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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 FY96. Sampling, 
analysis, and correlation of ashes from trenched fault exposures will be completed in 
FY95.  

Overview and Sampling 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 
unconforrities, 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 a chronostratigraphic unit, and contains one or more eruptive units (a 
volcanic deposit [lava flow or scoria fall] formed during a single time-synchronous 
volcanic eruption).  

Chronosratigraphic unit I is the oldest eruptive episode and includes four lava flows 
(Qlla-d) erupted from multiple, north to northwest-trending fissure zones marked by scoria 
and spatter deposits (Fig. 2). Chronostratigraphic unit IH consists of the largest volume lava 
flow erupted at Lathrop Wells (Ql2a) on the east side of the center, several minor flow lobes 
on the northeast side of the center, and two sets of northwest trending scotia mounds. A 
wide-spread and voluminous scoria-fall and pyroclastic deposit (Qs2fs) is interbedded with 
the lava flows of chronostratigraphic unit 11 and is inferred to have erupted from a vent 
concealed beneath the main cinder cone of chronostratigraphic unit IH. The eruptive evets 
of chronostratikraphic unit MI formed the main cinder cone (Qs3) on the west side ofthe 
center and a smitll-volume lava flow (Q13) erupted from a vent on the northeast side .fthe 
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 on several (generally 3-6) samples were taken from each 
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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.  

Major-element chemiTy 

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-l 11, R3 (Table 1). The range of major
element variation among bealt's -om the Lathrop Wells center is not large. All are 
classified as alkali basalts in te.ms of total alkalis versus silica, using the classification of 
Cox et al, 1979 (Fig. 4).  

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

due to fractional crystallization is Mg number, defined as [)x 1001 , where 

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).  

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

Trace-clement chemistrv
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Whole rock trace-element 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-I II, R3 (Table 1). Table 2 lists whole rock trace-elemenit INAA analyses of Rb, Sc, 

Co, Sr, Ba, La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Hf, Ta and 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).  

Lathrop Wells basalts are notable in having high concentrations of trace elements 

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 trice

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).  

Isotopic compositions of Nd, Sr and Pb for 16 Lathrop Wells basalts (Table 4) 

were analyzed at the University of Colorado using methods described in Farmer et al.  

(1991). Analyical precision based on 6 replicate analyses is 0.00 1% for ' 4 Nd/l"Nd, 

0.002% for SSr/' 6Sr, 0.114% for 2 'Pb/ 2?Pb, 0.085% for 207Pb/4Pb and 0.058% for 

2 t6pb/20Pb (Table 5).  

The total range in Nd and Sr isotopic compositions at Lathrop Wells is fairly 
small with ��, values ranging from -9.7 to -10.3 and '7Sr/ 6Sr ranging from about 0.7070 

to 0.7071 (Fig. 7). As a group, samples of chronostratigraphlc unit I have slightly higher 
87Sr/S6Sr (mean=0.70705 4 , n=5) than samples of chronostratigraphic unit II 

(mean=0.07 0 7016, n--7). This difference is statistically significant at the 95% confidence 

level using the two-tailed e 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).  

Petro'aphy and Mineral Chemistry 

Basalts of Lathrop Wells are sparsely porphyritic with phenocrysts 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 I. Plagioclase phenocrysts are 
largely absent in basalts of chronostratigraphic unit II, I1 and IV (Fig. 8).  

Mineral chemistry was obtained by electron microprobe using methods described 
in Los Alamos Detailed Procedure LANL-EES-DP-131, RO. 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, 14-16), 
probably because tephra was quickly quenched upon eruption, while lava flows cooled 
more slowly, allowing continued crystal growth after eruption. Olivine from tephra imits 
show very limited zoning (<2% forsterite content) and also in some cases display slight 
reverse zorinhg (e.g., Fig. 14). Compositions of olivine are listed in Tables 6-13.  

Plagioclase phenocrysts occur in units Qllb, QI c, and QlId 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 grouqdmass 
plagioclase in lavas of chronostratigraphic unit I (Ql d and Qllb) extend to significantly 
more sodic compositions (Figs. 19-20), while compositions of groundmass plagioclase in 
lavas of chronostratigraphic unit II and III (Ql2a and Q13) 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 it all of the lava units at Lathrop 
Wells. We analyzed groundmass clinopyroxene from eruptive units QIld and Ql2a.  
Clinopyroxenes from unit QI d have higher MgO and less TiO2 than clinopyroxece from 
QL2a (Figs. 23-24, Tables 1t8-19).  

Magnetite occurs as inclusions in olivine and in the groundmass of all eruptive 
units. Magnetites are titaniferous (7-22% TiO2) 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 compositis 
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 phenocMrt 
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. 30-3 1),
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Averaged compositions of the major eruptive units grouped by 

chronostratigraphic unit are illustrated in Figs. 37-40. In general, ir.dividual eruptive units 

within each of the four chronostratigraphic units share similar geochemical 

characteristics. Al! 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 geochemnically similar 

and are marked by high concentrations of Th and low concentrations of Sr, P, Sin, Eu and 

Ti (Fig.'39). The three eruptive units of chronostratigraphic unit IV are geochemlically 

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 I 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 Si 

and the middle rare-earth elements (Nd and Sm), and unit Ql4c having the lowest 

concentrations of Sr, Nd and Sm (Figs. 41-42).  

SAt what level are differences in the mean compositions of different eruptive units 

statistically significant? As an example, we consider eruptive units Qlla and QI 1 d, 

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 t test, which calculates the probability that two sample means are equal.  

Probabilities of < 0.05 indicate that two sample means represent different populaions at 

the 95% confidence level. In the case of Qlld and Qla, 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 

>34%. 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 

FK(AMPLE



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 Qs2fs 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 II (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 Ql4b cannot be reworked tephra from Qs3 (Fig. 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 stipped and 
eroded before emplacement of the overlying, geochemically distinct tphra, 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, It, 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.
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Implications for Volcanic 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 sign Cicant periods of inactivity. The eruption of several 

independent magma batches at a siig e location in the Yucca Mountain region suggests 

that eruptions in the region will not ,,•cur at random locations in the near future (10 10O 

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 (AXV), 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. CNd versus 87Sr/' 6Sr for eruptive units of the Lathrop Wells volcanic center.  

Figure 8. vercent olivine and plagioclase phenocrysts and microphenocrysts determined 
by point counting for representative samples of eruptive units from the Lathrop 
Wells volcanic center. Samples counted froineach eruptive unit are LW2OFVP 
from Ql d, LW73FVP from Q1lb, LWI IFVP from QI a, LW4OFVP from Ql2a, 
LW97FVP from Qs2fs, LW6IFVP from Q13, LW8OFVP from Qs3, LW78FVP 
from Qs4b and LWI 51 from Qs4a.
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Figure 9. Forsterite content of olivine phenocrysts from LW21FVP of QlId determined 

by rim to rim microprobe traverses.  

Figure 10. Forsterite content of olivine phenocrysts from LW73FVP of Qllb determined 

by rim to rim microprobe traverses.  

Figure 11. Forsterite content of olivine phenocrysts frum LW4OFVP of Qi2a determined 

by rim to rim microprobe traverses.  

Figure 12. Forsterite content of olivine phenocrysts from LWI 3 5FVP of Qs2fs 

determined by rim to rim microprobe traverses.  

Figure 13. Forsterite content of olivine phenocrysts from LW6IFVP ofQ13 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 phenocrysts from LWlS1FVP of Qs4a determined 

by rim to rim microprobe traverses.  

Figure 17. Anorthite content of plagioclase phenocrysts from LW21FVP of Qlld 

determined by rim to rim microprobe traverses.  

Figifte 18. Anorthite content of plagioclase phenocrysts from LW73FVP of Qlbt 

determined by rim to rim microprobe traverses.  

Figume 19. Feldspar compositions from LW2IFVP of Qild 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 Qllb 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 21. Feldspar compositions from LW4OFVP of QL2a plotted within the ternary field 

Or-Ab-An. Open circles are compositions of groundmass crystals.  

Figure 22. Feldspar compositions from LW61FVP of Q13 plotted within the ternary field 

Or-Ab-An. Open circles are compositions of groundmass crystals.  
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Figure 23. Pyroxene compositions from LW2 I FVP of QlI d plotted within the ternary 
field Wo-En-Fs. Filled circles are compositions of groundmass crystals.  

Figure 24. Pyroxene compositions from LW4OFVP 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 
Ql I a normalized to the average concentration of each element for all analyzed 
Lathrop Wells samples (n--99). Normalizing values are Ba--1361.96 parts per 
million (ppm), Thl6.867 ppm, K=15,249.49 ppm, T 378 ppm, La=93.353 
ppm, Ce'181.668 ppm, Sr=1469.56 ppm, P-=5209 ( 'ppm, Sm--12.239 ppm, 
Eu=3.149 ppm, Zr=-370.652 ppm, Hf=-7.219 ppm, £i1 1,522.39 ppm, Tbdl.135 
ppm, Yb=2.369 ppm, Lu=.344 ppm. Ba, K, Sr, P, Zr and Ti were determined by 
XRF; all other elements determined by INAA.  

Figure 26. Line plot of incompatible element concentrations for samples of eruptive imit 
Qllb 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 samples of eruptive unit 
QI 1 c 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 
Qil d 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 imit 
Qsa u normalized to the average concentration of each element for all analyzed 
Lathrop Wells samples (n--99). Qslu represents all analyzed vents of 
chronostratigraphic unit 1.  

Figure 30. Line plot of incompatible element concentrations for samples of erptive unit 
Q12a 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 elemeat for all analyzed 
Lathrop Wells samples (n-99).  

Figure 32. Line plot of incompatible element concentrations for samples of eruptive unit 
Q13 normalized to the average concentration of each element for all analyzed 
Lathrop Wells samples (n=99).

12



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 concentrations 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 arglyzed 
Lathrop Wells samples (n=99).  

Figure 37. Line plot of average compositions of eruptive units from chronostratigraphic 
unit 1.  

Figure 38. Line plot of average compositions of eruptive units from chronostratigraphic 
unit f1.  

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

Figure 40. Line plot of average 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 Qlua and Qili.  
Values below each element are the probability that the sample means of each 
element represent the same populations using the two-tailed f 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 compositiQns 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 t test.  

Figure 45. Line plot comparing average compositions of eruptive units Qs3 and Qs4b.  

rYAMPI r II



Figure 46. Line plot comparing samples from Qsl 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 a 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 magi 'a undergoing fractional 
crystallization.
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Tablc 1. Major, trace-element (determined by XRF) and normative compositions of Lathrop Wells basalts

Sample LWIIFVP L.WI2FVP LW74FVP LW45FVP LW72FVP LW73FVP LWIOOFVP LWI2OFVP LW121FVP LWIOIFVP LW30FVP LW31FVP LW32FVP LW63FVP

Qt1a Q(la Q14a Q1tl

48 59 

1.98 

1630 

k1.78 

1.77 

9.01 
0 oi 
5 39 
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3 57 

1.92 

I 24 
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4563 
1.97 

1695 
It 82 

1 77 

904 

017 
5.93 
3.41 
3.48 

1.93 

1.25 

10056

4849 
201 

16.64 
11.72 

1.76 
9.97 
0.17 
5.93 
8.55 
366 
1 89 
1.21 

100.27

47.83 
2.02 

16.45 
11.91 
1.19 

"I. I I 
0.93 
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8.42 
3.65 
1.83 
1.26 

99.40

Qllb Qllb

47.89 
1.99 

16.60 
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48.47 
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48.55 

