dab Iw2ifvp_#4a Iw21fvp_#4a Iw21fvp_#4a Iw2lfvp #4a Iw21fvp_#4a Iw2lfvp_#4ae lw2|firp_#4bb

37.19
39.97
20.39
0.14
0.26
0.28
98.23

0.98
1.57
0.45
0.00
0.01
0.01

77.68

223

37.03
39.64
21.28
0.17
0.30
0.22
98.63

0.98
1.56
0.47
0.01
0.01

0.01_

76.78
23.13

36.80
38.96
2171
0.17
0.31
0.11
98.06

0.98
1.55
0.48
0.01
0.01
0.00

76.10

23.79

3732
38.07
23.02
0.26
0.36
0.12
99.15

0.99
1.50
0.51
0.01
0.01
0.00

74.64
2533

37.60
40.06
20.73
0.15
0.28
0.21

99.04

0.98
1.56
0.45
0.00
0.01
0.00

7743
247

37.81
39.47
21.53
0.16
0.26
0.19
99.42

0.99
1.54
047
0.00
0.01
0.00

7652
23.42
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37.13
3940
21.26
0.15
0.28
0.18
98.99

0.99
1.54
047
0.00

001
- 0.00

76.68
23.22

37.66
39.58
21.39
0.14
0.33
022
99.32

0.99

1.54

0.47
0.00
0.01
0.01

76.61

2322

37.89
40.05
20.62
0.12
0.26
0.22
99.16

0.99
1.56
0.45
0.00
0.01
0.01

71.50
2239

37.81
40.12
20.14
0.15
0.33
0.16
98.70

0.99
1.57
0.44
0.00
0.01
0.00

7791
2194

38.19
40.29
20.72
0.12
0.28
0.20
99.80

0.99
1.56
0.45
| 0.00
0.01
0.00

71.50

22.36




Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Ql1d

Iw21fvp_#db Iw2lfvp_#4b Iw2ifvp_#dbe Iw2lfvp_#5ab Iw2ifvp_#5a Iw2lfvp_#5a |w2lfvp_#5a lw2lfvp_#5a Iw2lfvp _#5a Iw2lifvp #Sae Iw2lfvp_ti6b

38.08 3823 36.36 37.88 3819 38.35 3827 3828 38.24 38.00 3697
40.38 4021 34.10 39.35 39.72 39.98 39.68 39.82 39.97 - 3841 34.98
20.57 20.68 27.65 21.79 20.96 21.60 21.52 2158 . 2122 22.94 26.54
“0.15 0.14 048 021 0.17 0.13 0.13 0.13 0.12 0.17 0.25
027 025 0.44 032 029 025 023 026 0.30 0.34 040
027 023 0.15 007 0.18 029 0.16 0.26 024 0.1 0.12
99.72 99.75 99.17 99.61 99.50 -  100.60 100.00 100.33 100.08 99.95 99.25
0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
1.56 1.55 1.38 153 1.54 1.54 154 1.54 1.54 1.50 1.40
045 045 063 048 046 047 047 047 046 0.50 0.60
0.00 0.00 0.01 001 o001 0.00 0.00 000  0.00 0.01} 0.01
0.01 0.01 0.01 0.01 001 .. . 001 001 0.01 0.01 0.01 0.01
0.01 001 000 ., . 000 000 001 000 0.01 001 000 0.00
7nmn 7154 6886 - 1625 77.09 16.67 7661 - 7660 1692 7480 7007
221 237 3133 269 . 282 2324 2331 2329 292 2506 © 2984

- .,Page4 .
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Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Ql1d

Iw2ifvp #6 Iw21fvp_#6 IWZITVp_#S Iw21fvp_ti6e Iw2lfvp_Ta IWZIpr_h Iw2ifvp_7a Iw2lfvp_7a Iw2lifvp_7a Iw2lfvp_7b Iw2ifvp 7b Iw2lfvp_T7b

38.20
39.85
21.06
0.14
0.23
0.27
99.75

0.99
1.54
0.46
0.00
0.01
0.01

77.09 -

22.86

37.54
39.96
20.89
0.12
0.29

022

99.00

0.98
1.56
0.46

0.00

0.01

0.01

7120
22.64

38.15
40.27
2097
0.15
0.27
0.23

100.04°

0.99 -

1.56
0.45
0.00
0.01
0.01

7132
2259

37.83
37.93
23.43
0.20
0.34
0.19
99.91

0.99
1.48
- 0.51
0.01
0.01
0.00

74.19
2572

37.61
37.39
23.52
0.25
0.33
0.14
99.25

0.99
1.47
0.52
0.01
0.01
0.00

7391

- 26.08

38.16
40.26
21.20
0.16
0.23
0.21
100.22

0.99
1.55
0.46
0.01
0.01
0.00

77.18
22.80

38.10
40.36
2113
0.16
0.24
0.20
100.18

.0.99
- 1.56
0.46
0.00
10.01
0.00

7126

270

" Page5

38.24
40.14
21.12
0.12
0.26
0.23
100.11

0.99
1.55
0.46
0.00
0.01
0.01

77.11
2.1

3825
40.24
20.89
0.13
0.23
0.23
99.98

- 0.99
1.55
0.45
0.00
0.01
0.01

71.39

2254 -

3833
40.20
21.25
0.18
0.30
0.21
100.46

0.99
1.55
0.46
0.01
0.01
0.00

- 71.06

22.85

38.26
40.24
21.01
0.13
0.27
0.28
100.19

0.99
1.55
0.45
0.00
0.01
0.01

- 7.26

22,63

38.20
40.07
2093
0.15
0.21
0.23
99.79

0.99
1.55
0.45
0.00
0.01
0.01

7732

.22.66




Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Qlld

w21fvp_7b Iw21fvp_8b Iw2ifvp_8 Iw21fvp 8 lw2lfvp_8 Iw2ifvp_8 Iw2lfvp_8e Iw2lfvp 9b Iw2lfvp 9 Iw2lfvp_ 9 Iw2lfvp 9e Iw2ifvp_9ab

3830
39.98
21.17
0.16
0.24
0.24
100.07

0.99
1.54
0.46
0.00
0.01
0.01

17,06
2290

372.56
39.80
2147
0.15
0.25
0.26
99.49

0.98
1.55
0.47
0.00
0.01
0.01

76.71
2322

3747
39.09
22.14
0.16
0.30
0.21
99.37

0.98
1.53
0.49
0.00
0.01
0.00

75.80
24.09

32.37
39.25
22.12
0.10
029
0.14
9927

0.98

154

049
0.00
0.01

0.00

75.84

23.98

37.52 37.61 35.61 37.68

39.57 39.40 31.69 39.86
21.52 21.66 30.64 21.00
0.15 0.17 0.35 0.16
0.29 0.32 0.58 028
0.28 021 0.03 030
99.33 99.38 98.90 9928
0.98 0.99 0.98 0.99
1.55 1.54 1.30 1.55
0.47 048 0.71 046
0.00 0.0t 0.01 0.01
001 . 0.1 0.01 - 0.01
001 000 0.00 - 0.01
- 76.53 7633 6472 7113

2335 23.55 3512 . 27

Pagﬁ 6

3744
40.00
21.08
0.13
0.27
0.25

99.17

0.98
1.56
0.46

0.00 -

0.01
0.01

71.10

22.79

37.62
40.10
20.71
0.12
0.25
0.27
99.06

0.98
1.56
0.45
0.00
0.01
0.01

77.46
22.44

31.57
40.10
20.93
0.15
0.29
0.25

99.29

0.98
1.56
0.46
0.00
0.01
0.01

. 7126

22,62

3725
38.15
22.86
0.25
0.37
0.10
98.97

099"
1.51
0.51
d.01
0.01
0.00

74.80
25.15




L3

Table 6. Composition of olivine phenocrysts and groundmaés (gm) from LW21FVP of Ql1d

Iw21fvp_9a Iw2lfvp 9a lw2lfvp 92 Iw21fvp_9a

31.78
39.69
2131
0.15
0.22
0.21
99.36

0.99
1.55
047
0.00

001

0.00

76.83
23.14

37.64
39.70
21.05
0.15
0.26
0.21
99.01

0.99
1.55
0.46
0.00
0.01
0.00

71.01
2291

37.53
40.13
21.26
0.15
0.29
0.18
99.54

0.98
1.56
0.46
0.00
0.01
0.00

717.01
22.89

3743
39.94
21.09
0.15
0.26
0.20
99.07

0.98
1.56
0.46

1 0.00
0.01
0.00

77.08

22,84

37.55
39.89
21.34
0.20
0.27
0.21
99.45

0.98
155
047
0.01
0.01
0.00

76.90
23.08

37.87
3841
2.7
0.42
033
0.07
99.85

0.99
1.50
0.50
0.01

- 0.01

- 0.00

7520
25.02

3845
39.92
2131
0.17
0.27
0.16
100.27

0.99
1.54
0.46
0.01

©0.01

0.00

76.90
23.04

38.26
39.92
21.46
0.16
0.29
0.20
100.29

0.99
1.54
0.47
0.00
0.01
0.00

76.75

23.15

38.24
39.81
21.28
0.15
0.28
0.16
99.92

0.99
1.54
0.46
0.00

0.01.

0.00

76.84

23.05

3743
35.52
26.02
0.24
0.53
0.14
99.88

1.00
1.41
0.58
0.01
0.01
0.00

70.69

29.05

Iw2fvp_One Iw21fvp_#12b Iw21fvp_H12 Iw21fvp 12 Iw2ifvp_#12 Iw21fvp_#12e Iw21fvp #14b

37.87
3791
23.90
0.19
0.32
0.11
100.30

0.99
1.48
0.52

I 0.01

0.0t
0.00

73.81
26.11




Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Ql1d

Ww2lfvp_#14 Ww21fvp_#14 w21fvp_#lde Iw21vp_#13a lw2ifvp_#13a Iw21fvp_#13bb lw21fvp_#13b Iw21fvp_#13be Iw21fvp #ldab Iw21fvp_H1dae

38.79
38.49
21.58
022
0.31
0.12
99.51

1.01
149
. 047
0.01
0.01
0.00

76.05
23.92

3841
39.18
2198
0.22
0.31
0.12
100.22

1.00
1.52
048
0.01
0.01
0.00

. 76.03
23.93

37.45
35.94
25.31

0.26

0.43.

0.10
99.49

100
143

0.56

001

0.01
0.00

71.59
2829

gm
35.73
30.99
30.09
117

0.60

0.02
98.59

0.99
128

070

0.04
0.01

0.00

65.42
35.64

gm
36.55
32.4
2941
0.36
0.62
0.02
99.11

1.00
131
0.67
0.01

0.01 -
0.00

65.95
33.86

gm
35.86
29.15
32.89
0.34
0.66
0.01
98.92

. 1.00
121

0.77

0.01
0.02

0.00 -

61.07
38.66

Page 8

gm
3592
3142
30.32
0.73
0.58
0.08
99.06

0.99
129
0.70

0.02

0.01
0.00

65.14
3526

gm
35.23
2825
3297
129
0.61
0.00

98.34 -

0.99
119
0.78
0.04
0.02
0.00

61.19

4006

em
36.713
35.15
25.71
0.70
045
0.05
98.85

0.99
141
0.58
0.02
0.01
0.00

71.21
29.29

gm

36.80
35.80
25.04

0.92
-0.43

0.07
99.06

0.99
143
0.56
0.03

0,01

0.00

T2.42
2842
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Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21FVP of Ql1d

Iw21fvp_#14a Iw21fvp_#14bb Iw21fvp_#14b 1w21fvp_#1dba

gm
3147
3543
25.97
0.38
0.43
0.04
99.70

1.00
1.41
0.58
0.01
0.0}
0.00

7091
29.16

gm
35.34
27.81
33.93
0.45
0.74
0.04
98.32

1.00
1.17
0.80
0.01
0.02
0.00

59.24
40.56

gm
35.54
28.17
33.87
0.63
- 0.80

0.03.