2.02 
16.61 

11.93 

1.73 

9.09 
0.18 
5.80 
8.68 
3.59 
1,91 

1.24 
100.46

Qllb 

41.25 

2.04 

16.87 

11.95 

1.79 

9.14 
0.18 
$ 80 
346 
3.61 

1.90 

1.27 
100.31

Qllb Qslb

43.62 
2.01 

16.74 

11.80 

9.77 
9.03 
0.18 
5.89 
8.59 

3.59 

1.36 

1.26 

100.53

48.94 
2.01 

16.79 

11.88 

1.78 
9.09 

0.18 
5.77 
3.43 
3.59 

1.91 

1.25 

100.75

QIIc Qllc Qllc QIIc

47.55 
1.89 

16.26 
1136 

170 
869 
0.17 
5.84 
9.36 
3.44 
1.83 
1.19 

98.87

4882 
1.93 

1674 
11.53 

1.74 
8 86 
0.17 
5.82 
8.54 
3.58 
1.86 
1.21 

100.24

4225 
1.96 

16.79 
11.70 

1 75 
8 95 
0.17 
5.75 
8 50 
3.53 
1.84 
1.24 

99.73

4831 
1 Q2 

1665 

11.56 

173 

8 84 
0.13 
5 92 
8.45 
3.60 

1.81 

1.23 
9961

5382 53.90 5408 53.19 53.03 53.60 53.23

179.1 
1128 
600 
1289 

19.4 
1490.  
2719 

372.1 
30 3 

1373 

11 36 

2965 
2426 

0.29 
7.94 
0.00 

16.81 
2 56 
3 i6

179.5 
1150 
60 7 

124.9, 
19.9 

1491 
30.3 

366.2 
27.1 
1391 

11.42 
2936 
2502 

0.07 
7.76 
0.00 

1699 
2.57 
3.75

2.91 3.00

1159 
1194 

57.4 
138.3 
15,7 

1492 
36.0 

377.2 
30.6 
1464 

19.17 
28.45 
23.52 

1.34 
9 78 

0.00 
16.11 

2.55 
3.82

192.1 
103,7 

49.1 
139.5 

19.8 
1530 
23.1 

383.8 
29.7 
1424 

11.13 

27.97 
2306 

1.57 

9,37 
0.00 

16,23 
2.59 
3.83

2.91 3.02

183.0 
1064 
53.1 

133.6 
19.7 

1579 
27.2 

354.0 
27.2 
1354 

11.13 
27.57 
23.94 

1.40 
9.77 
0.00 

15.86 
2.57 
3.77 

2.99

186.9 
101.0 
62.2 
84.1 
15.3 

1536 
24.6 

382.4 
37.6 
1428

1090 
29.37 
24.17 

0.52 
8.75 
0.00 

16.51 
2,58 
3.84 

3.01

190.6 
106.6 
56 5 

143 2 

18.7 
1541 
21.4 

374.4 
34.4 
1249 

It 30 
28.45 
2367 

1.04 
I0.02 
0.00 

15-96 
2.58 
3.83 

2.98

53.05 53,73 53.10 54.48 53.92 53.40 54.38

164.7 
122.9 

59.0 
145.7 

17.2 
1540 
30.9 

316.0 
28.5 
1280 

11.22 
21.53 
24.32 

1.10 
8.43 
0.00 

16.56 
2.60 
3.87

203.5 
127.0 
56.3 

143.8 
14.1 

1521 
23,S 

370.7 
32.4 
1309 

10.99 
29.21 
24.18 
0.63 
9,15 
0.00 
16.35 
2.57 
3.82

3.04 3.01

183.8 
123.2 

55.0 
140.8 

19.8 
1519 
29.9 

368.0 
35.6 
1312

11.27 
30.15 
24.16 

0,13 
8.55 
0.00 

16.45 
2.58 
"3.81 
2.99

168.4 
113.7 
54.8 

126.9 
19.7 

1453 
29.9 

366.3 
30.1 

1337

10.80 
25.16 
23.61 
2.15 

13.10 
0.00 

14.55 
2.47 

3,S9

180.5 
142.2 
64.0 

127.4 

18.7 
1467 
19.2 

377.3 
34.3 

1389 

10.99 

29.86 
24.24 
021 
9.11 
000 

16.12 
2.52 

3.66

2.84 2.91
1.:0. FerOa •d Mgt adkotard ssming ftV Fc u -,0.195. KO•you$ in pmrn,,cm a f" o R oxidized scoria thIhats lobably bn afalocld by 4ciation.

As. 417(, SuncalimiCs (2 signs) are I% for CaO, 2% rm TiO2. AIO, Fe1O•,. MgQO, 1(,0, Pos s W Sr. 3% for 5m1O and lAhO, 4% for Ba0, 3% fC MO mlid 7, 10% orot C and Zn. 13% for V.,20% fog Ni, Rb, Y and Nb 

EXAMPLE IPage1

Unit

s1OJ 
TiO% 

FeojrT 
Fe•O0 
Fet 
MaO 
higO 
CUO 
NatO 

K1O 

Total

Mg# 

V 
Cr 
Ni 

Zn 
Rb 
Sr 
v 
Zr 

Nb 
B.  

Or 

Ab 
An 
Nt 
DI 

fly 
01 
NMt 
!1 

An

183.7 
190l0 

57.4 
127.7 

14.6 
1497 
28.0 

367.0 
310 
1435 

0289 
29.17 
24.65 

0 36 
8.49 
0 00 

16.31 
2.54 
3.72 

2.97

177.9 
131 0 
57.2 

131.0 
19.1 
1466 

27.0 
3702 

30 1 
1412 

1068 

29 34 
2403 
062 
884 
000 

1639 
2 S1 
3 64 

2 94



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

L.W64FV• LW65FVP LW66FVP LW67FVP LWIIOFVP LWIISFVP LW93FVP LWIO9FVP LW2OFVP LW2IFVP LW22FVVP LW23FVP LW79FVP LWOIFVP LW7IFVP
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1 93 
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0317 
5 34 
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8 92 
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0.17 
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1.24 
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11.94 

1.79 
9.14 
0.17 
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3.68 
1 93 
1.26 

100.40
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54 9 
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28 6 

3726 
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1095 
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1620 

2 51 
3.66 
232

1732 
1093 
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137.2 
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31.3 
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1375 

11.03 
30.04 
2463 

026 
766 
000 

1661 

2.54 
3.75 

3.00

173.4 
103.3 
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19.4 
1485 
23 6 
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36.6 
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29.34 
24.75 

0.71 
8.5$ 
000 

16.22 
2.51 
3.65 
2.92

177 8 
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17.3 
1460 
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1440 
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19.1 
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11.02 
30.91 
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52.6 
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Table 1. Major, trace-element (determined by XRP) and normative compositions of Lathrop Wells basalts
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Table 1. Major, trace-element (determined by XRF) and nommtive compositions of Lathrop Wells basalts
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"Fable I. Major, trace-element (deLermined by XRF) and normative compositions of Latlhrop Wells basalts
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54.1 

141.7 
17.5 

1465 
32.4 

358.7 
33.1 
1308 

10.79 
29.07 
25.66 

0.00 
7.23 
6.64 

12.61 
2.56 
3.63 
2.92

QI2b 

4826 

1.93 
1661 
It 56 
1 73 

184 
0.17 
513 
862 
3 47 
t 10 
I119 

" 50

Qs2fs 

49.22 
1.87 

1637 
1153 
1 73 
9 12 
0.17 
5.90 
8.70 
3 32 
3.79 
1 23 

10059

53.99 

191 I 
1182 
5.5T 

129 6 

19.7 
1479 
32.8 

3664 
34.5 
1329 

1058 
29.51 
25.94 
000 
7.07 
6.92 

11.95 
2.52 
3.68 
296

5436 

1770 
104.1 

499 
135 6 

19 1 
1429 
268 

368 5 
316 
1353 

1056 
2806 
2597 
000 
124 
5 73 

1241 

2.51 
3 54 
295

FI



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

LWI26FVP I.WI30FVP LWI32FVP LWI3SFVP LW1I4FVP LWI1FVP LWI27FVP LW21IFVP LW36FVP LW37FVP LW33FVP LWOSFVPA LW59FVP LW6OFVP

Qs2fl 

49.46 
1.,9 

16.91 
1166 

1.75 
8.92 
0.17 
5.89 
846 
321 
I 82 
1.19 

100.74

Qs2fs Qsrs Qtfs

49.22 
1.94 

1680 
11.54 
1 73 

0.17 
5,75 
8.26 
327 
1589 
1.15 

10001

43.17 

1.92 
17.00 
11.62 

1.74 
1.39 
0.17 
5194 
1.39 
3,45 
1.86 
1.38 

100.39

Qs24s 

4901 

1 92 
1702 
11 "6 
1 '76 
900 
017 
575 
340 

304 
171 
114 

9993 

5321 

1759 
1064 
50 4 

1416 
167 

1616 
33 7 

3776 
337 
1307

Qs2fs 

49.04 
1,93 

16.95 
51 32 

1.77 
904 
017 
5 387 
8.39 
3 27 
1 73 
1 16 

10033 

53162 

1790 
1166 

53 9 
137 5 
19.1 

1528 
25 5 

3772 
370 
1268

10.79 
2 77 
26.13 

0l00 
7.34 
742 

11.25 
2.34 
3.59 
2 .5- 5

166.9 
I10.8 
45.6 

136.2 
19.9 

1476 
21.1 

367.9 
36.9 
1'376 

11.13 
17,62 

•5.71 
0.00 
7.14 
7.84 

90.91 
2.51 
3.67 
2.71

175.5 
122 1 
47.5 

134.1 
19.0 

1442 
258 

366.9 
336 
1312 

50.98 
29.15 
25.$4 

0.00 
7.62 
203 

1539 
2.$3 
5.65 
2.31

49.5o 
1.90 

17.19 
11.41 

1.72 
3.71 
0.17 
5.11 
1.54 
3.45 
1 39 
1.19 

101.10 

$4.09 

113.3 
109.S 
470 

136.8 
21.6 
1449 
29.3 

364 4 
23.3 
2331 

21.17 
29.11 
25.93 

0.00 
7.11 
3.19 

14.00 
2150 
3,60 
2.84

Qs2fs 

49.17 
1.95 

17.02 
11,74 
1.  
1.98 
0.18 
5.99 
1.14 
3.46 
1.39 
1.19 

100.71 

54.29 

171.8 
110,0 

58.0 
140,5 
21.1 
1412 
30.6 

397.3 
21.1 
1343

11.17 
29.25 
25.46 

0.00 
6.57 
3.93 

14,59 
2.55 
3.70 
2.36

QsW.s QWuu Qs -u

49.12 
1,94 

16.17 
1 1.51 

1.74 
1.86 
0,17 
5.74 
1.12 
361D 

(Z24) 
1.19 

100.56

48.61 
1.92 

16.39 
11.63 

1.74 
1.90 
0.13 
•,13 
8.45 
3.43 
1.18 
1.23 

100.03

1.91 

16.60 
11.63 

1.74 
8.90 
0.17 
S 84 
3.34 
3.48 
1.399 
1.19 

9987

48.77 
1.94 

16.45 
11.69 

1.75 
8.94 

017 
5,86 
8.32 
3I53 
1.94 

121 
"9991

53.59 531.0 53.93 53 36

130.9 
Ill.? 

58.3 
138.4 
26.5 
1469 
26.2 

371.5 
27.1 
1353

(13.24) 
(28.94) 
(23,33) 

(015I) 
(8.24) 
(0.00) 

(1629) 
(2•.52) 
(3.65) 
'2.81l •

173.0 
132.3 

54.6 
124.9 
23.9 

1447 
21.3 

361.0 
34.2 
1331 

11.11 
29.01 
35.25 
0.00 
7.4 
1.62 

15.45 
2.53

126.7 
123.7 
$7.4 

126.5 
199 

1456 
26.1 

371.0 
33 9 
1406 

11.16 
29.44 
24.21 
0.00 
8.46 
1.16 

15.11 
2.53

3.65 3.62 
29 d ,i,,

136 5 
134.8 
$5.9 

124 5 
19.7 

1484 
21.5 

365.3 
322 
1433 

I1.S0 
29.87 
23.19 

0.22 
9.14 
0.00 

16.28 
2.54 
3.67

Q13 Q13 Q13

4931 
1.91 

16.76 
11.59 

1.74 
8 17 
0.17 
5.95 
8.84 
3.53 
5.13 

5.19 
101.07

49.03 
1 86 

16.95 
11.42 

1.71 
8.74 
018 
560 
264 
3.43 
I 31 
1 23 

100 22

4318 
1 14 

1675 

11.37 
171 

8 70 
0.17 

5.76 
8 74 
341 

I24 
117 

9993

54.46 5330 54 IS

181.6 
1125 

52.3 
127.1 

20.9 
1446 
26 2 

356.4 
26 9 
12310 

10.10 
29.93 
24.58 
000 

10.16 
0.06 

15.97 
2.52 
3.62

5856 
86 A 
461 

1309 
130 

1425 
294 

377 6 
32 0 
1426 

11.12 

29.05 
2539 

000 
3.50 
2 63 

13.95 
2.48 
3.53

182.0 
95.0 
44 8 

139.3 
193 

1443 
21 5 

3604 
310 
1395 

5086 
28.33 
2509 

000 
9.46 
192 

1440 
2,47 
350

I .- . . .M %'Qm - 4.4 Z96 21 28 .9S I L ) 2.11

a

54 07 53.84 54-35

10 14 
25.72 
2785 

000 
600 

12 55 
209 
256 

365 
274

1793 
5132 

53 4 
141 2 
22.3 
1464 
30.5 

3649 
32.5 
1340

1020 
2769 
26.57 
000 
681 
7 79 

15,3) 
2 57 
366 
2.79



Table 1. Major, irace-clement (dctcrmincd by XRF) and normative compositions ofrLathrop Wells basalis

LW61FVP LW62FVP LW021:VP LW3IFVP LW6RFVP LW69FVP LW70FVP LW75FVP LW76FVP LWIOFVP LWIIFVP LW92FVP-B LW32FVP-R LWI6FVP LWI7FVP

Q3] Q13 53 03 Q13 QS3

4865 
I 13 

1617 
t1 45 

I 72 

176 
o ii 
5 70 
1.79 
3.39 
I g0 
117 

9912

41 19 
1.82 

16-87 
11.22 
1 68 
151 
0.17 
5 62 
893 
3_31 

1.91 
9915

43.S5 

1823 
1696 
11.25 

1.69 
"161 
0.17 
5.22 
8.83, 
3.47 
1 77 
1.21 

"99.25

4661 
1.23 

16.17 
11 50 

1.72 

0.11 
5.67 
1.52 

3.35 
1.76 
1.13 

99.53

49,62 
1.90 

16.16 
11.45 

1.72 
1.76 
0.17 
5.90 
1.59 
3.50 
1.24 
1.21 

10o,04

49.02 
1.27 

16.96 
11.43 
1.71 
3.74 

0.17 
5.69 
8.65 
3,43 
1.78 

1.19 
100.19

Qs3 Qs3

41.74 
1.37 

16.21 

11,40 
1.71 
1.72 
0.17 
5.77 
2.70 
3,44 
1.80 
1.19 

99.19

41.67 
1.90 

16.36 
11.57 
1.74 
2.25 
0.17 
5.12 
120 
3.22 
1.76 
1.17 

99,24

Q%3 

41.46 
1.19 

16.94 
11.66 

1.75 

2 92 
0.17 
5-74 
8.30 
2.99 
1.72 
1.12 

98.99

Qs3 Qs3 Q3

42.50 
1.91 

16.73 
11.41 

1.72 
8.71 
0.17 
,.71 

2.62 
3.47 
1.76 
1.20 

99.62

48.72 

16.84 

11.52 
1.73 
1.91 
0.17 
5.11 
2.57 
3.39 
1.71 
1.19 

9990

53 72 53387 51.93 53.44 54.14 53,69 54.11 53.54 53,43 53.99 54.34

127 6 

1103 
46 9 

1376 
19.2 

1450 
22 6 

370 5 
366 
1376 

1063 

2865 
2563 
000 
921 
1 63 

1469 
249 
341 

211

175.5 
10.3 
47.4 

131 3 
239 
1443 
22.2 

362.1 
2731 
i115 

1072 
2803 
25.91 
000 
947 
019 

14.77 
2 44 
346 
2 95

181.4, 
63.1 
32.5 

124.9 
21.7 
1470 
34 2 

3702 
26.9 
1433 

I0.45 

29.39 
2547; 

0.00 
9.29 

1.38 
13A7 
2,41 

341 

2.0

1734 
1073 
422 

132 I 
13.3 
1431 

P2.5 
29.9 
1419 

1O 42 
25.31 

21,92 
0,00 
7.19 
4.67 

12.91 

2.40 3.41

1799 
111.7 
45.3 

133.9 
19.5 

1430 
26.1 

372 4 
31.0 

1361 

10.90 
2941 
24.94 
0,12 

~00 
16.29 
2A9 
3161 
2.,1•
ZR, 2.14 2.14 220 2.69 2.31 2.14

1102 
105.0 
45.3 

133.0 
20.2 
1430 
26.5 

371.1 
29.9 
1410 

10.5) 
2903 
25.73 
0.00 
1.51 

3.29 
143.64 

2.48 

3.54

111.1 
105.3 
41.1 

128.2 
19.7 
1440 
25.9 

363,9 
30.1 
1404 

10 6t 
29.09 
23.22 

0olo 

9.12 

1.49 
14,84 
1248 

2.$4 3.55

181.3 
106.6 
55.0 

115.9 
20.3 
1444 
26.7 

370.8 
35.5 
1412 

10.40 
27,24 
26.46 
0.00 
6.13 
1.99 

10.47 
2.52 
3.60

1640 
96.9 
53.1 

135.0 
19.9 

1476 
23.9 

372.0 
32A 
1362 

1015 
25.27 
27.17 

0.00 
5.67 

12.15 
8.44 

2.54 
3.59 
2,69

162.4 
107.4 
50.2 

141.3 
20.3 
1450 
11.3 

366.6 
36.5 
1426 

10.41 
29.32 
25.00 
0.00 
8.89 
1.21 

15.18 
2.50 

3.62

1747 
106.9 
49.9 

131.0 
20.1 
1412 
22.3 

367,6 
306 
1417 

10.13 
28 69 

23628 25.71 

0.00 
8,10 
4407 

1366 
2.51 
3.Si 

--2.84.

49.09 
1.83 

1691 
11.34 

1.70 
2.68 
0.17 
5.64 
3-59 
328 
1.75 
1 13 

"99.77 

53,69 

181.0 
84.0 
45.3 

124.0 
12.2 

1439 
26.5 

379.8 
30.1 
1429 

10.32 
27.77 
26.37 

0.00 
7,77 
7.53 

1066 
2.47 
3.43 
2.92-

2.82' (2.86) 3.53 
2.90 

2 29

W,3

41.04 
1.85 

16.51 
11,43 

1.71 
8.74 

0.17 
5-65 
8.67 
3.50 

(1 43) 
1.19 

991.45

53.53 53.57 53.12

Qs3 

4962 
1 86 

1702 11.49 
1.72 
879 
0.17 
5.69 
M81 

3.09 
1 72 
1.21 

100 74

Q,3 

49.33 
1.86 

16,95 
11s50 

1.72 
3 SO 
0.17 
5.39 

9.94 
3.19 
1 73 
121 

1 0047

172.1 
111.5 
54.3 

133.3 
14.5 

1426 
25.2 

371.3 
31.5 
1406 

(345) 
(29.62) 

(25.22) 

(0.00) 
(8.96) 
(3.37) 

(13.36) 
(2.42) 
(3.52) 

___.96)

182.4 
102.8 
41 0 

134.2 
205 
1460 
29.9 

363 6 
32 6 

1334 

10 16 
26 16 
27.76 
0.00 
7 33 

12.20 
7.59 

2,50 

3.53

127.5 

979 
407 

1365 
179 

1449 
279 

371 0 
33 1 
1357 

1025 
27.02 
26.90 
000 

8 59 
3 43 

9.70 
2350 
I3.£ 
2199
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"Table 1. Major, trace-element (detennined by XRF) and normative compositions of Latlhrop Wells basalts

LWISFVP LW95FVP LW123FVP LW133FVPM1 LW133FVP-R LWI8FVP-B LW7SFVP-R LWI24FVP-B LWI24FVP-R L.WI34FVP LWISFVP LWI6FVP LWI4FVP

Qs3 

4943 
1 85 

16.84 
1150 

1.72 
380o 
0o17 
571 
816 
332 
1.77 
1 20 

10064

Qs3 Qs3 Qs4a

4898 
190 

1708 
iI 10 

1.77 
9.03 

018 
5 86 

866 
3.15 

(I 48) 
1.24 

100.32

53 63 5366 

193 I 111.0 

M052 '06 3 
494 464 

121 7 1420 
187 190 

1449 1493 
252 o30.5 

'67.4 3740 
3)4 27.7 

1214 1324 

1047 (573) 
2106 (26462) 
2594 (2824) 
0 0o (0.00) 
910 (623) 
6090 (12.16) 

11.49 (1.57) 
2 50 (2.57) 
330 (361) 

217 (296)

4904 
1-.9 

16.79 
1160 
I 74 
1.87 
0.11 
599 

344 
3.52 

(161) 
1 16 

10021 

54.61 

174 4 
1130 

559 
133 5 
22 6 
1420 
24.3 

366.3 
36.4 
t301 

(9.53) 
(29.76) 

(25.373 
(000) 
(3.04" 
(4..14) 

(2,52) 

(32.59)

4936 
1.17 

16.7?0 
11.31 

177 
904 
0.198 
6.21 
8 57 
320 
179 
1 20 

10089 

5507 

167 9 
297.0 
625 

1379 
206 
1432 
25.4 

362.2 
31.8 
1344 

1059 
27.09 
26.01 

0.00 
746 
7.95 

'11.72 
2-57 
3.156 
2.16

Qs4a Qs4b

41.90 

16.45 
1190 

1.71 
9 t0 
0.17 
6 32 
1.43 
3.49 

(1.74) 

100.40 

5S.30 

III 4 

406 I 
768 
144 1 

17.9 
1427 
267/ 

360.2 
320 
1239 

(10.26) 
(29.53) 
(24.19) 

(0.00) 

(1.38) 

(1621) 
(259) 
(346) 
-2.02-

49.17 
1.75 

16.63 
10.87 

1.61 
1.32 
0.17 
5.63 
2.40 
3 05 
1.91 
1.18 

99.37 

54.70 

1641 
103.2 

33.0 
134.5 

30.7 
1317 
32.0 

361.0 
31,4 
1330 

1.1.32 
25.76 
26.16 

m00 
7.10 

14.51 
S.42 
2.36 
3,33 
21.3

QS4b

49.34 
1.75 

16.68 
10.98 

1.65 
8.40 
0.17 
5.36 
8.29 
3.13 

(I.77) 
1.33 

9881t 

53.23 

1604 
102.2 
47.8 

145.9 
32 5 
1318 
32,0 

363.1 
32.8 
1292 

(10.48) 
(26.46) 
(26.35) 
(0.00) 
(5.67) 

(15.66) 
(4.71) 
(2.39) 
(3,32) 
01191

50.37 
1.79 

16.881 

11.09 
1.66 
1.49 
016 
5-62 
8.03 
3.47 
1.87 
1.17 

10051 

54.16 

165.9 
110.3 
48.8 

134.3 
30.8 
1334 
30.5 

357.9 
33 2 
1347 

I1 01 
29.35 
25.06 
000 
6.76 

10.27 
8171 
2.41 
3.40 
2,.0

Qs4b

49.46 
1.81 

1635 
11.21 
1 68 

0.18 
5 13 
8.11 
3.66 

(1,55) 
1.26 

99.21 

51.60 

169 1 
106.9 

39.4 
184 0 

28.6 
1349 
27.6 

3642 
38.7 
t212 

(917) 
(3092) 
(25.09) 
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(6.39) 
(9,28) 
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(3.44) 
( 3,011

Qs4b Qs4c Qs4c

0.11 
1.81t 

16.79 
11.21 

1.61 

8.51 
0.19 
5,70 
"7.94 
3.08 
I 93 
1.26 

100.04

48.20 
1.31 

16.07 
1205 

1,81 
9.22 
0.11 
7.09 
8.20 
3.18 
1 64 
1.17 

99.57

4865 
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16.24 
12.13 

1.32 
9.28 
0 Is 
7.14 
8.18 
3.17 

1 63 
1.18 

100.30

? 