99.04

1.00
1.18
0.79
0.02
0.02
0.00

591
40.28

gm
35.26
27.80
3474
0.44
0.80
0.01
99.05

0.99
117
0.82
0.01
0.02
0.00

58.61
41.10
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Table 7. Composition of olivine phenocrysts from LW73FVP of Ql1b

Point IwT3fvp_#1b 1w73fvp_#1 Iw73fvp_#1 Iw73fvp_#1 w73fvp_Hle IWT3fvp_#3b IwT3fvp_fi3 Iw73fvp_#3

Si0, ' 37.52 3720
MgO 38.69 39.81
FeO 2249 2132
Cs0 0.16 0.18
MnO 0.37 0.31
NiO 0.16 0.13
TOTAL 99.39 98.94

Cations based on 4 oxygens

Si 0.99 0.98
Mg 1.52 1.56
Fe 050 . 047
Ca 0.00 0.01
Mn ! 001 - 001
Ni “ 0.00 0.00
Fo 75.26 76.82 .
Fa : 24.55 23.08

37.80
39.69
21.57
0.17

023

0.13
99,65

0.99
1.54
0.47
0.01
0.01
0.00

76.62

2336

31.713
39.19
22.14
0.18
0.30
0.17
99.72

0.99
1.53
0.48
0.01
0.01

75.87
24.05

0.00

37.04
37.56
23.56
0.18
037
0.16
98.87

0.99
1.49
0.52
0.01
0.01
0.00

73.86°
2599 ¢

Page1

35.92
36.80
24.95
0.20
0.41
0.04
98.31

0.97
1.48
0.56
0.01
0.01

0.00

31
2151

36.56
39.66
21.72
0.15
0.24
0.19
98.52

0.97
1.57
048
0.00
0.01
0.00

76.45

2349

36.89
40.20
21.16

0.15

0.30 .

0.24

' 98.94

0.97

158

047
0.00
0.01

0.01

77.10
22,78

Iw73fvp_#3 1w73fvp_#3e

37.99
4022
21.60
0.16
0.36
021
100.53

0.98
1.55

047 -
0.00

0.01

0.00

76.71
23.11

35.50
34,99
25.99
0.34
0.43
0.13
97.88

0.97
143
0.59
0.03!
0.01
0.00

71.10
29.64




Table 7. Composition of olivine phenocrysts from LW73FVP of Ql1b

Iw73fvp_fidb Iw73ivp_#4 Iw73fvp_#4 Iw73fvp_#4 lw73fvp_#ide Iw73fvp_#5b IwT3ivp_#S Iw73fvp_H#S Iw73fvp_#5 Iw73fvp_iiSe lw73fvp_#6

37.60
37.61
24.14
0.21
041
0.22
100.19

0.99
147
0.53
0.01
0.01
0.01

7340
2644

38.14
39.74
2121
0.13
0.27
0.23
99.713

0.99
1.54
0.46
0.00
0.01
0.01

76.87
23.01

37.34
40.50
21.17
0.13
023
0.19
99.56

0.98

1.58

046
0.00
0.01

0.00

7121
22.66

37.20
3931
2231
0.15
0.34
023
'99.55

0.98
1.54

- 049
0,00
0.01
-0.01

75.712
24.12

36.10 37.05 37.12 37.12 37.86 3n 37.79
35.60 3744 39.75 39.46 3944 36.61 4031
26.30 24.03 21.92 21.91 22.19 25.60 21.25
0.28 0.20 0.15 0.15 0.15 0.19 0.19
041 0.32 0.30 031 0.34 0.40 0.23
0.08 0.22 0.30 0.19 0.16 . 006 0.10
98.77 99.26 99.54 99.14 100.15 100.03 99.87
0.98 0.98 0.97 0.98 0.99 0.99 0.98
1.43 148 ~ L5S 1.55 1.53 145 1.56
- 0.59 0.53 0.48 0.48 0.48 0.57 - 046
0.01 0.01 0.00 0.00 0.00 0.01 . 0j01
0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.00 0.01 0.01 0.00 0.00 0.00 0.00
70.66 1346 76.28 76.14 75.88 71.69 77.18

12928 *26.46 23.60 23.73 23.96 28.13 22.83

vo * |.'>. Ragez f




Table 7. Composition of olivine plienocrysts from LW73FVP of Ql1b

Iw73fvp_#6 w73fvp_#6 Iw73fvp_#6 Iw73fvp_H#6 IwT3fvp_H6e

- 3851
39.82
21.76

0.19
0.24

0.03

100.55

0.99
1.53
0.47
0.01
0.01
0.00

76.53
23.46

38.14
40,15
21.58
0.20
0.26
0.05
100.37

0.99
1.55
0.47
0.01
0.01
0.00

76.83
23.17

3820
40.65
21.35
0.20
0.24
0.05
100.69

0.98

1.56

0.46
0.01
0.01
0.00

71.24
2.1

3794
4043
21.20
0.19
0.22
0.02
99.99

098
1.56
0.46
0.01
0.01
0.00

7129
2274

37.69
38.713
22.68
0.15
0.31
0.17
99.73

0.99
1.51
0.50
0.00
0.01
0.00

75.18
24.69
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Point

Sio,
MgO
FeO
Ca0
MnO

‘NiO
TOTAL

Cations based on 4 oxygens

Si
Mg
Fe
Ca
Mn
Ni

Fo
Fa

Table 8. Composition of olivine phenocrysts from LW40FVP of QI2a

Iwd0fvpiia twdOfvp1b Iw40fvpHic Iw4OfvpHid IwdOfvpi2b Iw4OfvpH2 IwAOfvpH2 twdOfvpH2 IwdOfvpi2e IwAOfvpfida twdOfvpHab

38.11
40.32
20.89
0.12
0.23
0.30
99.97

0.99
1.56
0.45
0.00
0.01

0.01

71.42
22.50

38.12
40.56
21.04
0.12
0.21
0.32
100.36

0.99
1.56
0.46
0.00
0.01
0.01

7740
22.53

37.95
40.38
20.75
0.14
0.27
0.13
99.61

0.99

156

0.45
0.00

0.01

0.00

71.54
2235

37.01
36.92
2491
0.23
0.36
0.16
99.59

0.98
1.46
0.55
0.01
0.01
0.00

72.49
27.44

37.11
36.45
2532
0.27
0.38
0.10
99.62

0.99
1.45
0.56

0.01 -

0.01
0.00

71.92
28.04

37.99
40.53
21.08
0.11
0.24
0.23
100.18

0.98

1.56 .

0.46
0.00
0.01

0.01

7732
2256

. ... Page1

37.94
39.17
21.69
0.1
0.30
0.33
99.54

0.99
1.53
0.47
0.00 -
0.01

001

76.16
23.66

37.83
39.98
21.93
0.09
0.26
0.20

100.29

0.98
1.55
0.48
0.00
0.01
0.00

7634
23.50

37.32
37.23
24.53
0.22
0.32
0.10
99.72

0.99
1.47
0.54
0.01
0.01
0.00

7297
2698

3688

36.29
26.17
0.26
043
0.04

100.07

0.98
1.44
0.58
0.01
0.01
0.00

.11
28.77

37.99
40.76
20.29
0.14
0.26
0.20
99.63

0.99
1.58
0.44
0.00 |
0.01
0.00

78.10
21.81




Table 8. Composition of olivine phenocrysts from LW40FVP of QI2a

IwdOfvpitdc IwdOfvpidd Iw40fvpilde IwdOfvpid4l lwdOfvpidg I1w4Ofvphdh IwdOfvpiSh 1w4Ofvp#S Iwd0fvplS Iw40fvpiS Iwd0fvpiS Iwd0fvp#S IwdOfvphSe

38.20 38.36 38.04 38.25 38.31 36.95 3748 37.88 37.85 38.03 38.05 RN 37.14
40.99 40.58 41.02 40.98 40.76 3529 38.18 40.57 40.14 40.55 41.02 40.83 38.53
19.97 21.03 20.52 20.07 2043 26.98 23.30 20.83 21.18 21.00 20.53 20.16 2343

0.15 016 0.13 - 0.4 0.12 0.28 0.14 0.15 0.15 0.14 0.13 0.1 0.16
0.23 0.29 0.22 0.29 0.27 045 0.33 0.25 0.22 0.26 0.23 0.27 0.34
0.20 0.22 0.22 030 0.25 0.07 0.15 0.24 0.28 0.34 0.21 0.21 0.13

99.74 100.63 100.16 100.03 100.13 100.01 - 99.58 99.92 99.82 100.32 100.16 100.30 99.72

0.99 0.99 0.98 0.99 0.99 0.99 099 098 0.98 0.98 0.98 1.00 0.98
1.58 1.56 158 158 1.57 141 1.50 1.57 156 1.56 1.58 1.56 . 1.51°
0.43 045 0.44 043 0.44 0.60 0.1 045 046 045 0.44 0.43 0.52
0.00 0.00 0.00 0.00 0.00 001 . 0.00 0.00 0.00 0.00 0.00 000 | o001 -
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.00 - 0.01 0.01 0.01 0.01 .0.00 000 . 001 0.01 0.01 0.00 0.00 0.00

7849 7740 7803 7834 7796 6991 - 7437 7159 7113 7742 7802 789 74.45
21.45 22.51 2191 2153 2192 2998 25.46 2235 2283 2250 2190  21.67 25.40

Page 2
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Table 8. Composition of olivine phcriocrysts from LW40FVP of Ql2a

lwd0fvph6a lwaOfvpliGb waOfvph6e IwaOfvpfied lwdOfvpliGe

36.67
34.90
2112
0.30
0.45
0,08

*100.13

0.98
1.39
0.62
0.01
0.01
0.00

69.12
© 30.80

36.86
35.54
26.28
024
0.45
0.08
99.44

0.99
1.42
0.59
0.01
0.01
0.00

70.56
2027

3s.10
40.65
20.48
0.12
0.27
0.26
99.87

0.99
1.57
0.44
0.00
0.01
0.01

7187
22,01

38.20
40.59
20.53
0.15
0.24
0.25
99.96

0.99
1.57
0.44
0.00
0.01
0.01

77.86
22,09

37.09
36.08
25.83
. 026
0.43
0.11
99.79

0.99
143
0.58
0.01
0.01
0.00

.27
28.62

Page 3
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Table 9. Composition of olivine phenocrysts from LW135FVP of Qs2fs

Point  IwI35_1b Iwi35_1 Iwi35_1 Iwl35_1 Iwi35_1 Iwi3S_1 Iwi35_1 Iwi3S_1 Iwl35_1 IwI35_1 Iwl35_1 1w135_le w135 _dab

Si0, 3831 38.59
Cr,O, 0.00 0.01
FeO 21.94 21.54
MgO 39.42 39.59
MnO 0.38 0.27
Ca0 0.18 0.15
NiO 0.16 0.25