49,13 
I 13 

16.$2 
11.61 

1.74 

0.17 
5.71 
7.98 
3.06 
1 67 
1 07 

99.09

5423 57.80 57.32 53.41

163.5 
125.0 

52.0 
140.5 
32.6 
1334 
28.1 

372.2 
30,1 
1251 

11.40 
26.03 
26.42 

0.00 
4.71 

17.51 
4.47 
2.44 
3,43 
3.02

171 7 
187 0 

110.4 
943 
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1372 
17.6 

352.3 
31.0 
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9.68 
26.87 
24.86 
0.00 

7.4! 
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15.17 
2.62 
3.44 

2.80

1694 
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106 5 
"990 
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1380 
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357 1 
266 
1317 
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26.15 
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0.00 
6.84 
7.72 

1434 

2 64 
3.42 

2.83

161.5 
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Table 1. Major, trace-element (determined by XRF) and normative compositions of Latbrop Wells basalLs 

LWI29FVP LW13JFVP-8

7 

49.06 

2.02 
10?9 

11.93 
1.79 
9.13 

0.18 
5.19 
7,84 

3.32 
1.96 
1.2I 

100.19 

53.49 

180.9 
301.2 

51.5 
133.1 
196 

1503, 

25.7 
332.0 

37,3 
3293

7

49.13 
1.34 

16.19 
11.40 

1.71 
9.72 
0.19 
5.73 
8.41 
3.47 
136 
1.23 

100 '35 

53.95 

131.2 
101.2 

47.6 
136.2 
22.1 
1393 
21.5 

369.6 
2It 

1320

1t.59 11.03 
21.1 29.36 
25.23 24.93 
0.00 0.00 
5,45 3-01 

7.65 363 
12.20 33.61 
2"9 2.43 
3.93 3,50 
2.90 2.1

CAns .a



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

Sample LW! IFVP LW12FVP LW74FVP LW45FVP LW72FVP LW73FVP LWIDOFVP LWIOIFVP LWU3OPVP 

Unit Qtl a Ql OiQUA Q1lb Qllb QOlb Qllb Qslb Qllc 

Rb 20 21 22 21 13 i19 19 20 22 

St 1.8 M8,9 18.87 19.1 18.7 19 19.04 18.7 18.8 

Co 30.8 31.1 30.6 31 30.5 30.5 30.7 30.4 29.8 

Sr 1430 1440 1420 1480 1400 1460 1470 1460 1470 

a 1410 1420 1430 1380 1370 1430 1430 1420 1410 

La 92.1 92.3 92.5 94.2 92.7 93,7 94.4 92.2 90.5 

Ce ISO 181 181 1a5 183 186.5 t85. 181.6 177 

Nd 72 74 80 78 72 80 84 76 72 

Sm 12.5 12.2 12,39 12.6 12.6 12.67 12.86 12.51 11.9 

Eu 3.19 3.17 3.15 328 3.29 3.27 3.32 3.18 3.07 

Tb 1.15 1.13 1.13 1.16 1.13 1.18 1.2 1.18 1.09 

Yb 2.36 2.3 2.29 2.42 2.39 2.38 2.34 2.29 2.24 

Lu 0.333 0.313 0.339 0.336 0.334 0.352 0.337 0.337 0.341 

Hf 7.22 7.34 7.21 7.27 7.24 7.35 7.35 7.12 6.91 

Ta 1.40 1.37 1.40 1.37 • 1.39 1.43 1.43 1.42 1.32 

Th 6.51 6.64 659 6.33 6.27 6.48 6.43 6.27 6.65 

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

LW31FVP LW32FVP LW63FVP

Qllc 

21 

19 

30-2 

1410 

1430 
92 

179 
71 

12.1 

3.09 
1.09 
2.28 

0.353 
7 

1.34 
6.84

Qllc 

18 
18.9 
30.6 
1390 
1450 
92.9 
181 

80 

12.4 
3.16 
L.13 
2.35 

0.338 
7.29 
1.37 
6.56

QIIc 

22.1 

19.4 
31.56 
1410 
1430 
93.2 

182.4 
74 

12.23 
3.16 
I.1l 
2.37 

0.345 
7.31 
1.34 
6.82

LW64FVP LW65FVP

Qllc 

23 
19.11 
30.27 
1450 
1430 
92.6 

180.2 
74 

12.2 
3.11 
1.13 
2.39 

0.338 
7.27 
1.35 
6.73

Qllc 

20.2 
19.13 
30.58 
1490 
1460 
93.3 

183.4 
75 

12.5 
3.21 

1.181 
2,36 

0.334 
7.28 
1.38 
6.69

LW66FVP LW67FVP LWI IOFVP

QIlc 

22 

19.46 

30.58 

1450 

1450 
'93.8 

182.6 
73 

12.43 

3.17 
1.15 

2.4 
0.343 

7.36 

1.39 
6.14

Qltc 

21 

19.4Z 

31.32 
1420 

1450 
93.3 

182 
74 

12.24 
3.14 

1.14 
2.42 
0.35 
7.24 
1.36 

6.77

QIIc 

22 
19.52 
30.8 
1420 
1510 
93.5 

193 
79 

12.39 
3.17 
1.15 
2.33 

0.338 
7.19 
1.39 
6.84

LWI 15FVP 

26 
19.66 

31.2 
1450 
1500 
94.2 

1i1.8 
78 

12.26 
3.16 
1.18 
2.37 

0.341 
7.36 
1.36 
6.73

LW93FVP LW20Fv P

Qsic 

20 
19.01 
30.74 
1410 
1470 
92.8 

181.3 
75 

12.29 
3.11 
1.19 
2.37 

0.346 
7.34 
1.39 
6.59

Qltd 

22 
11.6 

30.3 
1460 

1370 

91.9 

183 

77 

12.5 
3.23 

1.14 
2.36 

0.332 
7.26 
1.36 

6.17

ago 2



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

LW2LFVP LW22PVP LW23FVP LW79FVP LWOIFVP LW71FVP LWSFVP LW9FVP LWIOFVP LW33FVP LW34FVP 

Qlld Qild Qlld Qsld Qsir Qslr Qsiu Qslu Qslu Qslu Qslu 

19.3 19 20 20 22 20 23 21 20 20 21 
18.3 18.7 18.4 18.68 19.1 19 19.27 19.13 18.67 19.5 19.5 
-30.4 31.5 30.9 31.3 30-7 31 31.2 30.9 30.3 30.6 31.8 
1520 1500 1490" 1490 1420 1420 1540 1450 1470 1400 1390 
1320 1350 1330 '1360 1430 1400 1430 1430 1400 1420 1460 
90.3 92.6 91.7 92.6 93.1 94.6 95.2 94 92.1 94.1 94.3 

18! 114 193 184.4 183 197 184.9 I13.4 178.4 183 114 
78 73 81 78 74 73 79 76 80 77 70 

12.4 12,7 12.5 12.77 12.5 12.9 12.64 12.55 12.29 12.4 12.3 
3.24 3.28 3.21 3.26 3.18 3.31 3.28 3.22 3.17 3.18 3.22 
1.14 1.17 1.15 1.19 1.14 1.16 1.18 1.19 I.15 1.1 1.2 
2.34 2A42 2.27 2.42 2.36 2.47 2,32 2.32 2.29 2.4 2.37 

0.306 0.356 0.368 0.338 0.346 0.354 0.328 0.331 0.339 0.354 0.366 
7.04 7.17 7.16 7.29 7.35 7.29 7.31 7.23 7.11 7.24 7.26 
1.37 1.39 1.39 1.38 1.36 1.A3 1.42 1.40 1.39 1.35 1.39 
5.94 6.05 5.97 6.34 6.64 6.12 6.59 6.49 6.46 6.71 6.73

Page 3



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

LW35FVP LW42FVP LW43FVP LW46FVP LW47FVP LW49FVP

Qslu 

20 

19.3 
30.9 
1350 
1420 
94.4 
182 
73 

12.4 
3.18 

1.1 
2.33 

0.367 
7.06 
1.37 
6.65

Qslu 

19 
18.2 
29.4 
1430 
1340 
90.3 
179 

79 
12.1 
3.17 

1.1 
2.4 

0.313 
6.96 
1.34 
624

Qslu 

21 
11,5 
30.6 
1410 
1360 
91.5 
193 

79 
12.6 
3.25 
1.17 
2.31 

0.343 
7.22 
1.38 
6.11

Qslu 

21 
18.86 
30.31 
1430 
1430 
92.3 

181.1 
76 

12.32 
3.12 
1.13 
2.35 

0.336 
7.29 
1.37 
6.67

Qsiu 

22 
19.31 
31.05 
1400 
1450 
93.6 

183.7 
81 

12.4 
3.2 

1.15 
2.44 
0.34 

7.3 
1.39 
6.86

Quiu 

20 
19 

31.1 
1430 
142.0 
92.3 
18I 
73 

12.3 
3.15 

1.1 
2.32 

0.355 
7.11 
1.38 
6.55

LWSOFVP 

Qslu 

19.1 
19.02 
30.53 
1440 
1440 
92.8 

111.6 
73 

12.29 
3.16 
-1.16 
2.39 

0.339 
7.21 
1.36 
6.6

LWSIFVP LW98FVP

Qslu 

22 
19.1 
30.8 
1430 
1450 
92.8 
112 

77 
12.4 
3.19 
1.14 
2.32 

0.344 
7.2 

1.39 
6.68

Qslu 

21 

19.28 
31 

1460 

1470 
94.7 

186.2 
79 

12.76 
3.27 

1.19 
2.34 

0.337 
7.29 

1.41 
6.59

LW99FVP LWIO3FVP

Qslu 

19 
,9.41 
31.1 
1430 
1450 
95.9 

187.8 
79 

12.71 
3.32 
1.19 
2.42 

0.325 
7.37 
1.42 
6.65

Qslu 

22 
19.05 
30.73 
1460 
1450 
93.7 

183.8 
"77 

12.59 
3.22 
1.16 
2.31 

0.336 
7.4 

1.37 
6.66



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

LWI13FVP 

Qslu 

23 
19.12 
30.9 
1470 
1420 
94.1 

183.2 
82 

12.69 
3.29 
1.21 
2.31 

0.346 
7.26 
1.41 
6.55

LW) 16FVP LW112FVP LW06FVP LW07FVP LW19FVP LW40FVP LW4 IFVP LW44FVP LW25FVP LW27FVP

Qslu 

19 
19.09 
31.3 
1440 
1420 
94.3 

i93.2 
as 

12.66 
3.3 

1.16 
2.39 
0.33 
7.27 
1.42 
6.54

Qllu 

18 

S18.9 

32.9 
1490 
1460 
93.3 

185.6 
77 

12.69 
3.19 
1.18 
2.35 

0.337.  
7.11 
1.42 
6.38

Q12a 

19 
19.4 
30.6 
1310 
1460 

92 
179 
73 
12 

3.05 
1.1 

2.24 
0.335 

7.02 
1.35 
6.89

Qi2a 

22 
19.9 

-30.5 
1310 
1440 
93.5 
181 
70 

11.9 
3.15 
3.11 

2.4 
0.325 

7.29 
1.32 
6.98

QI2a 

23 
20.1 
304 
1390 
1480 
94.6 

183A 
74 

12.28 
3.14 
1.11 
2.36 

0.343 
7.23 
1.39 
7.15

QI2a 

.23 

19.75 
29,5 
1403 
1450 
93.5 

182.8 
75 

12.12 
3.16 
1.18 
2A3 

0.337 
7.32 
1.39 
7.06

Qi2a 

21 
19.8 
30.1 
1330 
1430 
93.9 
181 
71 

12.2 
3.11 
1.12 
2.38 

0.388 
7.24 
1.40 
6.9

Q12a 

20 

19.3 

30A 
1400 

1390 

92 
178 

72 

12 
3.08 

1.09 
2.32 

0.351 

6.92 
1.35 
6.84

Q126 

21 
19 

30.6 
1470 
1420 
93-2 
183 

76 
12.1 
3.13 
1.11 
2.32 

0.327 
7.1 

1.39 
6.59

QI2b 

21 
19.3 
30.7 
1450 
1400 
93.6 
183 
79 

12.1 
3.19 
1.08 
2.38 

0.342 
7.22 
1.36 
6.51
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Table 2. Trace-element compositions of Lathrop Wells basalts determined by INAA

LW28FVP LW29FVP LW96FVP LW97FVP LWI04FVP

Ql2b 

22 
19.7 
29.7 
1390 
1410 
93.1 
130 
78 

11.9 
3.1 

1.11 
2.33 

0.334 
7.16 
1.37 
7.12

QI2b 

21 
19.3 
30.9 
1370 
1400 
93.9 
183 
76 

12.4 
3.21 
1.13 
2.35 

0.348 
7.31 
1.34 
6.61

Qs2fs 

21.6 

19.29 
30.48 
1400 
1410 
93.2 

180.1 
75 
12 

3.12 
1.12 
2.38 

0.339 
7.17 
1.38 
6.86

Qs2fs 

20 
19.37 

31.13 

1380 

1400 
92.8 

179.7 
75 

12.04 

3.11 

1.1 

2.37 
0.341 

7.11 
1.37 

6.84

Qs2fs 

22 
19.15 
30.76 
1460 
1430 
91.6 

181.3 
79 

12.03 
3.12 
1.1 

2.33 
0.328 

7.24 
1.37 
6.83

LW 1T4FVP 

Qs2fs 

24 
19.83 
31.2 
1410 
1450 
94.2 

179.8 
80 

12.28 
3.15 
1.13 
2.33 

0.333 
7.22 
1.39 
6.96

LWI I SFVP 

Qs2rs 

23 
19.53 
3012 
1380 
1410 

93 
177.7 

75 

12.06 
3.1 
1I.  