TOTAL 10039 10039

Cations based on 4 oxygens

Si ‘ 0.99 1.00
Cr 0.00 0.00
Fe - 0.48 0.47
Mg 1.52 1.53
Mn ' 0.01 0.01 -
Ca 0.01 0.00
Ni 0.00 0.01
Fo 76.07 76.55
Fa 23.76 2337

38.34
0.01
21.87
39.74
0.31
0.14
0.22
100.63

0.99
0.00
047

1.53 -

0.01
0.00
0.01

76.29
23.56

38.38
0.05
21.87
39.56
030
0.13
0.26

100.54

099

0.00
0.47

153
0.01 -

0.00
0.01

76.21
23.64

39.05
0.03
21.80
39.57
0.27
0.13
0.25

1oL11

1.00

000
047 °

151
0,01
0.00
0.01

76.30
23.59

38.31
0.02
22.03

39,50

0.30
0.15
0.08
100.38

. 099
0.00
0.48
1.53

- 001
0.00

" 0.00

76.07
23.81

38.18
0.00
22.18
39.73
0.29
0.16
0.22
100.76

0.99
0.00
. 048
1.53
0.01
0.00
0.01

76.08
23.83

Page 1

38.57
0.01
2207
39.51
0.31
0.14
0.21
100.82

'1.00
0.00
0.48
1.52
0.01
0.00
0.00

- 76.03
23.83

3844
0.01
21.90
39N
0.27
0.13
0.19
'100.65

0.99
0.00
0.47
'1.53
*0.01
0.00
0.00

76.27
23.61

38.41
0.00
21.05
3931
0.29
0.17
0.18
99.40

1.00
0.00
0.46
1.53
0.01
0.01
0.00

76.84

23.08

38.32
0.00
21.52
39.71
0.30
0.17
0.19
100.21

0.99
0.00

047

1.53
0.01

001

0.00

76.61
23.29

38.14
0.01
22.56
39.26
0.40
0.15
0.13
100.65

0.99

0.00 -

0.49
1.52
0.01
0.00
0.00

75.44
24.33

38.05
0.00
21.00
39.28
0.31
0.20
0.04
98.87

1.00
0.00
.46
1.53
0.01
0.01
0.00

76.87
23.06




Table 9. Composition of olivine phenocrysts from LWI35FVP of Qs2fs

Iwl35_4a Iwl35_da Iwl135_da Iwl35_4a Iwl35_da Iwl35 da Iwl135_da Iwl35_da 1wi35_da Iwl35_dae Iw135_Sb 1wli35_5 Iwl35_5

38.39
0.01
20.69
39.96
0.27
0.17
0.22
99.70

1.00
0.00
0.45
1.55
0.01
0.01
0.01

7744
22.50

38.26
0.01
20.52
39.89
0.32
0.14
0.17
99.30

1.00
0.00
0.45
1.55
0.01
0.00
-0.00

77.49
2236

38.713
0.02

20.88 .

39.95
0.28
0.13
0.24

100.24

- 1.00

- 0.00

0.45
1.54
0.01
0.00

- 001

77.22
22.65

38.92

0.02

20.83
40.13
0.24
0.13
0.20
-100.48

1.00
0.00
045
1.54
0.01
0.00
0.00

7139
22.54

38.65
0.00
20.85
40.01
0.24
0.15
0.17
100.07

1.00
0.00
0.45
1.54
0.01
0.00
0.00

77.33
22,61

3827 . 38.09
0.00 0.14
20.69 21.34
38.92 39.87
022 0.22
0.15 0.14
026 " 0.19
98.50 99.99 -
1.01 0.99
0.00 0.00
045 0.46
152 1.54
001 0.0l
000 - 0.00
001 T 000
71.00 76.87

2297 23.09

| ;7. Pagez

38.01
0.02
20.72
40.09
0.31
0.13
0.23
99.52

0.99

0.00 -

045

1.56 .

0.01

0.00 .
001

7140
2245

38.13

0.01

20.86
3991
0.27
0.17
0.18
99.53

0.99
0.00
0.45
1.55
0.01
0.01
-0.00

7128
22.67

38.31
0.02
21.14
39.33
0.28
0.17
0.11
99.34

100

0.00
0.46
1.53
0.01

- 0,01

0.00

76.77
23.16

38.52
0.00
20.53
40.14
0.22
0.16
0.19
99.76

1.00
0.00
0.44
1.55
0.01
-0.00

- 0.00

7168

22.29

38.63
0.00
20.64
40.05
0.30
0.15
0.20
99.97

1.00

- 0.00

045
1.54
0.01

- 0.00

0.00

7748

2240

38.36
0.01
20.51
39.97
0.26
0.16
0.19:
99.46

1.00
0.00
b.4s
1.55
0.01

0.00
0.00

77.59
22.34
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Table 9; Composition of olivine phenocrysts from LW135FVP of Qs2fs

Iwi135_5 Iwl35_5 Iwl35_5 Iwi35_5 Iwl3s5_S Iw13s_5 Iwi35_5 Iwi35_5 Iwl35_Se

38.40
0.00
20.24
40.14
0.25
0.14
0.22
99.39

1.00
0.00
0.44
1.55
0.01
0.00
0.01

77.89

22.04

38.46
0.01
20.33
39.96
0.25
0.15
0.18

99.34

1.00
0.00
0.44
1.55
0.01
0.00
0.00

ANES
22.19

38.48
0.01
20.56
40.01
0.23
0.16
'0.23
99.69

1.00
0.00
0.45
1.55
0.01
0.00
0.01

77.60
2237

38.46
0.02
20.12
40.00
0.21
0.16
0.24
99.21

1.00
0.00
0.44
1.55
0.01
0.01
0.01

71.99
22.01

38.50
0.04
20.57
39.96
027
0.14
0.12
99.61

1.00
0.00
0.45
1.54
0.01
0.00
0.00

71.51
2239

38.30

0.00
2037
39.91
028
, 0.17

023
99.26

1.00
0.00
0.44
1.55
0.01
0.01
0.01

77.69
22.24

38.63
0.00
20.26
39.81
0.28
0.14
0.27
99.39

1.00
0.00
0.44
1.54
0.01
0.00
0.01

77.70
22.19

3842
0.00
20.57
39.95
0.24
0.18
0.24
99.60

1.00
0.00
0.45
1.55
0.01
0.01
0.01

71.57
2241

Page 3

38.39
0.01
20.20
39.59
0.24
0.16
0.14
98.73

1.00
0.00
0.44
1.54
0.01
0.00
0.00

71.70
22.25
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Table 10. Composition of olivine phenocrysts from LW61FVP of QI3

Point Iw61fvp_#1a Iw6lfvp_#1b Iw6lfvp_#lc Iw6lfvp_#id Iw6ifvp_te Iw6lfvp #If Iw61fvp_#1g lw6ifvp_#2a Iw61fvp #2b Iw61fvp_#2c

Si0, 37.13 38.13
MgO 36.62 40.85
FeO 25.00 20.27
Ca0 oo 0.11
MnO 0.41 0.28
NiO . 0.09 0.21
TOTAL 99.42 99.86

Cations based on 4 oxygens

i 0.99 0.99
Mg -~ 145 1.58
Fe 056 044
Ca 0.01 0.00
Mn ‘ 001 - o001
Ni | 0.00 0.00
Fo 7215 1811
Fa 27.64 21.75

38.11
40.97
20.33
0.14
0.25
0.21

100.00- -

0.99
1.58
0.44
0.00
0.01
0.00

78.17 -

21.76

38.07
40.91
20.14
0.13
0.32
0.24
99.81

0.99
1.58

044 -

0.00
0.01
0.01

78.22.

21.61

38.35

- 40.88

20.22
0.12
0.26
0.25

.100.07

0.99
1.57
0.44
0.00
0.01

0.01 -

78.19
21.70 :

Page1

36.97
36.08
2633
0.23
0.40
0.10
100.11

0.98
1.43
0.59
0.01
0.01

0.00

70.86

29.01

36.96
35.66
26.51
0.28
0.42
0.11
99.93

0.99
1.42
0.59
0.01
0.01

0.00

70.51
29.42

37.15
36.44
25.44
0.22
0.43
0.09
99.77

0.99
1.44
0.57
0.0t
0.01
0.00

71.74

28.11

38.10
41.14
20.30
0.11
0.27
0.22
100.14

0.98
1.58
0.44
0.00
0.01
0.01

7820

21.66

38.18
41.02
20.33
0.14
0.29
0.20
100.15

0.99
1.58
0.44

| 0.00

0.01
0.00

78.14
21.13




Table 10. Composition of olivine phenocrysts from LWG1FVP of QI3

Iw61fvp_-#2d Iw61fvp_ii2e Iw6lfvp_#2f Iw6lfvp_i2g Iw6lfvp_#2h Iw6lfvp_#2i Iw61fvp_#2j Iw6lfvp_#2k Iw6lfvp_#3a Iw61fvp_#3b lw6!fvp_#3c

38.39
40.80
20.30
0.16
0.31
0.30
100.26

0.99
1.57
0.44
0.00
0.01
0.01

78.09
21.80

38.24
40.53
21.23
0.14
0.29
0.23
100.66

0.99
1.56
0.46
0.00
0.01
0.01

71.20
22.69

3167
38.04
23.36
0.18
0.36
0.13°
99.74

0.99
-1.49
0.51
0.01
0.01
0.00

74.27
25.59

38.15

- 40.95

2033
0.13
0.26
0.28

100:10

0.99
1.58
0.44
0.00
0.01
. 0.01

78.13

21.76 -

/AT

40.99
20.59
0.13
0.27
0.22
100.37

0.98
“1.58
0.44
0.00
0.01
0.01

7193
2196

38.12
40.79
20.56
0.13
0.24
0.28

* 100.11

0.99

- L§7 .

0.4
0.00
001
0.01

- 71.89
22.03

' Page 2

13817
40.32
21.09

0.12
0.28
024
100.22

0.99
- LSS
046
0.00
0.01
0,01

.21
2266

37.04
36.09
25.79
0.24
0.41

o.11

99.67

0.99
143
- 0.58
0.01
0.01
0.00

"~ 7130
28.59

3743
36.11
25.98
0.24
0.39
0.13
100.27

0.99
143
0.58
0.01
0.01
0.00

71.17
28.73

38.23
40.60
20.84
0.16
0.27
0.20
10031

0.99
1.56
0.45
0.00
0.01
0.00

71.58
235

38.17
40.98
20.74
0.13
0.25
021
100.48

0.98
1.57
045
0.00
0.01
0.00

71.82
22.10
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Table 10. Composition of olivine phenocrysts from LW61FVP of Qi3

Iw61fvp_#3d Iw61fvp_#3e Iw6ifvp_fida Iw6ifvp_#4b Iw61fvp_#Ac Iw6lfvp_#4d 1w61fvp_#de Iw61fvp_#Af Iw61fvp_#4g Iw6lfvp_#4h lw61fvp_#4i

38.00
40.23
21.53
0.15
0.27
0.22
100.40

0.98
1.55
0.47
0.00
0.01
0.01

76.84

23.07

37.10
35.91
26.44
0.23
0.39
0.09
100.16

0.99
1.42

0.59

0.01
0.01
0.00

70.69
29.20

37.00
3621
26.46
0.25
0.43
0.06
100.40

0.98
1.43
0.59
0.01
0.01

0.00

70.83
29.04

38.04
4070
20.80
0.14
033
0.22

" 10023

0.98
1.57
0.45
0.00
0.01

0.00.

77.58

228

38.19
40.71
20.96
0.15
0.25
0.19
100.44

0.99
1.57
0.45
0.00
0.01
0.00

71.53
22.40

38.04
40.68
2081
0.12
031
025

100.20

0.98
1.57
0.45
0.00
0.01

0.01

757

2226

‘ Page 3

37.38
37.82
23.76

0.17

- 031

0.18
99.62

0.99
1.49
0.52
0.01
0.01

0.00

73.86

26.03

37.25
36.80
25.24
0.21
0.43
0.08
100.00

0.99
1.45
0.56
0.01
0.01

0.00

72.08
27.74

38.19
40.60
20.89
0.18
0.29
0.23
100.36

0.99
1.56
0.45
0.01
0.01

0.01

77.55
2239

38.14
40.55
20.96
0.14
0.26
0.20
100.24

0.99
1.56
0.45
0.00
0.01
0.00

77.45

2246

3743
37.28
24,87
0.18
0.36
0.24
10035

0.99
1.46
0.55
0.01
0.01
0.01

17.66
27.20




Table 10. Composition of olivine phenocrysts from LW61FVP of Ql3

IW61fvp_i4] Iw6ifvp_fidk IwG1fvp_#41 IwSlfvp_#dm Iw61fvp_dn Iw61fvp_HSa Iw6lfvp_tSb lLw6lfvp_#iSc w6lfvp_#sd Iw61fvp_#iSe Iw61fvp_#5€

37.93
40.13
2L.11
0.21
0.21
0.20
99.79

0.99
1.56
0.46
0.01
0.01
0.00

11.27
22.80

3691
34.82
27.21
0.28
0.47
0.07
99.75

0.99
1.39
0.61
0.01
0.01
0.00

69.43
30.44

37.90
39.86
21.73
0.15
032
0.15
100.12

0.99
1.54
- 047
- 0.00
0.01
0.00

76.47
2339

38.24
40.46
20.56
0.12
0.24
0.15
99.77

0.99
1.56
0.45
0.00
0.01
0.00
71.75
22.16

37.24
35.69
26.22
0.26
0.37
0.09

- 99.87

0.99
142
0.58
0.01
0.01
0.00

70.78
29.18

36.71
34.71
27.34
0.32
0.48
0.07
99.63

0.99
139
0.61
0.01
0.01
0.00

6929
30.62

Paged4

37.93
39.79
21.50
0.15
0.29
023
99.89

0.99

- 154
- 047

0.00
0.01
0.01

76.64
23.24

38.26
4036
21.17
0.14
0.32
0.19
100.42

0.99
1.55
0.46
0.00
0.01
0.00

71.14
22.70

37.52
3740
24.33
0.19
0.34
0.18
99.97

0.99
147
0.54
0.0t
0.01
0.00

7317
26.71

3647
34.95
27.20
0.28
0.46
0.05
9941

0.98
1.40
0.61
0.01
0.0t
0.00

69.52
3036

36.49
3540
26.86
0.26
0.41
0.01
99.43

0.98

142

0.60
0.01
0.01
0.00

7008

29.83
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Table 10. Composition of olivine phenocrysts from LW61FVP of QI3

Iw61fvp_#iSg Iw61fvp_H#Sh Iw61fvp #Si tw61fvp #Sj

38.04
41.27
20.11
0.13
0.26
0.20
100.01

0.98
1.59
0.43
0.00
0.01
0.00

78.45
2145

38.09
41.03
20.23
0.10
0.23
0.28
99.96

0.98
1.58
0.44
0.00
0.01
0.01

78.25
21.65

38.16
39.91
2143

0.16-
029

0.14
100.08

0.99
1.54
0.47
0.00
0.01
0.00

76.11
23.13

36.84
36.25
26.26
0.20
0.38
0.11
100.05

0.98
144
0.58
0.01
0.01
0.00

71.01
28.86

Page 5




Table 11. Composition of olivine phenocrysts from LWS0FVP of Qs3

Point Iw80fvp_rim_#1a IwBOfvp_core #1f 1w80fvp_core_#1e Iw80fvp_rim_#1d Iw80fvp_rim_#lc
Sio, 37.61 38.46 38.26 3832 38.22
MgO 39.712 40.46 40.44 40.22 40.63
FeO 2145 20.92 20.93 20.72 21.09
CaO 0.16 0.16 0.15 0.15 0.16
MnO 030 0.33 0.29 027 0.27
NiO 0.07 0.22 0.25 0.14 0.21
TOTAL 99.31 100.54 100.32 99.82 100.58

Cations based on 4 oxygens
Si

Mg

Fe

Ca

Mn

Ni

Fo
Fa

0.98
1.55
0.47
0.00
0.01
0.00

76.66
23.22

0.99
155
0.45
0.00
0.01
001

- 7140
2245

0.99
1.56
045
0.00

'0.01
0.01

7741
22.48

..Page 1

0.99
1.55

045

0.00
0.01
0.00

71.51
241

0.99
1.56
0.46
0.00
0.01
0.00

7738
22.54

Iw80fvp_rim_#2a Iw80fvp_core_#2e

38.58

4029

20.82
0.16
0.31
0.14

100.29

100
1.55
0.45
0.00
0.01
0.00

77.43
2245

38.25
40.08
21.92

- 0.13
033
0.20
100.91.

0.99
1.54
0.47
0.00 .
0.01
0.00

76.39
23.44




Table 11. Composition of olivine phenocrysts from LW8OFVP of Qs3

Iw80fvp_core_#2d Iw80fvp_rim_#2b 1w80fvp_rim_#2f Iw80fvp_core #2h Iw80fvp_core #2i Iw80fvp_rim_#2g Iw80fvp_rim_#3a lw80fvp_core_#3g

3727 37.57 37.89 3775 31.52 37.91 ' 37.96 38.45
40.16 40.40 40.25 39.68 39.34 39.63 40.66 41.02
21.13 21.10 21.26 22.14 2224 21.59 21.03 20.11
0.15 0.17 0.14 0.13 0.13 0.14 0.14 0.11
026 027 . 0.29 035 029 0.28 0.30 0.27
0.13 0.18 0.20 014 0.15 0.16 0.20 023
99.08 99.69 100.02 100.19 99.67 99.70 160.30 100.19
0.98 0.98 0.98 0.98 0.98 0.99 0.98 0.99
157 1.57 . 1.56 1.54 1.54 1.54 1.57 1.57
0.46 0.46 - 0.46 0.48 0.49 0.47 0.46 0.43
0.00 0.01 0.00 ’ 0.00 0.00 ' 0.00 0.00 | 000
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
715 7129 . 71.05 76.01 75.82 - 76.50 7140 7831

22.78 2265 22.83 23.719 24.04 23.38 2247 21.54

" Page2
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Table 11. Composition of olivine phenocrysts from LWSOFVP of Qs3

1w80fvp_core_#3e Iw80fvp_rim_#3d Iw80fvp_rim_#3c I1wB0fvp_rim_#4a I1w80fvp_core_#4d w80fvp_core_#4c IwB0fvp_rim_#4b Iw80fvp_rim_#5b

37.89

40.72
20.44
0.14
0.25
0.24
99.68

0.98
1.58
0.44
0.00
0.01

0.01

7195

21.96

38.54
40.62
20.82
0.16
. 0.29
0.14

100.57 .

0.99

1.56-
045 .

0.00

0.01 -
0.00

1159

2231

37.76
40.29
21.03
0.14
0.29
0.13
99.63

0.98
1.56
0.46
0.00

7725
262 -

0.01
0.00

3745
40.17
21.16
0.17
0.30
0.17
99.42

0.98
1.57
0.46 -
0.01
0.01
000

.11
2279

38.19
4091
20.44
0.11
0.23
0.22
100.10

0.99
1.57
0.44
0.00
0.01
0.01

78.03
21.87

38.32
40.98
20.45
0.13
0.24
0.22
100.35

0.99
1.57
0.44
0.00
0.01
0.01

78.07
21.85

37.81
40.90

20.37,

0.12
0.28
0.21
99.69

0.98
1.58
0.44
0.00
0.01
0.00

78.06
21.81

3747
39.85
21.26
0:17
0.29
0.16
99.20

0.98
1.56
0.47
0.01
0.01
0.00

76.90
23.02:




Tablé 11. Composition of olivine phenocrysts from LW80FVP of Qs3

Iw80fvp_core_#5d 1w80fvp_core_#5e 1w80fvp_rim_#5a Iw80fvp_rim_#5c

3833 3824 37.64 38.57
4120 40719 . 4029 4048
20.00 20.36 21.32 20.89
0.13 0.1 0.14 0.14
0.19 0.28 0.30 0.30
0.24 - 023 0.15 0.15
100.08 100.01. 9984 100.53
0.99 0.99 0.98 0.99
1.58 1.57 1.56 155
0.43 0.44 0.46 C 045
0.00 0.00 0.00 0.00
0.00 - 0.01 0.01 0.01
0.01 0.01 0.00 0.00
78.57 78.00 71.01 7745

21.40 21.85 22.86 2242
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Table 12. Composition of olivine phenocrysts from LW78FVP of Qs4b

Iw78fvp_rim_#1b 1w78fvp_core_#lc 1w78fvp_core #1d Iw78fvp_rim_#la Iw78fvp_rim_#2a Iw78fvp_rim_#2c 1w78fvp_core_#2d

TAG

Si0, 37.86
MgO 39.78
FeO 20.81
Ca0 0.14
MnO 0.28
NiO 0.15
TOTAL 99.03
Cations based on 4 oxygens
Si 0.99
Mg 1.55
Fe 0.46
Ca 0.00
Mn 0.01
Ni 0.00
Fo 71.22
Fa 22.67

3s.10
40.45
20.24

0.15

0.29

0.26
99.49

0.99
1.57
0.44
0.00
0.01
0.01

78.00
21.89

37.98
40.86
20.44
0.13
022
0.24
99.86

0.98
1.58
0.44
0.00
0.01
0.01

78.04
21.90

38.03
 40.37
20.26
0.15
0.24
0.14
99.19

0.99
1.57
0.44
0.00
0.01
0.00

7799
21.95 °

Page 1

37.96
40.26
20,28
0.15
0.22
0.16
99.03

0.99
1.57
0.44
0.00
0.01
0.00

77.95
22.03

37.96
39.89
20.99
0.16
0.27
0.15
99.42

0.99

1.55
0.46
0.01
0.01
0.00

71.15
22.78

37.92
40.30
20.33
0.15
0.23
0.16
99.08

0.99
1.57
0.44
0.00
0.01
0.00

7791
22,05




Table 12. Composition of olivine phenocrysts from LW78FVP of Qs4b

Iw78fvp_core_#2f Iw78fvp_core_#2e lw78fvp_rim_#2b Iw78fvp_sim #3f Iw78fvp_#3g Iw78fvp_#3h Iw78fvp_#3i Iw78fvp_rim #3j Iw78fvp_rim_#3k