2.28 
0.334 

7.18 
1.37 
7.03

LW! 19FVP 

Qs2s

25 
19.82 

30A 
1370 
1430 
94.1 

177.3 
a1 

12.01 
3.12 
1.14 
2.43 
0.34 
7.14 
1.41 
7.12

S- 4 q*.

LWI26FVP LWI27FVP

Qs2fs 

20 
20.2 
30.7 
1530 
1460 
95.2 

185.7 
76 

12.24 
3.18 
1.16 
2.39 

0.333 
7.24 
1.41 
7.09

22 
19.11 
30.6 
1470 
1470 
92.1 

180.6 
74 

12.12 
3.12 
1.15 
2.24 

0.349 
7.13 
1.40 
6.66



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

LWI30FVP LW132FVP

Qs2rfs 

22 

19.75 
31.4 
1400 

1420 

93.7 

179.1 

82 
12.12 

3.15 

1.14 
2.33 

0.323 
7.16 
1.40 

7

Q.rs 

19 
19.34 
30.8 
1410 
1440 
91-2 

175.4 
75 

11.98 
3.01 
1.12 
2.29 

0.329 
7.03 
1.39 
6,86

LWI35FVP 

Qs2 f

25 

19.51 

30.7 
1410 

1490 

92.6 

183.7 

78 

12.19 

3.17 
1.17 

2.33 
0.318 
7.23 
1.39 
6.78

LW36FVP LW37FVP LW38FVP LW6oFVP LW61FVP LW62FVP LWO2FVP LW03FVP

Qs2u 

22 

19.6 

30,9 
1320 

1460 

94.2 

184 

72 
12.2 

3.16 

1.11 

2.36 
0.352 

7.28 
1.37 

6.78

Qs2u 

22 

19.7 

31.1 
1310 

1430 

95 

185 

72 
12.3 
3.18 

1.11 
2.35 

0.344 
7.34 

1.36 
6.93

Qs2u 

23 
19.5 
31.2 
1380 
1400 
94.1 
184 
71 

12.3 
3.22 
1.14 

2.37 
0.331 

7.2 
1.34 

6.66

Q13

20.3 
19.9 

30 
1330 
1410 
94A 
181 
65 

12.1 
3.1 

1.11 
2.35 

0.359 
7.14 
1.38 
7.26

Q13

21 
19.7 
29.8 
1460 
1430 
94.1 
179 
74 
12 

3.06 
1.1 

2.34 
0.338 

7.12 
1,37 
7.29

Q13

22 
19.9 
29.9 
1330 
1380 
94.6 
180 
71 

12.1 
3.12 

I.1 
2.38 

0.346 
7.21 
1.37 
7.4

Qs3
Qs3

21 

20.3 
28.1 

1330 

1410 

97.1 

186 

77 
12.2 

3.16 

1.13 

2.36 
0.36 
7.41 

1.38 
7.69

23 
19.7 
30.3 
1340 
1410 
93.3 
178 
68 
12 

3.06 
1.07 
2.43 

0.339 
7.22 
1.40 
7.19

' Ptan 7
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Table 2. Trace-element compositions of Lathrop Wells basalts determined by TNAA

LW69FVP LW7OFVP LW75FVP

Qs3 

23 
19.9 
29.4 
1400 
1400 
94.6 
182 
80 

12.1 
3.11 
1.11 
2.38 

0-361 
7.15 
1.37 
7.21

Qs3 

21 
19.9 

30 
1390 
1420 
95.1 
182 
72 

12.1 
3.12 
1.09 
2-29 

0.344 
7.22 
1.37 
7.25

Qs3 

21.6 
19.71 
30.62 
1380 
1400 
93.8 

130.5 
75 

12.06 
3.06 
1.14 
2.37 

0.341 
7.29 
1.39 
7.03

LW76FVP LW8OFVP LWIIFVP

Qs3 

20.2 
19.84 
30.66 
1410 
1400 
93.2 

181.1 
75 

11.94 
3.11 

*1.17 

•2.36 
0.353 

7.2 
1.37 
7.13

Qs3 

21 
19.5 

30 
1410 
1430 
932 
178 
78 

11.8 
3.1 
1.1 

2.28 
0.37 

• 6.98 

1.36 
6.92

Qs3 

24 
19.9 
30.3 
1370 
1420 
94.7 
182 
76 

12.2 
3.12 
1.11 
2.33 

0.357 
7.13 
1.37 
7.35

LW92BFVP 

Qs3 

24 
20.03 
29.77 

1400 
1460 
95.6 

183.9 
75 

11.94 
3.11 
1.12 
2.39 

0.348 
7.41 
1.39 
7.56

LW82RFVP 

Qs3 

20 
19.92 
30.54 
1370 
1420 
94.8 

181.9 
74 

12.18 
3.14 
1.15 
2.39 

0.349 
7.37 
1.36 
6.97

LWS6FVP LW87FVP LWSSFVP

Q.3 

21 

20.13 
29.-3 

1410 

1430 
96.1 

184.4 
70 

12.26 

3.1 

1.15 

2.41 
0.36 
7.43 

1.39 
7.42

Qs3

22.4 
20.07 
29.68 
1430 
1431 

96 
184.9 

74 
12.22 
3.15 
1.13 
2A4 

0.351 
7.31 
1.35 
7.53

Qs3

23 
19.84 
29.61 
1400 
1420 
94.6 

182.4 
72 

12-06 
3.09 
1.15 
2.45 

0.349 
7.23 
1.34 
7.47

0 -
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Table 2. Trace-element compositions of Ladbrop Wells basaits determined by INAA

LW95FVP LW123FVP LW133FVP-R- LW!331VP-B LW78FVP-B LW7RFVP-R LWI24FVP-B LWI24FVP-R LW134FVP 

Qs3 Qs3 Qs4a Qs4a Qs4b Qs4b Qs4b Qs4b Qs4b 

Is 21 21 21 34 34.4 32 28 36 
20.21 19.5? ,5.17 19.57 13.76 19.03 19.15 19.29 19.09 
30.65 30.6 32.8 32 28.88 28.89 21.9 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 92.2 92.2 91.7 96.2 91.1 93.7 96.4 

126.3 179.8 1392.1 179.5 175.9 179.6 176.2 179.1 188.6 
77 77 74 80 73 75 71 73 75 

12.4 11.89 11.95 1:.95 tl.8 12.57 11.91 12.13 12.56 
3.19 3.05 3.07 1.07 2.91 3.07 2.96 2.96 3.15 
1.14 1.16 111 .I!1 1.12 1.23 1.16 1.16 1.23 
2A4 2.33 2.48 2.3 2.54 2.8 2.48 2.9 2.89 

0.348 0.334 0.35 0.349 0.38 0.405 0.35 0.399 0.403 
7.35 7.05 7.15 7.13 7.4 7.35 7.38 7.2 7.69 1-39 1.40 IA1 .1.39 1.38 1.33 1.38 1.42 i.47 
7.34 6.89 6.9S 6.31 8.32 9.01 8.1 8.18 9.18 

EXAMPLE 

Paet



Table 2. Trace-clement compositions of Lathrop Wells bants detemdnied by INAA 

LWISFVP LW16FVP LW14FVP 

Qs4c QS4C 

1 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 
67 66 68 

114 11.3 11.2 
3 2.94 2.99 

1.06 1.04 1.03 
2.23 2.18 2.23 

0,333 0.314 0.334 
6.94 6.87 7.22 
1.29 1.:i 1.30 
6.77 6.82 6.1

Pqe 10



Table 3. Replicate INAA analyses of LW27FVP

Sample 

LW27FVP' 

NMISFVP' 

NMI9FVP' 

NM2OFVP1 

NM30FVPI 

NM34FVP' 
NM4l1FVP' 

NM42FVP' 

NM43FVFP 

NM45 VP' 
NM48FVP'

Meam 
Standard Deviation 
Percent Standard 
Deviation (1 00.s/mcan)

Sc 

19.3 

19.4 

19..  

19.3 

19.23 

19.2 

19.24 

19.15 

19.13 

19.44 

19.36 

19.42 

19.28 
0.11 

0.55

Co 

30.7 

31.1 

30.7 

30.8 

30.81 

30.64 

30.66 

30.66 

30.6 

31.2 

30.7 

31

Rb 

21 

18 

23 

19 

21 

20.3 

21 

21 

20 

20 

17 

18

Sr 
1450 

1370 

1410 

1420 

1430 

1440 

1440 

1430 

1410 

1430 

1440 

1360

Ba 

1400 

1430 

1430 

1440 

1430 

1430 

1460 

1440 

1470 

1500 

1480 

1470

30.80 19.94 1419.17 144833 
0.20 1.68 28.11 27.91

0.64 8.42 1.98 1.93

La 

93.6 

93.9 

92.8 

93.3 

93.4 

92.9 

93.1 

92.6 

92.8 

94.2 

93.8 

93.7

Ce 

:83 

183 

181 

183 

83.4 

183.8 

182.7 
182.5 

181.3 

183.7 

183 

183.7

93.34 12.894 
0-51 0.89

0.55 0.49

Sample 

LW27FVP' 

NM18FVP' 
NM I FVp' 

NM20FVP' 

NM30FVP' 
NM33FVP' 
NM34FVP2 

NM41IFyI" 

N.M42FVPO 
NM43FVP'3 

NM45FW 
NM48FV

Mean 
Standard Deviation 
Percent Standard 
Deviation (1 00s/mean)

Sm 

12.1 

12.4 

12.4 

12.4 

12.33 
12.36 

12.47 

12.26 

12.39 

12.64 

12.56 

12.33 

12.39 
0.14 

1.1!

Eu 
3.19 

3.19 
3.16 

3.19 

3.17 

3.19 
3.19 

3.19 
3.16 

3-22 
3.24 

3.28 

3,20 
0.03 

1.08

Tb 

1.08 

1.13 
1.14 

1.13 

1.12 
1.14 

1.16 

1.17 

1.18 

1.19 
1.19 

1.17 

1.15 
0.03 

2.85

Yb 

2.38 

235 

2.33 

2.25 

2.39 

2.41 

2.39 

2.33 

2.31 

2.35 

2.31 
2.33

Lu HI
0.340 

0.350 

0.360 

0.360 

0-332 

0.340 

0.342 

0.341 
0.336 

0.335 

0.353 

0.339

2.34 0.344 
0.04 0.009 

1.89 2.76

7.22 

7.22 
7.23 

7.14 

7.37 

7,36 
7.27 

7.3 

7.33 

7.33 
7,34 
739 

7.2M 
0.08 

1.04

Ta Th
1.36 

138 

1.4 

1.37 
1.36 

1.37 

1.38 

136 
1,42 
SIA 

1.34 

1.34 

1.37 
0.02 

1,77

641t 

6.65 

GtES 

6,$6 &71 

6.76 

648 

6A3 
6.60 
6C7-

6.69 
0-10 

I .55

"13.2 Sample group

Nd 

79 

71 

73 

78 

77 

78 

77 

77 

77 

78 

75 

73

76AS 

250 

3.29



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

Sample LWIIFVW LWI2FVP LW2OFVP LW22FVP LWI13FVP LW7FVP LW41FVP LW27FVP LW29FVP LW96FVP LW97FVp LWII8FVP 

Unit Qiua Q11a Qld QIld Qslu Q12a QI2a Q12b QI2b Qs2fs Qs.s- Qs2fs 

Rb 19.10 19.10 17.76 15.69 20.60 19.90 20.47 19.36 19.60 20.50 20.40 21.40 

Sr 1452 1446 1422 1495 1461 1399 139i 1424 1431 1410 1413 1386 

OSrP'Sr 0.707021 0.707047 0.107084 0.707077 0.707039 0.707006 0.707011 0.707033 0.707034 0.706978 0.707044 0.707003 

SI 12.43 12.33 12.56 12.79 12.40 12.00 12.05 12.16 12.26 12.10 12.00 11.90 

Nd 90.10 89.11 90.50 91.99 99.20 86.50 8730 87.99 82.44 87.60 86.70 86.10 

"'Nd/1M Nd 0,512135 03512110 0.512142 03512142 0.512130 0.512123 0.512125 3.512114 0.512124 0.512120 0.512123 0.512113 