37.79
40.90
20.60
0.14
0.24
0.23
99.90

0.98
1.58
0.45
0.00
0.01
0.01

71.91
2201

39.07

41.80

21.03
0.14
0.24
0.32

102.61

0.99

1.57°

0.44
0.00
0.01
0.01

71.94
22.00

37.58
39.49
21.34
0.21
0.25
0.14
99.00

0.99
1.55
0.47
0.01
0.01
0.00

76.76
23.27

37.04
39.42
21.48
0.19
0.22
0.11
98.46

0.98
1.55
0.48
0.01
0.01
0.00

76.60
23.42

37.01
39.74
21.38
0.18
0.27
0.06
98.64

0.98
1.56
0.47
0.01
0.0}

000

< 76,79

23.18

38.34
40.80
20.57
0.13
0.25
0.18
100.26

0.99
1.57
0.44
0.00
0.01
0.00

71.88
22,03

37.60
40.27
20.66
0.13
0.27
0.26
99.19

098

1.57

045 -

0.00

0.01

0.01

71.56
233

37.33
39.50
2126
0.18
027
0.11
98.65

0.98

1.55

0.47
0.01
0.01
0.00

76.78
23.18

37.39
39.68
21.29
0.17
0.27
0.28
99.09

0.98
1.55
047
0.01
0.01°
0.01

76.81
23.13
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Table 12. Composition of olivine phcnoérysts from LW78FVP of Qs4b

lw78fvp_rim_#31 1w78fvp_rim_#4a Iw78fvp_rim _#4b Iw78fvp_core_#4f Iw78fvp_core_#4d Iw78fvp_core_#4h Iw78fvp_rim _#4c Iw78fvp_rim_#5a

37127
39.39
21.82
0.18
0.27
0.09
99.01

0.98
1.55
0.48
0.01
0.01

- 0.00

7625

23.70

36.82
39.96
20.83
0.16
0.26
0.20
98.22

097

1.58
0.46
0.00
0.01

0.00

732

2261

38.04
40.29
20.58
0.14
0.30
0.21

99.56

0.99
1.56

045
0.00

0.01
0.00

77.62

2224

38.94
41.60
20.80
0.15
0.22
0.30
102.01

0.99
1.57 -
0.44
0.00
0.01 .
0.01

78.07
2190

Page 3

38.04
40.62
20.11
0.15
0.27
0.28
99.46

0.99
1.57
044
0.00
0.01

0.01

78.19 .
21.72

3
40.74
20.25
0.13
0.26
0.20
99.30

0.98
1.58
0.44
0.00
0.01
0.00

78.12
21.78

37.69
40.18
2093
0.16
0.22
0.12
99.29

0.98
1.56
0.46
0.00
0.01
0.00

7137
22.61

37.59
39.89
21.22
0.16
0.29
0.11
99.25

0.98
1.56
0.46
0.00
0.01
0.00

76.94
22.96




Table 12. Composition of olivine phenocrysts from LW78FVP of Qsdb

Iw78fvp_rim_#5c Iw78fvp_core_i#5e wi8fvp_core_i#5d Iw78fvp_core_#5f Iw78fvp rim_#5b

38.20 3822 3826 38.18 3793
40.18 40.76 40.52 40.88 4036
21.08 2033 20.71 2045 21.11
0.16 0.09 0.14 0.10 05
0.33 027 . 028 0.33 022
0.20 0.26 X 025 029 021
100.14 99.92 100.16 10024 99.96
0.99 0.99 0.99 0.99 0.98
1.55 1.57 1.56 1.57 ‘ 1.56
0.46 0.44 045 0.44 0.46
0.00 0.00 0.00 0.00 0.00
0.01 0.01 10,01 0.01 0.01
0.00 0.01 0.01 0.01 000
77.15 . 78.00 71.63 71.92 . 17128
22.71 21.83 2226 21.87 2268

Page 4
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Point

Si0,
MgO
FeO
Ca0
MnO
NiO
TOTAL

Table 13. Compositions of olivine ﬁhenocrysts from LWI151FVP of Qsd4a

Iwi51fvp#1b IwiSifvp#l Iwi5ifvphl IwlSifvp#l Iwi5S1fvp#l IwiS1fvp#l IwiStfvpiile IwiS1fvph2b Iwl51fvp#2 Iwi51fvph2

38.14
40.52
20.41
0.13
0.16
0.24
99.60

Cations based on 4 oxygens

Si
Mg
Fe
Ca
Mn
Ni

Fo
Fa

0.99
1.57
0.44
0.00
0.00
0.01

77.96
22.03

37.94
4037
20.27
0.14
0.35
0.22
99.27

0.99
1.57
0.44
0.00

0,01
0.00

77.86
21.94

37.87
39.89
20.78
0.15
0.22
0.09
99.00

0.99
1.55
045
0.00
0.01
0.00

7736
- 22,61

37.69
39.62
21.22

0.12

0.24
. 024
99.14

0.99
1.55
0.47
0.00
0.01
0.01

16.82
23.08

38.06
40.02
21.25
0.14
0.27
0.15
99.88

0.99
1.55
0.46
0.00
0.01
0.00

76.97
2293

Paga 1

37.83
40.70
20.42
0.13
0.23
0.25
99.57

0.98

. 1.58

0.44
0.00
0.01
0.01

11.97
21.95

3842
40.59
20.38
0.13
0.18
0.27
99.98

0.99
1.56
10,44
0.00
0.00

. 001

78.01
21.98

38.05
39.54
21.88
0.18
0.34
0.09
100.07

0.99
1.53
0.48
0.01
0.01
0.00

7622
23.67

38.60
40.50
20.99

0.18
0.24
0.21
100.71

0.99
1.55
0.45
0.01
- 0.01
0.00

7746
22.52

38.22
40.79
20.42
0.12
0.26
0.20
100.01

0.99
1.57
0.44
0000
0.01
0.00

71.98
2191




Table 13. Compositions of olivine phenocrysts from LW151FVP of Qs4a

IwlSifvpi2 IwiSifvpi2 IwiSifvpi2 lwiSifvpi2e IwiS1fvph3b IwlS1fvpd3 IwiSifvpd3 IwlSifvp#3 IwiS1fvp#3 Iwisifvpi3 IwliSifvpiile

38.17
40.74
20.40
0.12
021
0.24
99.87

0.99
1.57
0.44
0.00
0.01
0.01

78.02
21.92

38.65
40.59

20.62

0.15
0.20
0.30
100.51

0.99
1.56
0.44
0.00
0.00
0.01

77.82

217

38.06
40.83
20.54
0.15
0.29
0.23
100.09

0.98
1.57
0.44
0.00
0.01
0.01

7191.

2199

38.26
39.87
2112
0.18
0.37
0.18
99.98

0.99
1.54
0.46
0.01

0.01

0.00

7697
22.88

3832
3944
2147
0.15
0.23
0.14
99.75

1.00
1.53
047
0.00

0.01 .

0.00

76.57 °

23.39

38.13
39.66
21.04
0.19
0.32
0.15
99.48

0.99
1.54
0.46
0.01
0.01
0.00 .

71.01
2292

Page 2

3832
4020
21.09
0.15
0.30
0.13
100.19

0.99
155

046

0.00
0.01
0.00

71.16
2mn

38.14
39.43
21.56
0.13
0.32
0.19
99.77

0.99
1.53
0.47
0.00
0.01

0.00

7640
2343

3846
38.50
21.63
0.15
0.30
0.18
99.22

1.01
1.50

047

0.00
0.01

0.00,

75.95
23.93

39.04
38.54
2141
0.14
0.34
0.13

99.60 .

1.01
1.49
047
0.00
0.01
0.00

76.09
23.712

38.34
39.62
20.49
0.14
0.29
022
99.10

1.00
1.54
045
0.do
0.01
0.01

7741
2247
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Table 13. Compositions of olivine phenocrysts from LW151FVP of Qs4a

Iw151fvp#db IwiSifvp#a IwiSifvpi4 IwiS1fvpide Iwi15SifvpHSb twiS1fvpH5 twiSifvpHS IwliS1fvpiSe

37.84
40.59
19,93
0.12
0.21
0.29
98.96

0.99

1.58

0.44
0.00
0.01
0.01

78.35
21.58

37.92
40.80
20.27
0.12
0.24
0.24
99.60

0.98
1.58
0.44
0.00
0.01
0.01

78.13
21.78

3794
40.77
2043
0.15
0.20
0.29
99.78

0.98
1.58

0.44

0.00
0.00
0.01

78.05
21.94

37.95
40.67
20.48
0.14
027
023
99.74

0.98
1.57
0.44
0.00

0.01.

0.01

7190
2201

38.86
40.50
20.54
017
0.29
028
100.65

1.00
1.55
0.44
0.01
0.01
0.01

71.18
22.14

38.66
40.83
2033
0.16
0.22
0.22
100.41

0.99
1.56
0.44
0.00
0.01
0.01

78.14
21.83

Page 3

38.94
40.80
20.37
0.14
0.30
0.30
100.83

1.00
1.56
0.44
0.00
0.01
0.01

78.02
21.85

38.77
4123
20.19
0.13
0.21
0.32
100.86

0.99
1.57
0.43
0.00
0.01
0.01

78.41
21.54




Point

Sio,
ALO,
FeO
Ca0
Na,O
K,0
S$r0
BaO
TOTAL

Table 14. Composition of plagioclase phenocrysts and groundmass (gm) from LW21FVP of Ql1d

w21_#3b Iw21 #3 w2l #3 Iw21 #3c Iw21_#1b w21 #7 IW21_#7 1w21_#7e Iw21_#10b Iw21_#10 Iw21_#10 Iw21_#10 w21 10

5106 4945 4988 50.60 51.98 51 .07 48.69 50.37 49.49 49.05 49.50
29.09 30.61 3049 2959 - . 2979 3065  29.36 29.67 30.07 30.20 30.06

Cations based on 8 oxygens

Si
Al
Fe
Ca
Na
K
Sr
Ba

Or
Ab
An

0.82 069 083 0.79 0.76 0.73 0.73 0.81 0.82 0.67 0.68
1263 1404 1410 12.99 1267 1352 1457 13.13 13.72 13.83 13.66
421 340 356 4.04 438 319 363 3.79 3.57 3.55 3.58
032 021 022 ., 031 0.36 0.23 026 - 029 0.25 0.24 023
0.33 0.32 0.39 031" 029 033’ 032 035 0.42 0.34 0.27
0.11 001 * ol 0.11 0.08 006 008 - 0.07 ' 0.06 0.06 0.03
9855 9872 9957 9873 10030 10039  97.64 98.48 98.40 97.95 98.01
237 230 230 235 237 233 2.30 234 23 2.30 231
159 168 166 1.62 1.60 1.65 163 163 1.65 - 1.67 1.66
003 003 - 003 0,03 0.03 003 © 003 003 003 0.03 0.03
0.63 070 070 0.65 0.62 066 - 074 065 . 069 0.70 0.68
038 031 0.32 0.36 0.39 034 033 034 , 032 10.32 032
002 001 0.01 0.02 0.02 001 002 0.02 0.02 0.02 0.01
0.01 0.01 0.01 0.01 0.01 001 001 0.01 0.01 0.01 0.01
000 000 0.0 0.00 000 000  0.00 0.00 000 - 0.0 0.00
1.87 1.24 126 1.78 2.03 135 142 168 1.44 1.41 136

3686 3007 3089 3533 3763 3317 3058 3365 355 3123 3170
6108 6867 67.66 6271  60.19 6537 6186  64.53 6690 6725 6690

Page 1

50.11
30.28
0.74
13.86
3.52
023
0.30
0.07
99.11

2.32
1.65
0.03
0.69
0.32
0.01
0.01
0.00

132
31.04
67.51

50.55
30.01
0.87
1336
3.76
0.27
0.39
0.13
99.33

233
1.63
0.03
0.66
0.34
0.02
0.01
0.00

1.55
33.14
65.08




Table 14. Composition of plagioclase phenocrysts and groundmass (gm) from LW21FVP of Ql1d

Iw21_#11ab w21 _#1la Iw2l_#1lae lw2l_#11bb Iw2l_#11b Iw2l_#11b Iw2l_#11b Iw2l_#1lbe Iw2l_#12ab Iw2}_#12a 1w21_#12a Iw21_#12a

5742
23.69
0.62
6.65
5.87
324
0.11
0.28
97.89

2.67
1.30
0.02
0.33
0.53
0.19
0.00
0.01

18.15
50.04
3133

50.44
29.92
0.73
13.57
3.64
0.26

- 037

0.12
99.04

233
1.63
0.03
0.67
0.33

002

0.01
0.00

1.50
32.09
66.20

49.76
29.44
0.80
13.01
4.02
0.32
0.29
0.10
91.713

2.34
1.63
0.03
0.65
0.37
0.02
0.01
0.00

1.82

35.15
62.85

49.33 49.84 5035 50.33
2921 30.06 29.96 29.74
0.74 0.66 0.58 0.66
1377 17 13.49 13.60
3.80 3.62 3.64 3.64
0.29 023 023 0.25
031 ° 027 037 0.29
0.07 " 0.04 0.07 0.07
97.52 98.49 '98.68 98.56
233 232 234 - 2.34
1.62 1.65 1.64 1.63
0.03 0.03 002 003
0.70 0.69 0.67 0.68
035 033 0.33 0.33
0.02 0.01 0.01 0.02
001 001 0.01 0.01
0.00 0.00 0.00 0.00
1.63 135 135 143
32.74 3178 3231 3211

Page 2

6551 6682 6623 6633

50.55
29.55
0.76
12.79
4.11
0.32
0.31
0.00
98.39

235
162

0.03

064

0.37
0.02
0.01
0.00

1.82

36.08
62.09

48.34
29.21
0.93
13.69
3.79
0.32

031

0.04
96.63

2.30

1.64

0.04
0.70
0.35

0.02

0.01

0.00

1.80
32.72
65.40

48.24
3033
0.71
13.63
3.57
0.24
0.34
0.08
97.14

2.28
1.69
0.03

0.69

0.33
0.02
0.01
0.00

1.43
31.66

66.77

48.70
30.40
0.70
13.68
3.52
0.22
0.24
0.02
97.47

229
1.69
0.03
0.69
0.32
0.01
0.01
0.00

130
3132
61.35

48.29
30.30
0.78
13.92
3.52
0.26
031
0.08
97.46

228
1.69
0.03
0.70
0.32
0.02
0.01
0.00

149
30.87
67.49
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Table 14. Composition of plagioclase phenocrysts and groundmass (gm) from LW21FVP of Ql1d

Iw21_#12a¢ w21 _#12bb Iw2l_#12b Iw21_#12b Iw2l_#12be Iw21_#13b Iw2l_#13 Iw21_#13 Iw21_#13e 1w21_#14ab lw2|_#l4; Iw21_#14a

50.84
2977
0.81
12.96
3.89
0.30
0.33
0.08
98.99

2.35
1.62
0.03
0.64
0.35
0.02
0.01
0.00

175

34.54
63.57

50.36
30.22
0.77
13.69
3.59
0.25
0.36
0.07
99.31

232

164
0.03

0.68
0.32
0.02
0.01
0.00

145

31,70

66.72

48.67
30.07
0.65
1432
347
0.24
031
0.05
91.77

229
1.67

0.03

0.72
0.32
0.01
0.01
0.00

136

30.04
68.52

49.07
3037
0.68
13.93
359

0.24
038 °

0.07

9831

229,

1.67

003

0.70
0.33

- 0,01

0.01
0.00
136

31.34

6118

50.23
29.12
0.81

1242

4.25

0.38

0.34
0.11
97.67

2.36.

1.61
0.03
0.62
0.39
0.02
0.01
0.00

222
37132

60.26 -

gm
48.57
29.65
0.77
13.29
3.64
027
0:46
0.08
96.72

231
1.66
0.03
0.68
0.34
0.02
0.01
0.00

1.57
32.57
65.71
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gm
48.40
29.97
0.70
13.51
3.69
0.24
0.33
0.05
96.88

229

1.67
0.03
0.69
0.34
0.02
0.01
0.00

1.42
32.56
65.93

gm
48.86
29.63
0.74
1341
3.65
0.32
0.33
0.10
97.03

2.31
1.65
0.03
0.68
0.34
0.02
0.01
0.00

1.85
3236
65.61

gm
56.04
25.34
0.71
1.76
6.42
1.01
0.24
0.41
97.93

2.59
1.38
0.03
0.39
0.58
0.06
0.01
0.01

5.80
56.03
3744

gm
5230
28.86
0.86
11.89
4.64
0.39
0.35
0.12
99.40

240
1.56
0.03
0.59
0.41
0.02
0.01
0.00

223
40.40
57.17

gm
48.22
29.94
0.78
13.71
3.66
0.24
0.36
0.04
96.95

229
1.67
0.03
0.70
0.34
0.02
0.01
0.00

1.39
32.10
66.44

gm
47.90
29.94
0.73
13.85
3.62
0.23
0.33
0.02
96.62

228
{1.68
0.03
0.71
0.33
0.01
0.01
0.00

1.32
31.68
66.96




Table 14. Composition of plagioclase phenocryéts and groundmass (gm) from LW21FVP of Ql1d

Iw21_#1dab Iw21_#1dbb Iw21_#14b Iw21_i#l4be

gm
48.51
30.20
0.67
13.79
3.58
0.24
0.34
0.10
97.42

229
1.68
10.03
0.70
0.33
0.01
0.01
0.00

1.37
3144
67.02

gm
55.29
2149
345
9.08
4.85
2.07
0.08
0.17
96.49

2.64
121
0.14
0.47
045
0.13
0.00
0.00

12.10
43.06
44.53

gm
49.17

2945
0.90
13.19
3.94
033

034

0.06
9137

232
1.64
0.04
0.67
0.36
0.02
0.01
0.00

1.90
3441
63.60

gm
49.41

29.14
0.88

1253

4.08
0.37
0.36
0.1
96.89

234
1.63
0.04
0.64

- 038

0.02
0.01
0.00

2.18
36.19
61.44
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Table 15. Composition of plagioclase phenocrysts and groundmass (gm) from LW73FVP of Ql1b

Point LW73phib LW73phl LW73phl LW73phl LW73phl LW73phl LW73phle LW73ph2b LW73ph2 LW73ph2 LW73ph2 LW73ph2e
$i0, 50.65 50.53 51.10 50.42 50.50 50.30 51.28 51.06 51.15 51.24 51.49 52.13
AlLO, 30.55 30.68 30.39 30.98 30.48 30.07 20.90 . 30.43 30.91 30.35 30.70 29.70
FeO 0.69 0.61 on 0.62 0.64 0.59 0.81 0.76 0.68 0.67 0.69 0.87
Ca0 13.64 13.70 13.55 13.71 13.80 1332 13.13 13.76 13.72 13.51 13.55 12.80
Na,0 343 3.50 3.59 338 343 3.55 3.717 351 3.52 3.50 3.58 3.86
K,0 030 0.25 0.32 023 0.23 0.28 035 026 021 0.22 024 0.35
Sf0 0.34 0.21 0.22 0.35 033 035 042 024 029 0.33 0.34 0.28
B2O 0.07 0.09 0.08 0.05 0.08 0.12 0.13 0.12 0.07 0.07 0.06 0.10
TOTAL 99.67 99.57 99.97 99.75 9948 98.57 99,78 100.13  100.54 99.89  100.64 100.09
Cations based on 8 oxygens , ’ o

Si ' 233 2.32 234 231 232 233 235 233 233 234 . 234 238
Al 1.65 1.66 1.64 1.67 1.65 1.65 162 164 1.66 1.64 1.64 i.60
Fe 0.03 0.02 0.03 0.02 0.03 0.02 003 003 0.03 003 003 0.03
Ca 0.67 0.67 0.66 0.67 0.68 0.66 065 067 0.67 0.66 0.66 0.63
Na 031 031 0.32 030 031 0.32 034 031 0.31 0.31 0.32 034
K 0.02 0.02 0.02 001 001 0.02 0.02 0.02 0.01 001 001 0.02
Sr 0.01 0.01 0.01 0,01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00
Or 1.76 1.48 187 136 134 1.63 2.05 150 125 130 . 141 2.07
Ab 30.71 31.07 31.76 3040 3055 31.91 3342 . 31.04 3129 3145 3185 34.49
An 67.40 67.28 6622  68.15 6197 66.24 6431 6724 67.34 67.13 66.63 6325
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Table 15. Composition of plagioclase phenocrysts and groundmass (gm) from LW73FVP of Qlib

LW73pidb LW73ph4 LW73phd LW73phd LW73phd LW73phd LW73phde LW73phi_gml LW73phl_gml LW73phl_gm2 LW73phi_gm2

gm gm gm gm
4946 5034 4927  4838S 49.51 49.92 49.83 53.54 5247 54.47 51.33
3100 3099 3106 3068 3088  30.80 3050 28.70 29.73 27.60 29.89
0.72 0.68 0.70 0.69 0.67 0.71 0.66 0.90 1.00 0.86 0.85
13.57 13.88 14.04 13.69 13.74 13.57 13.54 11.64 1238 . 10.18 12.87
343 3.46 334 329 3.46 3.53 347 4.53 4.06 4.97 3.84
027 0.26 0.19 020 021 026 027 0.49 0.45 105 . 036
0.26 027 0.30 028 0.32 026 032 022 0.28 022 0.36
0.06 0.00 0.03 0.00 0.05 0.05 0.06 008 0.10 0.31 0.07
98.77 9987 9893 9767 9883  99.09 98.64 100.10 100.47 99.67 99.56
2.29 231 2.28 229 230 231 231 244 2.39 249 2.36
1.69 1.67 170 1.70 1.69 1.68 1.67 1.54 1.59 1.49 1.62
0.03 0.03 0.03 0.03 0.03 0.03 0.03 003 0.04 003 - 0.03
0.67 0.68 0.70 0.69 0.68 10,67 0.67 057 - 0.60 - 050 0.63
0.31 0.31 0.30 0.30 031 0.32 031 040 0.36 044 0.34
0.02 0.02 0.01 0.01 0.01 0.02- 0.02 - 003 0.03 0.06 0.02
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.01 0.00
1.58 1.48 1.12 1.22 122 1.50 1.61 284 . 2.66 610 213
3086 3063 2972 2991 3087 3150 3115 4007 3616 4379 . 34.25,
67.45 6789  69.12  68.86 67.82 66.91 67.14 © 5695 61.00 49.55 63.50
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Table 15. Composition of plagioclase phenocrysts and groundmass (gm) from LW73FVP of Ql1b

LW73pht_gm3 LW73phl_gm3 LW73phl_gm3 LW73ph2_gml LW73ph2_gml LW73ph2_gml LW73ph2_gm2 LW73ph2_gm2 LW73ph2_gm2

gm
5291
28.99
0.91
12.06
428
0.44
0.19
0.08
99.87

241
1.56
0.04
0.59
0.38
0.03
0.01

0.00

2.60
38.06
59.20

gm
56.59
25.52
0.65
8.07
6.10
0.98

0.26 .