E -9.81 -10.30 -9.68 -9.68 -9.91 -10.00 -10.01 -10.22 -10.03 -10.10 -10.00 -10.20 

Ph 11.0 11.1 10.1 10.2 11.1 11.7' 10.8 11.0 11.0 12.3 .2.2 11.8 

mnPb Pb 38.264 38.323 38.32 38.343 38.288 38.296 38.222 38.316 38.365 38.36 38.328 38.323 

'Wpb/RPb 15.514 15.528 15.52 13.527 15.519 15.527 15.505 15.528 15,542 15.545 15.536 15.535 

'Pbl'Pb 18.345 18.353 18.372 1,.389 18.355 18.336 18.312 18.343 18.354 18.352 18.341 18361



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

Sample LWSOFVP LWSIFVP LWISFVP LWI6FVP 

Unit Qs3 Qs3 Qs4c Qs4c 

Rb 20.62 20.59 19.57 19.64 

Sr 1375 1361 4321 1321 

"•SrtSr 0.707024 0.707022 0.707062 0307062 

Sni 11.99 11.84 11.43 11.39 
Nd 85.97 85.80 82.90 82.88 

'ONd/'"Nd 0312126 0.512135 0.512120 0.512132 

EpM A. -9.75 -10.10 -9.87 

Pb 14.9 13.1 12.4 11.2 

'"Pbt"Pb 31.032 38.288 1 .269 38.33 

1Pb/'Pb 15.416 15.54 15.52 15,537 

RnPb/MPb 18.17 19.522 18&.12 13.349

.1



Table, 5. Replicate solid-sourcemmS spectro•copy awlyses of LW4 I FVP

Sampie

LW411PV? 
LWI3FVP 
DPSFVP 
DP4PVP 
DPSFVP 
DPS? VP

Men 
Standard Devibiaon 

Percent Standard 
Deviatks (ts/mmn)

Rb Sr "SrtSr Sm Nd 'Nd/"-'Nd e , Pb 

20.47 1395.00 0.07011 12.1 37.3 0.512125 -10.01 10.8 
19.54 1380.00 -,707042 12.0 17.1 0412125.-10.01 10.8 
20.50 1407.00 0.70701.8 12.0 87.2 0.5121183-10.14 10.7 
20.50 1412.00 01707002, 11.9 87.2 0.12134 -9.83 10.8 
20.20 1398.00 0.707013 12,1 66.9 0312.127 -9.97 50.0 
20.20 1407.00 0,707007 12.0 36.0 0.512132 -9.87 10.5 

2024 1399.83 0,70701:6 12.01 87.04 0.512127 -9.97 10.59 
0.37 11.53 0.000014 0.06 0.26 0.000006 0.11 0.34

1.828 0.827 0.002 0.479 0.296 0.001 1.11 3.166

*nv~unn?"Pbia m b"Pb~

38.222 
318.231 

38.329 
38.217 

31.24 

31.254 
0.044

0.114

15.505 
155.51 

15.524 
15-538 
15.504 
15.511

18.312 
18.322 
18.335 
12-343 

18.33 
18.328

15.515 18.328 
0.013 0.011

0.085

!a.t I+

0.059



Table 6. Composition of olivine phenocrysts and groundmass (gin)from LW2 1FVP of QI id

Point Iw21fvp#lab Iw2ltfvp lia lw2lpfv_.Il a Iw2lfvp# NIrw2lfvp#la lw21fvp .Iatw2Ifvp #Iae tw2Ifvp#_Ibb lw2Ifvp #Ib Iw2lfvp_#Ib 

SiOz 38.04 38.80 38.26 37.99 38.26 38.09 37.96 38.16 38.00 38.10 MgO 36.91 40.19 38.85 38.75 39.21 40.09 39.73 39.74. 39.98 40.12 FeO 24A46 20'701 22.04 22.35 21.78 20.96 21.32 21.00 20.59 20.65 C8O 0.19 0.14 0.15 0.13 0.13 0.13 0.17 0.16 0.14 0.14 MnO 0.35 0.30 0.32 0.29 0.31 0.28 0.30 0.26 0.32 0.27 NiO 0.13 01.9 0.16 0.18 0.21 0.25 0.23 0.24 0.27 0.23 TOTAL 100.08 100.42 99.76 99.69 99.90 99.79 99.70 99.56 99.29 99.50 

Cations based on 4 oxygens 
Si [.00 1.00 [.00 0.99 1.00 0.99 0.99 0.99 0.99 0.99 Mg 1.45 1.54 1.51 1.51 1,52 1.55 1.54 1.54 1.55 1.56 Fe 0.54 0.45 0.48 0,49 0.47 0.46 0.46 0.46 0.45 0.45 Ca 0.01 0.00 0.00 0.00 0.00 0,00 0.01 0.00 0.00 0.00 Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Ni fl A•.n0 ,nnn ,An.n....

72.81 
-27.06

77.49 

22.39

uasJ 

75.75 
24.11

0.00 

75.45 
24.41

0.00 

76.11 
23.73

0.01 

77.22 
22.65

0.01 

76.80 
23.12

0.01 

77.08 
22.85

0.01 

77,46 
2238

0.01 

77.51 

22.39

Pes



Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21 FVP of QIl d

lw2tfvp_#ibe lw2tfvp_#2b 1w2lfvpj _#2 lw2tfvpw#2 Lw2Ifvp#ý2 lw2Zfvp_#2 Iw2Ifvp_#2e lw2If_3b lw2lfvp. iw2Ifvp_3 1w21fvp_3

37.73 
40.02 
21.16 

0.13 
0.25 
0.23 

99531 

0.98 
1.56 
0.46 
0.00 
0.01 
0.01 

77.05 
22-86

38.08 
40,24 
20.59 

0,12 
0.27 
0.23 

"99.53 

0.99 
1.56 
0.45 
0.00 
0.01 
0.01 

77.60 
2227

38.62 
4043 
20.99 

0.14 
0.33 
0.24 

100,75 

0.99 
1.55 
0,45 
0.00 
0.01 
0.01 

77.30 
22.52

38.26 

40.10 

20.94 
0.14 

0.29 
0.26 

100.01 

0.99 

1.55 
GAS 
0.00 
0.01 
0.61 

77.24 
22.63

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 
0.4 
0.23 
0,31 

99.64 

0.98 
1.56 
0.45 
0. JP 
0.01 
0.01

37A1 
40.35 
20.92 

0.12 
0.26 
0.29 

99.36 

0.98 
1.57 
0.46 
0.00 
0.0! 
0.01

37.46 
40.15 
20.61 

0.13 
0.26 
026 

98.86 

0.98 
1.57 
0.45 
0.00 
0.01 
0.0t

37.62 
39.17 
21.57 
0.19 
0.28 
0.16 

98.9.  

0.99 
1.53 
0A7 
0.01 
0.01 
0.00 

76.37 
23.59

37.64 
3Wit 
23.24 

0.25 
0.30 
0.05 

"99.63 

0.99 
1.50 
0.51 
0.01 
"0I01 
0.00 

74.55 
25.46

77.50 77.37 77.55 
22.44 22.5! 22.34



Tabie 6. Composition of olivine phenocrysts and groundnass (gin) from LW21FVP ofQiIJd

lw2IfvpI lw2lvp_3 1w21fvp_3c w2tfvp#4ab lw2frvp#4. waw2p#44 iw2lfrpY4.w21vp #4. Iw2lfp 14a Iw2fvp_#4a&c w2lfvp#4bb

37 19 

39.97 

20.39 
0.14 
026 
022 

91.23 

0 91 

1 57 
0 45 

0ow 

oa" 
001

37.03 

39.64 
2 !.21 

o 17 

030 
0.22 

98.63 

0.91 
1 56 
047 

0.0 
0.01 

0.01

77 " 76-1 
2,2213 31

36.10 
31.96 
21.71 

0.17 
0-31 
0.11 

"91.06 

0.91 
1 ¶5 
0.43 
0.01 
0.01 

60v 

76-10 
23-79

37.31 
3A07 
23.02 

0.26 
036 
0.12 

99.15 

0'99 
10,0 
0.51 
001 
0.01 
0.00 

74.64 
2513

37.60 
40.06 
20.73 

0.15 
0.28 

99.04 

0.98 
1.56 
0.4$ 
0.00 
0,01 
0.00 

"2A43 
22.47

37-31 
39.47 
21.53 

0.16 
0.26 
0.19 

"99.42 

."99 
1.54 
0.47 
ow0 

0.00 

74-52 
2)42

37.73 
39.40 
21.26 

0.15 
0.28 
0.19 

98.99 

0.99 
1.54 
0.47 
0.00 
0.01 
8.00 

71.61 
23.22

37.66 
39.58 
21.39 

0.14 
0.33 
0.22 

"9932 

0.99 
1.54 
0.47 
0.00 
0.01 
0.01 

76.61 
23.22

37.39 
40.05 
20.62 

0.12 
0.26 
0.22 

"99.16 

0.99 
1.56 
0.45 
0.00 
"0I09 
0.01 

77.50 
22.39

37.91 
40.12 
20.14 

0.15 
0.33 
0.16 

91.70 

0.99 
1.5' 
0.44 
0.00 
0.01 
0.00 

77.91 
21.94

31.19 
40.29 
20.72 

0.12 
0.28 
0.20 

"99.80

0.99 
S.56 

0.45 
0.00 

001 
0.00

77.50 

22.36

f'O3



Table 6. ,Composition ofgoliviine phenocrysts and groundmass (gin) from LW21FVP of QIld

h42 • fvp_4b Iv.'2Ifvp_#4b lw2Ifvp #4be lw2lfvp_#Sab lw2IfvpMSa lw2Ifvp_#Sa lw2lfvp #Sa lw21fvp #5a lw21fvp_#5a lw2lfvpf#iac lw2Ifvp_#6b 

3808 31.23 36,36 37-98 39.19 39.35 31.27 38.25 38.24 3800 3697 

40 31 40.21 3.4.10 39.35 39.72 39,98 39.68 39.82 39.97 38.41 3498 

2057 20.69 2765 21.79 20.96 21.60 21.52 21.58 21.22 22.94 26 54 

4).!5 0 14 0.41 0.21 0.17 0.13 0.13 0.13 0.12 0.17 025 

0.27 025 0.44 0.32 0.29 0.25 0.23 0.26 0.30 0.34 0.40 

0.27 0.23 0.15 0.07 0.19 0.29 0,16 0.26 0.24 O.11 0 12 

99 72 99.75 99.17 99.61 99.56 - 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 1.33 1.53 1.54 1.54 1.54 1.54 1.54 1.50 1A40 

045 045 0.63 0.48 0.46 0.47 0.47 0.41 0.46 0.50 060 

000 0.00 0.01 0.01 0.0 0.00 0.00 0.00 000 0.01 001 

001 001 001 0.01 0.0) 001 0.01 I.3l 0.01 001 0.01 

001 001 0.00 0.00 000 001 0.00 001 001 000 000 

77.71 77.5e 6.16 76,25 77.09 76 67 76.61 76 60 76.92 7450 7007 

2221 223V 31.33 23 69 22.12 23,24 23.31 23-29 22 92 Z506 2Q984

Pop 4



Table 6. Composition, ,f doivine phenocrysts and groundmass (gin) from LW21FVP of QI ld 

Iw2lfvp.#6 Iw21fvp_#6 lw21fvpf_#6 Iw2Ifvp_#6c Iw2Ifvpj7a lw21Ilfvp7a Iw2lvpýjalIw2lfvp.ja Iw2lfvpja Iw2Ifvpjlb Iw2Iifvp_b 1w2tfvplb 

38.20 37.54 38 15 37.83 37.61 38.16 33.10 38.24 38.25 39.33 38.26 38.20 

39.85 39.96 40.27 37.93 37 s9 4026 40.36 40.14 40.24 40.20 40.24 40.07 

21 06 20.89 20.97 23.43 23.52 21.20 21.13 21.12 20.89 21.25 21.01 20.93 

0 14 0.12 0.15 0.20 0125 0.16 0.16 0.12 0.13 0.198 0.3 0.15 

0 23 0 29 0.27 0.34 0.33 0.23 0.24 0.26 0.23 0.30 0.27 0.21 

0 27 022 0.23 0.19 0.14 0.21 0.20 0.23 0.23 0.21 0.28 0.23 

99.75 99.00 100.04 99.91 99.25 100.22 100.18 100.11 99.99 100.46 100.19 99.79 

0.99 0.91 0.99 0.99 0,99 0.99 0.99 0.99 0.99 0.99 0.99 0,99 

1.54 1.56 I.56 1.49 1.47 1.55 3.56 3.55 1.55 1.55 1.55 1.55 

046 046 045 0.51 0.52 0.46 0.46 0.46 0.45 0.46 0.43 0G45 

000 000 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 

001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 

001 001 0.01 0.00 0.00 0,00 0.00 0.01 0.01 0.00 0.01 0.01 

7709 77.20 77.32 74.19 73.91 77.1 77.26 77.11 77.39 77.06 77126 77.32 

22 96 22.64 22.59 25.72 26.08 2".4 22.70 22.77 22.54 22.15 22.63 22.66

Pomw



Table 6. tumposition of olivine phenocrysts and groundmass (gm) from LW2 1FVP of Qi I d

lw2Ifvp_7b Iw2lfvplb tw21fvpg Iw2lfvpj I w2Ifvp_3 1w21fvpl Iw21fvpc Iw2Ifvp9b Iw2lfvp_9 lw2Ifvp_9 lw2Ifvp_9e Iw2Ifvp 9ab

37.56 

39.80 

21.47 

0.15 
0.25 

0.26 

99.49 

0.91 
1.55 
0.47 
0.00 
001 
001

37.47 

39.09 

22.14 
0.16 
0.30 

0.21 

99,37 

0.91 

1.53 
0.49 

0.00 
0.0! 
0,00

37.37 
39.25 

22.12 

0.10 
0.29 
0.14 

9 '47 

0.98 
1.54 
0.49 

0.00 
001 
0.00

3830 

39-98 
21.17 

0.16 
024 
0-24 

100.07 

0.99 
1 54 
046 
000 
001 
0.01 

7706 

2290

37.52 

39.57 

21.52 

0.15 

0.29 
0.28 

"99.33 

0.98 

1.55 
0.47 
0.00 
0.01 
0.01

37.61 
39.40 
21.66 

0.17 
0.32 
0,21 

99-38 

0.99 
1.54 
0,48 
0,01 
0.01 
0.00

76.13 76.33 
23.3S 23.55

35.61 
31.69 
30.64 

0.35 
0.58 
0.03 

98.90 

0.91 
1.30 
0.71 
0.01 
0.01 
0.00 

64.72 
35.12

37.68 
39.96 
21.00 

0.16 
0.28 
0.30 

"99.28 

0.99 
1155 
0.46 
0.01 
0.01 
0.01

37.44 
40.00 

21.08 
0.13 

0.27 

0.25 
99.17 

0.98 
1.56 

0.46 
0.00 

0.01 
0.01

37.62 
40,10 

20.71 
0.12 

025 
0.27 

99.06 

0.98 

1.56 
0.45 

0.00 
0.01 
0.01

77.13 77.10 77.46 
22.79 22.79 22.44

POpI

76,71 75.20 75.14 

23-22 .24,09 23.9s

37.57 
40.10 
20.93 

0.15 

0.29 

0.25 

99.29 

0.98 

1.56 
0.46 
0.00 
0.01 
0.01 

77.26 
22.62

37.25 
38.15 

22.86 
0.25 

0.37 

0.10 

98.97 

0.99 
1.51 
0.51 
0.01 

0.01 

0.00 

74.90 

25.15



Table 6. Composition of olivine phenoc-ysts and grovndmass (gin) from LW21FV P of Ql ild 

,w2Ifvp_.9a lw2lfvp_9a lw2lfvp_9a Lw2Ifvp9_ga lw2lfvp_9ac lw2lfvpjl2b lw2lfvp_#12 Iw2lfvpYII2 lw2lfvp_#12 lw2lfvp_#12e lw2lfvp_#14b 

37.78 37.64 37.53 37.43 37.55 37.87 39.45 38.26 38.24 37.43 37.87 

3964 39.10 40.13 39.94 39.89 31.41 39.92 39.92 39-81 35.52 37.91 

21.31 21.05 21.26 21.09 21.34 22.77 21.31 21.46 21.28 26.02 23.90 

0 15 0.15 0.15 0.15 0.20 0.42 0.17 0.16 0.15 0.24 0.19 

0 22 0.26 0.29 0.26 0.27 0.33 0.27 0.29 0.21 0.53 0.32 

021 021 0.18 0.20 0.21 0.07 0.16 0.20 0.16 0.14 0.11 

99.36 9901 99.54 99.07 99.45 99.85 100.27 100.29 99.92 99.8 100.30 

0 99 0 99 0.93 0.91 0.98 0.99 0.99 0.99 0.99 1.00 0.99 

1 55 1.55 1.56 1.56 1-55 1.50 1.54 1.54 1.54 1.41 1.41 

0 47 0.46 0.46 0.46 0.47 0.50 0.46 0.47 0.46 0.58 0.52 
00 00o0 0.00 0,0 o.0 1 0.01 0.01 0.0o00,M o.o0oo0.0t 

001 0.01 0,0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.o01 

000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

76 83 770! 77.01 77.08 76.90 75.2'u 76.90 76.75 76.14 70.69 73.81 

23.14 22.91 22f19 22,84 23.01 25.02 23,04 23.15 23.05 29.05 26.11

fALaMia1



Table 6. Composition of olivine phenocrysts and groundmass (gmi) from LW21FVP of QI id

tw2l1vp_#14 lw2lfvp_#14 Iw2lfvpf14e lw2lfvp_#13a

39.79 

3849 

2t.51 
0.22 
0.31 

0.12 
99.51 

1.01 

1.49 
0 47 
001 
001 
000 

16.05 

2392

31.41 
39.19 

21.91 
0.22 
0.31 

0.12 
100.22 

1.00 
1.52 

0.48 
0.01 
0.01 
000 

76.03 

23 el

37.45 
35.94 

25.3 I 

0.26 

0A3.  
0.10 

"9949 

1.00 
I.A3 
0.56 
0.01 

0.01 

0.00 

71.59 

23.29

gm 
35.73 

30.99 

30.09 
1.1! 
0.60 

0.02 
93.59 

0.99 

1.23 
0.70 
0.04 

0.01 

0.00 

65.42 
35.64

iw21fvp_#13a 
gm 

36.55 

32.14 

29.41 
0.36 
0.62 
0.02 

"Ail

1.00 
1.31 
0.67 
0.01 
0.01 
0.00 

65.95 
33.16

Iw2IfvptI3bb 
gm 

35.1t6 

29.15 
32.89 

0.34 
0.66 
0.01 

98.92 

1.00 
1.21 
0.77 
0.01 
0.02 
0.00 

61.01 
38.66

lw2 f, vp# 13b 
gm 

35.92 
31.42 
30.32 

0.73 
0.58 
0.09 

99.06

0.99 
1.29 
0.70 
0.02 
0.01 
0.00 

65.14 
35.26

1w21 fvp_#t3be 
gm

3.5.23 
21.25 
32.97 

1.29 

0.61 

0.00 

93.34 

0.99 
1.19 
0.79 
0.04 
0.02 

0.00 

61.19 

40.06

1w21 fvp_•l4ab 
gm

36.73 35.15 
25.77 

0.70 
0.45 
0.05 

91.35

0.99 1.41 
0.53 
0.02 
0.01 
0.00

"71.21 29.29

1w21 fvp.. I4ae 
gm 

36.10 
35.80 
25.04 

0.92 

0.43 

0.07 

"99.06

0.99 1.43 

0.56 
0.03 

0.0! 

0.00 

72.42 

28.42

DN a



Table 6. Composition of olivine phenocrysts and groundmass (gm) from LW21IFVP of Q1ld

1w2 I fvp_# 14a 

gin 
37.47 
35.43 
25-97 

0.39 
0.43 
0.04 

"99.70

1.00 
1.41 

0.58 

0.01 
0.01 
000 

70.91 

2916

lw2l fvp_#4bb 
gm 

35.34 

27.81 

33.93 
0.45 

0.74 

0.04 

98.32 

1.00 
1.17 

0.10 

0.01 
0.02 

0.00 

59.24 

40.56

1w2 1 fvp b14b 
g~m 

35.54 

28.17 
33.97 

0.63 

0,.0 
0.03.  

"99.04 

1[00 

1.!! 
0.79 
0.02 
0.02 
0.00 

59.71 
40.:28

Iw2) Ip_#14ba 

35.26 

27.80 
34.74 
0.44 
0.80 
0.01 

99.05 

0.99 
1.17 
0., 2 
0.01 
0.02 
0.00 

51.61 
41.10

D*- *&A



Table 7. Composition of olivine phenocrysts from LW73FVP of QIlb

Point lw73fvp_ #b lw7jivp_#I lw13fvp_#l lw73fvp_#l lw73fvp fie lw73fvp_#3b lw73rvpN#3 lw73fvp_#3 lw73fvp_#3 lw73fvpeuc

SiO2 

MgO 
FcO 
Cato 

MnO 

NiO 
TOTAL

37.52 

38.69 

22.49 
0.16 

0.37 

0.16 

"99.39

Cations based on 4 oxygens 

Si 0.99 

Mg 1.52 

Fe 0.50 

Ca 000 

Mn 0.01 
Nt 000 

Fo 7526 

Fa 24.55

37.20 

39.81 
21.32 

0.18 

0.31 

0.13 

98.94 

0.93 

1.S6 
0.47 
0.01 

0.01 
0.00 

76.92 

23.08

37.90 
39.69 
21.57 

0.17 

0.23 

0.19 
99.65 

0.99 
1.54 
0.47 

0.01 
0.01 
0.00 

76.62 

23.36

37.73 
39.19 

227 14 

0.15 
0.30 

0.17 
"99.72 

0.99 

1.53 
0.41 
0.01 
0.01 
0.00 

73.57 
24.03

35.50 
34.99 
25.99 

0.84 

0.43 

0.13 

97.18

37.04 
37.56 
23.56 

0.18 
0.37 
0.16 

93.87 

0.99 
1.49 
0.52 
0.01 
0.01 
0.00 

73-.6 
25,99

35.92 
36.80 
24.95 

0.20 
0.41 
0.04 

98.31 

0.97 
1.43 
0.56 
0.01 
0.01 
0.00 

72.31 
27.51

36.56 
39.66 

21.72 

0.15 

0.24 

0.19 
93.52 

0.97 

1.57 
0.41 
0.00 
0.01 
0.00 

76.45 
23.49

36.89 
40.20 
21.16 

0.15 
0.30 
0.24 

98.94 

0.97 
1.58 
0.47 
0.00 
0.01 
0.01 

77.10 
22.73

37.99 
40.22 
21.60 

0.16 
0.36 
0.21 

100.53 

0.98 
1.55 
0.47 
0.00 
0.01 
0.00 

76.71 
23.11

0.97 
1.43 
0.59 
0.03 
0.01 
0.00

71.10 
29.64

pin, I



Table 7. Composition of olivine phenocrysts from I.W73FVIP of QlIb 

1w 73 fvpvpb 1w73fvp 734 1w73fvp7#4 pw73'vp__#4 1w73Np_4e Iw73fvp_#5b lw73fvp_#5 1%73fvp_#5 lw73fvp#5 lw73f-vp_#5e lw73fvpN#6 

37.60 38.14 37.34 37.20 36.10 37.05 37.12 37.12 37.26 37.17 37.79 37.61 39.74 40.50 39.31 35.60 37.44 39.75 39.46 39.44 36.61 40.31 24.14 21.21 21.17 22.31 26.30 24.03 21.92 21.91 22.19 25.60 21.25 0.21 0.13 0.13 0.15 0.28 0.20 0.15 0.15 0.15 0.01 119 0.41 0.27 0.23 0.34 0.41 0.32 0.30 0.31 0.34 0.40 0.23 0.22 0.23 0.19 0.23 0.08 0.22 0.30 0,19 0.16 0.06 0.10 100.19 99.73 99.56 99.55 98.77 99,26 99.54 99.14 100.15 100.03 99.87 

0.99 9.99 0 98 0.98 0.98 0.98 0.97 0.98 0.99 0.99 0.98 1.47 1.54 1.58 1.54 1.43 1.48 1.55 1.55 1.53 1.45 1.56 0.53 0.46 0.46 0.49 0.59 0.53 0.48 0.48 0.48 0.57 0.46 0.01 0.00 0.00 0.00 0.01 0.0) 0.00 0.00 0.00 0.01 0.01 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00 

73.40 76.87 77.27 75.72 70.66 73.46 76.28 76.14 75.88 71.69 77.18 26.44 23.01 22.66 24.12 29.28 26.46 23.60 23.73 23.96 28.13 22.83