0.28
98.44

2.60
138
0.03
0.40
0.54
0.06
0.01
0.01

572
54.15
39.62

gm
59.98
2248
0.63
4.62
6.52

" 2.80
0.16

1.01

" 9820

2.76

122
0.02 .

0.23
0.58
0.17
0.00

0.02

16.59

58.63
2294

Em
5137

29.57
0.90
12.72
3.89
0.38

033

0.09
99.26

2.37
1.6}
0.04
0.63

035 .,

0.02
0.01
0.00

226

34.76

62.82

gm
51.07
30.61
0.81
13.24
3.60
0.34
0.34
0.02
100.04

233
1.65 -
0.03
0.65
0.32
0.02
0.01
0.00

2,01
3231
65.65

gm
51.74

30.02
0.99
12.75
397
037
0.24
0.13

100.21 -

236
1.61
0.04
0.62
0.35
0.02
0.01
0.00

217

35.15
62.44

- Paged . ..

gm
51.80
30.18
0.82
1324
3.60
0.35
0.30
0.04
100.33

236
1.62
0.03
0.65
0.32
0.02
0.01
0.00

2.04

3230

65.58

gm
51.49
30.05
0.79
13.13
313
0.36
0.43
0.13
100.11

235
1.62
0.03
0.64
0.33
0.02
0.01
0.00

2.09

33.14

64.53

gm
51.87
29.50
0.93
12.19
4.19
0.44
0.32
0.09
99.52

238
1.60
0.04
0.60
0.37
0.03
0.01
0.00

257
37.33
59.94




Table 15. Composition of plagioclase phenocrysts and groundmass (gm) from LW73FVP of Ql1b

LW73phd_gml LW73phd_gml LW73ph4_gml LW73phd_gm2 LW73ph4_gm2 LW73phd_gm3 LW73phd_gm3

gm
51.83
30.01
0.95
12.76
3.97
0.38
0.40
0.10
100.39

2.36
1.61
0.04
0.62
0.35
0.02
0.01
0.00

2.21
3515
62.46

gm
52.32
2945
0.81
12.44
4.19
0.43
0.32
0.07
100.01

2.39
-1.58
0.03
0.61
037
0.03
0.01
0.00

247
36.87
60.54

gm
5332

29.01
0.88
11.88
4,51
0.48
025
0.04
100.43

242

155

0.03
0.58
0.40
0.03
0.01
0.00

2712
39.91
57.30

gm gm
52.03 51.08
2921 29.94
0.93 1.00
11.96 12.71
438 3.97
047 041
021 029
0.11 0.05
99.29 99.46
239 2.35
1.58 1.62
0.04 0.04
0.59 0.63
0.39 035
003 0.02
0.0t 0.01
0.00 0.00
274 2.40
38.66 . 3521
5839 6230
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gin
51.89

29.14
091
12.06
4.24

- 0.46

0.22
0.06
98.98

2.39
1.58
0.04
0.60
038
0.03
0.01
0.00

2.70
31.18
5941

gm
50.56
29.60
0.90
12.67
3.88
040
0.35
0.14
98.50

2.35
1.62
0.04
-0.63
035
0.02
0.01
0.00

235
KZN) |
62.68




‘ Table 16. Compositibn of groundmass plagioclase from LW40FVP of Ql2a

Point Iw40#6_1_1 1w40#6_2_1 Iw40#6_2 2 Iwd0#6 2 3 Iwd0#3_1_1 Iwa0#3_1_2 Iw40#3_2_1
Sio, 53.89 51.87 50.65 5124 51.36 52.40 51.76
ALO, 28.06 29.97 30.71 3027 3020 29.22 29.92
FeO 0.95 0.92 0.82 1.00 1.05 1.01 0.96 °
Ca0 10.88 12.60 13.76 1321 13.18 11.92 12.50
Na2,0 4.91 - 4.00 3.52 3.67 3.78 4.40 421
KO 0.60 0.39 0.29 032 0.34 0.51 0.43
Sro 025 0.38 031 0.31 032 - 027 0.27
TOTAL 99.64 100.27 100.08 100.08 100.30 99.88 100.14
Catians based on 8 oxygens

Si 246 237 232 2.34 235 2.40 236
Al 1.51 1.61 1.66 1.63 1.63 158 1.61
Fe 0.04 0.04 0.03 0.04 0.04 0.04 0.04
Ca 0.53 0.62 0.68 0.65 0.65 0.8 0.61
Na 0.44 0.35 031 033 0.33 0.35 0.37
K 0.04 0.02 0.02 0.02 0.02 0.03 0.03
Sr 0.01 0.01 0.01 0.01 0.01 0.01 0.01
or 3.51 227 1.71 1.85 1.97 2.97 2.50
Ab 4327 35.55 31.10 32.77 3342 38.76 36.84

An 53.03 61.92 67.13 6524 64.46 57.99 60.49
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Table 17. Composition of groundmass plagioclase from LW61FVP of QI3

Point w6lfvp_#1_f1  IwSlfvp_#1_22 IwSlfvp_#1_B Iwslfvp_#1_f4
Si0, 50.74 5082  49.32 - 49.77
ALO, 30.43 , 29.59 3083 - 30.38
FeO - 1.02 095 0.84 -0.81
Ca0 13.05 12.43 13.62 13.36
Na,0 3.67 o397 334 3.55
X,0 037 040 027 0.30
Sr0 030 029 025 028
TOTAL . 99.57 98.45 98.97 98.94
Cations based on 8 oxyg'ens
Si 233 236 2.30 2.30
Al 1.65 162 1.68 1.63
Fe 0.04 0.04 0.03 0.03
Ca 0.64 0.62 0.68 0.66
Na 0.33 036 0.30 032
K 0.02 ©0.02 . 0.02 0.02
Sr 001 - 001 . 0.01 0.01
2.13 : 2.38 1.60 1.79
Ab 33.00 35.75 3021 31.88

An 64.82 61.87 ' 68.19 66.33
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Table 18. Composition of groundmass pyroxene from LW21FVF of Qlid

W21_#13_b Iw21_#13 ¢ w2l #14 ¢

Point

Si0o, 48.24
TiO; 229
AlLO, 422
Fe,0, 732
FeO 3.16
MnO 022
Cr,0 0.02
Na,0 041
MgO 1327
Ca0 20.79
TOTAL 99.92
Cations based on 6 oxygens
Si 1.81
Ti 0.07
Al .19
Fe* 0.09
Fe** 023
Mn 0.01
Cr' 0.00
Na 0.03
Mg 0.74
Ca 0.84
Wo 46.06
En 40.91
Fs 13.03

48.90
2.05
3.56
8.09
2.86
027
0.03
0.44

13.64

20.00

99.83

1.84
0.06
0.16

- 0.08

025
0.01
- 0.00
0.03
0.76
0.81

43.95
41.71
14.35

50.10
1356
2.61
8.16
1.94
031
0.00
034

1426

20.19

99.47

1.88
0.04
0.12

0.06

026
0.01
0.00
0.03
0.80
0.81

4328
42.54
14.18
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Table 19. Composition of groundmass pyroxene from LW40FVP of Ql2a

Point . Iw40_#3_al 1w40_#3 a2 Iw40_#3_bl Iwd40_#3_b2 Iw40_#3_cl w40 _#3_c2
§io, 41.73 46.45 46.88 46.68 46.15 46.88
TiO, 3.03 330 354 3.50 3.62 343
ALO,; : 4.16 4.03 442 4.13 4.19 476
Fe,0, 11.83 8.69 10.15 9.30 5.89 1046
FeO 0.00 3.13 1.72 2.77 271 1.55
MnO 031 023 0.26 0.28 0.22 0.21
Cr,0, 0.02 0.01 0.00 0.02 0.01 0.01
Na,0 0.62 0.52 0.48 0.51 055 - 0.64
MgO 10.92 11.95 ne  11.72 11.40 1127
Ca0 19.18 2020 20.12 2041 19.88 19.84
TOTAL 97.80 98.51 99.26 99.31 98.62 ©9.05
Cations based on 6 oxygens

Si 1.85 1.79 1.79 1.79 1.78 1.80
Ti 0.09 0.10 0.10 0.10 0.11 0.10
Al 0.19 0.18 0.20 0.19 0.19 022
Fe* 0.00 0.09 0.05 0.08 0.08 0.05
Fe* 0.38 028 033 030 0.32 0.34
Mn 0.01 0.01 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.05 0.04 0.04 0.04 0.04 0.05
Mg 0.63 0.69 0.67 - 0.67 0.66 0.64
Ca 0.80 . 0.83 0.82 0.84 0.82 0.81
Wo 43.75 46.13 4520 46.18 45.57 4524
En 34.63 37.97 36.53 36.89 3634 35.76
Fs 21.62 15.89 18.27 16.93 18.10 19.00
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Table 20. Composition of magnetite inclusions in olivine and groundmass (gm) magnetite from LW21FVP of Ql1d

Point Iw21fvp_2m 1w21fvp_2m Iw21fvp_2ma Iw21fvp_2ma Iw2ifvp_4m Iw21fvp_4m lw21fvp_4m Iw21fvp_4ma Iw21fvp_4ma Iw21fvp_Sm
Si0, o1~ ol 0.15 £ 0.09 0.11 0.10 0.08 0.08 0.07 0.10
TiO, 10.14 8.81 13.38 11.00 14.46 16.79 18.21 16.75 16.07 7.70
ALO,; 8.49 9.10 5.56 8.15 420 339 2.67 3.52 4.19 13.15
Cr,0, 4.16 121 ° 3.94 4.60 4.44 220 2.88 342 341 8.68
FeO 32.93 3122 . 37.19 35.02 39.36 41.42 42,78 41.31 41.05 30.60
Fe,0, 35.66 35.18 3236 34.16 31.80 30.58 28.58 29.78 30.28 32.37
MnO 0.23 0.31 0.38 _ 034 . 0.42 0.55 - 059 0.49 0.42 028..
MgO 5.08 5.59 3.83 4.32 3.3 3.03 3.07 326 3.14 6.12
ZnO 0.16 0.11 0.04 0.17 0.02 0.09 0.11 0.05 0.09 0.08
TOTAL 96.96 97.62 96.81 97.86 97.94 98.15 93.97 98.66 98.73 99.06
Cations based on 32 oxygens ,

Si 0.03 0.03 0.04 0.03 0.03 0.03 0.02 0.02 0.02 ‘ 0.03
Ti 220 1.88 . 297 238 321 .7 403 3.7 3.54 CLs9
Al 2.8 3.05 1.93 2.76 1.46 118 093 122 1.44 424
Cr 0.95 1.62 092 1.05 1.04 0.51 0.67 0.79 0.79 1.28
Fe® 1.73 7.53 7.18 739 7.06 6.80 6.32 6.57 6.67 6.67
Fe* 7.93 742 9.17 8.42 9.7t 10.24 10.52 10.13 10.04 7.01
Mn 0.06 0.08 0.09 0.08 0.11 014 0.15 0.12 0.11 0.06
Mg 2,18 237 1.68 1.85 1.38 1.34 135 1.43 137 250
Zn 0.03 0.02 0.01 0.04 0.01 0.02 0.03 0.01 0.02 0.02
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Table 20. Composition of magnetite inclusions in olivine and groundmass (gm) magnetite from LW21FVP of Ql1d

w21fvp_Sm Iw2lfvp_Sm Iw21fvp_Sma Iw2ifvp_Sma Iw21fvp_Smb Iw2lfvp_Smb Iw2ifvp_Sme Iw2lfvp_Smc Iw2lfvp_Smc Iw21fvp_Smc lw21fvp_13m

gm gm gm gm gm
0.08 0.08 012 0.10 009 0.11 0.14 0.07 0.10 0.10 0.12
1.53 1.51 10.78 1067 12.75 14,02 14.51 12.52 12.20 12.60 21.61
12.96 1233 .66 .60 620 5.45 5.40 626 6.20 6.11 1.95
921 8.43 1.95 241 3.48 2.89 038 0.37 0.37 033 0.07
30.32 30.09 34.06 34.00 36.88 38.57 39.83 38.11 37.55 38.18 46.09
32.59 3327 39.01 3933 34.58 34.08 35.01 38.52 39.22 38.43 22.84
021 0.26 0.27 028 038 046 0.40 0.32 0.39 0.32 0.43
626 6.06 5.01 5.11 4.07 3.77 3.14 337 348 33 226
0.10 0.07 0.12 0.17 0.09 0.08 0.08 0.14 0.07 0.00 0.12
99.25 98.10 98.98 . 9966 98.51 99.42 98.89 99.66 99.58 - 9937 1 95.49
0.02 0.02 0.03 0.03 0,03 0.03 0.04 0.02 0.03 003 | 0.04
1.55 1.57 231 227 2.1 -3,04 . 2.71 - 2.64 2714 . 498
418 403 . 2.56 253 211 1.85 1.85 2.12 2.10 2.08 0.71
1.99 1.85 0.44 0.54 0.80 0.66 0.09 0.08 0.08 0.08 0.02
6.1 6.95 8.34 8.36 1.52 738 1.66 8.34 . 849 8.35 527
6.93 6.98 8.10 8.03 891 929 9.69 9.17 9.04 922 11.81
0.05 0.06 0.06 0.07 0.09 .o 0.10 008 009 0.08 0.11
2.55 2.51 212 " 2.15 1.75 1.62 136 1.44 1.49 T 142 1.03

0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.00 0.03
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Table 20. Composition of magnetite inclusions in olivine and groundmass (gm) magnetite from LW21FVP of QI1d

wW21fvp_13m 1w21_#13_a 1w21_#13_a lw21_#13_a w2lfvp_ldm Iw2l_#14_a Iw21_#14.a w21 #14 b Iw21_#14 b Iw21_#14 b 1w2l_#14 b

gm gm gm gm gm gm gm gm gm gm gm
0.13 0.11 0.12 012 o1t o013 0.15 0.15 0.15 0.12 0.11
21.72 20.43 19.87 20.70 18.39 18.05 20.64 20.12 20.16 19.45 19.34
1.61 1.79 1.7 1.93 2.65 1.43 1.69 1.54 1.62 1.76 . 1.68
. 0.09 0.02 0.05 0.09 0.04 0.05 0.02 012 0.12 0.14 0.24
4597 44.91 44.44 45.10 4229 44.00 44.13 44.51 44.82 $3.72 43.65
23.00 2125 2774 26.10 3028 31.38 26.07 2743 27.88 28.96 29.37
0.62 0.60 0:54 0.62 0.54 0.49 0.55 0.63 0.59 0.67 0.57
224 . 267 2.49 2.61 322 1.74 2,67 2.54 2.57 2.76 284
0.08 0.04 0.13 0.04 0.12 0.16 0.17 0.09 . 0.15 0.19 0.11
95.45 97.82 97.09 97.31 97.63 9743 96.69 97.14 98.07 91.77 97.90
0.04 003 0.04 0.04 0.03 0.04 0.05 0.05 0.04 0.04 ‘ 0.03
502 4.60 4.51 4.68 4.12 4.12 4.10 4.57 453 438 4.35
0.58 0.63 0.61 0.68 0.93. 0.51 0.60 0.55 0.57 062 0.59
0.02 0.01 0.01 0.02 0,01 0.01 - 0.01 0.03 0.03 0.03 0.06
532 6.13 6.30 5.90 6.18 717 594 623 627 6.53 6.61
11.81 1123 1123 1133 10.53 1118 1132 1124 1121 10.95 10.92
0.16 0.15 0.14 0.16 0.14 0.13 01 - 016 0.15 0.17 0.14
1.02 1.19 112 117 1.43 0.79 121° 1.14 115 123 . 127
- 0.02 0.01 0.03 0.01 0.03 0.04 0.04 0.02 0.03 004 0.02
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Table 21. Composition of magnetite inclusions in olivine and groundmass (gm) magnetite from LW40FVP of Qi2a

Point Iwd0#1_a IwdO#1_a 1wd0#1_a 1wd0#1 b Iwd0#1 b IwdOHI_b IwAOH#] ¢ Iw40¥l_c Iwd0#l_c IwdOH6 a 1wAOH6_a
gm gm Em gm gm
Si0, 0.10 0.09 0.11 0.10 0.7 0.12 0.13 0.10 0.14 0.11 0.10
TiO, 15.58 _15.08 1385 . 728 7.34 7.21 18.23 18.10 17.89 17.12 16.18
ALO; 3.03 324 3.74 13.21 12.87 12.713 1.97 1.87 1.72 2,06 249
Cr,0, 1.67 2.00 3.84 9.37 9.35 8.85 0.32 0.21 0.17 0.41 0.68
FeO 4062 - 40.02 3860  29.09 28.61 28.83 4424 4411 43.66 42.56 41.57
Fe,0, 3476 35.17 . 3526 2.0 32.19 3271 30.34 30.39 31.05 33.07 3448
MnO 0.43 0.39 049 029 0.23 0.24 0.51 0.51 0.51 0.53 0.51
MgO n 324 344 6.66 6.92 6.60 1.81 1.70 1.83 237 2.58 .
ZnO 0.10 0.02 0.05 0.12 0.15 0.16 0.00 0.12 0.08 020 0.10
TOTAL 99.39 99.23 99.37 98.12 98.37 97.44 97.56 97.10 97.04 98.42 98.68
Cations based on 32 oxygens
Si 0.03 0.03 0,03 0.03 0.19 0.03 0.04 0.03 0.04 0.03 0.1)3
Ti 343 3R 3.03 1.51 1.51 1.51 4.14 4.14 4.09 385 3.61
Al 1.05 1.12 1.28 4.28 4.14 4,17 0.70 0.67 062 072 0.87
Cr 0.39 046 0.88 2.04 2.02 1.94 0.08 0.05 0.04 0.10 0.16
Fe* 7.66 1.15 1.73 6.63 6.61 6.83 6.90 6.96 7.11 7.43 7.70
Fe* 9.95 9.80 9.40 6.69 6.53 6.69 11.18 11.22 1.1 10.63 10.32
Mn o.n 0.10 0.12 0.07 0.05 0.06 0.13 0.13 0.13 0.13 0.13:
Mg 1.36 1.41 1.49 2713 2.82 273 0.81 0.77 0.83 1.05 1.14
Zn 0.02 000 001 0.02 0.03 0.03 0.00 0.03 0.02 0.04 | 10,02
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Table 21. Composition of magnetite inclusions in olivine and groundmass (gm) magnetite from LWA40FVP of QI2a

lwa0#6_a Iw40H6 b Iwd0H#6_b Iwa0#6_b Iwa0#6_c  Iwa0#6_c lwd0#6_c  Iwa0fvp#3 ml  Iw40fvp#3_m2 Iw40fvp#3_m3
gm gm - gEm gm gm gm

: gm
0.13 0.11 0.12 o olo 0.13 0.1 0.1 0.11 0.11
16.49 17.13 16.70 16.79 1432 1545 16.81 1727 21.66 20.53
2.18 1.94 235 208 346 2.80 1.89 245 1.50 1.62
0.58 0.47 059 046 3.10 191 1.38 - 041 021 032
4191 42,67 42.44 4226 39.06 40.05 41.58 42.79 41.87 46.94
34.51 34.11 34.88 3450 3509 34.55 3327 32.59 22.73 25.31
" 0.51 0.47 0.42 0.52 0.42 045 050 0.46 0.46 048
2.57 2.58 2.69 2.60 334 3.19 2.36 245 L13 1.22
0.05 0.10 027 0.20 0.09 0.17 0.05 0.19 - on . 005
98.91 99.58 10045 . 99.51 98.98 98.70 98.43 98.71 95.78 96.58
0.04 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.04 - 003
3.68 3.80 3.6 mn 3.16 343 3.76 3.36 503 413
0.76 0.68 0.81 0.72 120 - 097 066 086 055 059
0.14 0.11 0.14 o.11 0.72 0.44 10.32 0.10 © 0,05 0.08
1.70 7.57 7.66 1.66 174 161 145 7.28 529 584
10.40 10.53 10.36 10.43 9.57 988 1035 1063 1237 12.03
0.13 0.12 0.11 0.13 o.l0 0.1 0.13 . 0.12 0.12 0.12
.13 [ k. R 1.14 146 140 127 1 0.52 0.56
0.01 0.02 0.06 0.04 0.02 004 o001 0.04 0.03 0.01

Page 2




Table 22. Composition of magnetite inclusions in olivine from LW135FVP of Qs2fs

Iw13s_L_mtl Iwi35_L_me2 Iwl35_3_mtl Iw1353_m2 Iwl35_3_m3 Iwi35_3md Iwi35_3_mtS Iwl3s_d mtl Iwi35_d_me2

Point

Si0, 0.09 010 010 0.09 0.09 . 0.08 0.12
TiO, 9.44 9.11 9.96 9.58 945 1922 10.03
AlLO, 6.64 745 147 1.70 1.57 8.07 131
Cr;0, 3.96 4.46 3.66 425 4.03 542 4.69
FeO 41.24 40.65 39.28 39.45 39.69 38.62 . 38.18
Fe,0; 33.05 32.58 33.67 3331 32.03 3229 33.66
MnO 0.25 022 . 0.28 028 - 0.17 0.23 031
MgO 492 5.18 4.84 495 554 543 4.83
TOTAL 99.59 99.75 99.25 99.62 9856 . 9935 99.12
Cations based on 32 oxygens . ,

si 0.03 0.03 0.03 003 0.03 0.02 0.03
Ti 2.02 193 213 24 202 1.95 2.15
Al 223 248 2.50 256 2.54 2.68 245
Cr 0.89 1.00 0.82 095 091 - 121 1.06
Fe* 8.82 8.63 840 839 849 8.19 8.17.
Fe* 7.86 7.69 8.00 7.87 762 7.61 8.01
Mn 0.06 0.05 0.07 0.07 . 0.04 0.06 0.07
Mg

2.08 2.18 208 200 235 228 2.05

. Paget

0.09
8.79
8.40
6.06
38.15
3143
0.29
5.63
98.85

0.03
1.87
2.79
135
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742
0.07
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0.09
845
8.91
6.93
37.76
31.07
0.27
5.84
99.32

0.02
1.78
294
1.53
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