Table 7. Composition of olivine phienocrysts from LW73FVP of QIlb

lw73fvp_#6 lw73fvp_#6 lw73tVp6 Iwl3fvp_#6 lw73fvp_#6e 

38.51 338.14 38.20 37.94 37.69 
39.82 40.15 40.65 40.43 38.73 
2 t.76 21.58 21,35 21.20 22.63 

0.19 0.20 0.20 0.19 0.15 
0.24 0.26 0.24 0.22 0.31 
0.03 0.05 0.05 0.02 0.17 

100.55 100.37 100.69 99.99 99.73 

0.99 0.99 0.98 0.96 0.99 
1.53 1.55 1.56 1.56 1.51 
0.47 0.47 046 0A6 0.50 
0.01 0.01 00! 0.01 0.00 
0.01 0.01 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 0.00 

76.53 76.83 77.24 77.29 75.I8 
23.46 23.17 22.77 22.74 24.69

flaw~at



Table 8. Composition of'olivine phenocrysts from LW40FVP of Q!2a

Iw40f'vp#la Iw4ffvp#lb lw40fvp#lc lw4ofvp#id lw40Nop#2b lw40'vp#2 Iw4Ofvp#2 Iw4Ofvph2 lw40rvp#2e Jw4Ofvp4a 1w4Ofvp4b

SiO1  38.11 

MgO 40.32 
FcO 20.89 
CaO 0.12 
MnO 0.23 
NiO 0.30 
TOTAL 99.97 

Cations based on 4 oxygens 
Si 0.99 
Mg 1.56 
Fe 0.45 
Ca 0.00 
Mn 0.01 
Ni 0.01 

Fo 77.42 
Fa 22.50

38.12 
40.56 
21.04 
0.12 
0.21 
6 32 

100.36 

0.99 
1.56 
0-46 
000 
0.01 
0.01 

77.40 
22.53

37.95 
40.38 
20.75 
0.14 
0.27 
0.13 

"99.61 

0.99 
1.56 
0.45 
0.00 
0.01 
0.00 

77.54 
22.35

37.01 

36.92 
24.91 

0.23 
0.36 

0.16 
99.59 

0.98 
1.46 

0.55 
0.01 
0.01 
0.00 

72.49 

2i .44

37.11 
36.45 
23.32 
0.27 
0.31 
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 
L,56 
0.46 
0,00 
0.01 
0.01

37.94 

39.17 
21.69 

0.11 
0.30 
0.33 

99.54 

0.99 
1.53 
0.47 
0.00 

0.01 
0.01

77.32 76.16 
22.56 23.66

P.O. I

Point

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 

76.34 
23.50

37.32 
37.23 
24.33 
0.22 
0.32 
0.10 
"99.72 

0.99 
1.47 
0.54 
0.01 
0.01 
0.00 

72.97 
26.98

36.99 

36.29 
26.17 

0.26 

0.43 

0.04 

100.07 

0.98 

1.44 

0.58 
001 
0.01 

0.00 

71.11 

28.77

37.99 

40.76 

20.29 

0.14 
0126 
0.20 

99.63 

0.99 
1.51 
0.44 

0.00 

0.01 
0.00 

79.10 

21.91



Table 8. Composition of olivine phenocrysts from LW40FVII of QI2a

lw4OfvpN4c lw4Ofvp#4d lw4Ofvp#4e Iw4Ofvp#4f lw4Ofvpg4g lw4Ofvp#4h lw4Ofvp#Sb lw40fvp#5 lw4Ofvp#5 Iw4Ofvp#5 Iw4Ofvp#5 lw40fvpki Iw4Ofvp#5c

38.04 

41.02 
20.52 

0.13 
0.22 
0.22 

100.16 

0.98 

1.58 
0.44 

0.00 
0.01 
0.01 

78.03 
21.91

38.25 
40_99 

20.07 
0.14 
0.29 

0.30 
100.03 

0.99 

1.58 
0.43 
0.00 

0.01 
0.01 

78.34 
21.53

38.31 

40,76 

20.43 
0.12 
0.27 
0.25 

100.13 

0.99 
1.57 
0.44 
0.00 

0.01 
0.01 

77.96 
21.92

36.95 

35.29 
26.98 
0.22 
0.45 

0,07 
100.01 

0.99 
1.41 
0.60 
0.01 

0.01 
0.00 

69.91 

29.98

37.48 

38.18 
23.30 

0.14 
0.33 

0.15 

"99.58 

0.99 
1.50 

0.51 
0.00 
0.01 
0.00 

74.37 
23.46

37.88 
40.'57 
20.83 
0.15 
0.25 

0.24 
99.92 

0.98 

1.57 
0.45 
0.00 

0.01 
0.01

37.85 
40 14 
21.18 

0.15 
0.22 

0.28 

99.82 

0.98 
1.56 

0.46 
0.00 
0.01 
0.01

38.03 
40.55 

21.00 
0.14 
0.26 

0.34 
100.32 

0.98 
1.56 
0.45 
0.00 
0.01 
0.01

38.05 

41.02 

20.53 
0.13 

0.23 
0.21 

100.16 

0.98 
I.58 
0.44 
0.00 

0.01 
D.I0

38.71 
40.83 

20.16 
0.11 
0.27 

0.21 

100.30 

1.00 
1.56 

0.43 
0.00 
0.01 
0.00

38.20 

40.99 
1997 
0.15 
0.23 

0.20 
99.74 

099 

1.58 
0.43 
0 00 
0.01 
000 

78.49 
21.45

37.14 
38.53 

23.43 
016 

0.34 

0.13 
99.72 

0.98 
1.51 
0.52 
001 

001 
000 

74 45 
25.40

pq2

38.36 

40.58 

21 '3 
0.16 
0.29 
0.22 

100.63 

0.99 

1.56 
0.45 

0.00 
0.01 
001 

77.40 
22.51

77.59 77.13 77.42 78.02 78.19 
22.35 22.83 22.50 21.90 21.67



Table S. Composition of olivine phenocrysts from LW4OFVP of QI2a 

Iw40fvp#6a Iw4Ofvp#6b Iw4Ofvp#6c lw40fvpN6d Iw40fvp#6e 

36.67 36.86 38. 10 38.20 37.09 
34,90 35.54 40.65 40.59 36.08 
27.72 26.28 20.48 20.53 25.83 
0.30 0.24 0.12 0.15 0.26 
0.45 0.45 0.27 0.24 0.43 
0.08 0.08 0.26 0.25 0.11 

100.13 99.44 99.87 99.96 99.79 

098 0.99 0.99 0.99 0.99 
1.39 1.42 1.57 1.57 1.43 
0.62 0.9 0.44 0.44 0.58 
0.01 0.01 0.00 0.00 0.01 
001 00O 0.01 0.01 0.01 
000 0.00 0.01 0.01 0.00 

69.12 70.56 77.9-7 77.36 71.27 
30.80 29.27 22.01 22.09 28.62

son



Table 9. ComIposition of olivinephenocrysis from LW135FVP of Qs2fs

Iw135_lb Iw1351 1w135_1 Iw1351 1w135 1 !w135_1 IwIl35_i w135_I IwJ35_1 1w1351 1w135_1 Iw135_le Iw135_4mb

38.31 38.59 38.34 38.38 39.05 38.31 
0.00 0.01 0.01 0.05 0.03 0.02 

21 94 21 54 21.87 21.87 21.80 22.03 
39.42 39.59 39.74 39.56 39.57 39.50 
0 38 0 27 0.31 0.30 0.27 0.30 
0.18 0.15 0.14 0.13 0.13 0.15 
016 0.25 0.22 0.26 0.25 0.08 

100.39 100.39 100.63 100.54 101.11 100,38

Ca1nt!s based on 4 oxygens 
S i 0.99 1.00 0.99 0.99 1.06 0.99 
Cr 000 0.00 0.00 0.00 0.00 0.00 
Fe 0.48 0-47 0.47 0.47 0.47 0.48 
Mg 1.52 1.53 1.53 1.53 1.51 1.53 
Mn 001 001 001 0.01 0.01 0.01 
,A 0.01 0.00 0.00 000 0.00 0.00 
"Ni 0,00 0,01 0.01 0.01 0.01 0.00

76 07 76.55 7629 76.21 76.30 76.07 
23 76 23 37 23.56 23.64 23.59 23.81

39.19 38.57 38.44 

0.00 0.01 0.01 
22.18 22.07 21.90 
39.73 39.51 39.71 

0.29 0.31 0.27 
0.16 0.14 0.13 
0.22 0.21 0.19 

100.76 100.82 100.65

0.99 
0.00 
0.48 
1.53 
0.01 
0.00 
0.01

1.00 
0.00 

0.48 
1.52 
0.01 
0.00 

0.00

0,99 
0.00 
0,47 
1.53 
0.01 
0.00 
0.00

38.41 38.32 

0.00 0.00 

21.05 21.52 
39.31 39.71 
0.29 0,30 
0,17 0.17 
0.18 0.19 

99.40 100.21

1.00 
0.00 
0.46 
1.53 
0.01 

0.01 

0.00

0.99 
0.00 
0.47 
1.53 
0.01 
0.01 

0.00

76.08 76.03 76.27 76.84 76.61 
23.83 23.83 23.61 23.08 23.29

Pop.

Point

QSiOc 

Cr2O3 
FcO 

MgO 
Mn() 

CaO 
NiO 

1(ITAL

Fa 
Fa

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 
0.46 

1.53 
0.01 

0.01 
0.00 

76.87 

23.b6



Table 9. Composition of olivine phenocrysts from LWI35FVP of Qs2fs 

, 15 4a 1w135la 1w135 4a 1w1354a Iw135_4a Iwi35_4a Iwi35_4a Iw135 4a Iw135_4a 1w135_4ae 1w135 5b 1w1355 1wl355

38 39 

001 

2069 
3996 

0.27 
0.17 

022 
9970 

1 0f 
000 
045 
1.55 
001 
001 

olo

38.26 

001 

20 52 
39.89 

0 32 
0 14 
0.17 

99.30 

1.00 

0 00 
0.45 
1.55 

0.01 
000 
0.00

38.73 

0.02 

2088 

39.95 
0.28 
0.13 
024 

100.24 

100 
0.00 
0.45 
1.54 
0.01 
0.00 

A.01

38.92 

0.02 

2083 
40.13 

0.24 
0.13 

0.20 
100.48 

100 
0.00 
0.45 
1.54 
0.01 
0.00 

0.00

77.44 77.49 71.22 77.39 

22 51 22.36 22.65 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

38.27 

0.00 

20.69 
38.92 

0.22 

0,15 
0.26 

98.50 

1.01 

0.00 
0.45 
1.52 
0.01 
0.00 
0.01 

77.00 

22.97

38.09 

0.14 

21.34 

39.87 

0.22 
0.14 
0.19 

99.99 

0.99 
0.00 
0.46 
1.54 
0.01 
0.00 
0.00 

76.87 

23.09

38.01 

002 

20.72 
40.09 

0.31 

0.13 
0.23 

99.52 

0.99 
0.00 
0.45 
1,56 
0,01 
0.00 

0.01 

77.40 

22.45

38.13 

0.01 

20.86 

39.91 

0.27 

0.17 
0.18 

99.53 

0.99 
0.00 
0.45 
1.55 
0.01 
0,01 

0.00 

77,28 
22.67

38.31 

0.02 

21.14 

39.33 

0128 

0.17 
0.11 

99.34 

1.00 
0.00 
0.46 
1.53 
0.01 
0.01 

0.00

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

38.63 

0.00 

20.64 

4005 

0.30 
0.15 
0.20 

99.97 

1.00 
0.00 

0.45 
1.54 
0.01 
0.00 
0.00

38.36 

001 

2051 
39.97 

0.26 
0.16 

0.19 
99.46 

1.00 
0.00 
0.45 
1.55 
0.01 

0.00 

0.00

76.77 77.68 7748 77.59 
23.16 2229 22,40 22 34



Table 9. Composition of olivine phenocrysts from LWI35FVP of Qs2fs

Iw135 5 Iw135_5 1w135 5 1w1355 1w35 1w1355 1w1355 1w!35_5 w335_5e 

33.40 38,46 334S 38.46 33.50 38.30 38.63 38.42 38.39 

0.00 0.01 0.01 0.02 0.04 0.00 0.00 0.00 0.01 

20.24 20.33 20.56 20.12 20.57 20.37 20.26 2P 57 20.20 

40.14 39.96 40.01 40.00 39.96 39.91 39.81 3'i 95 39.59 

0.25 0.25 0.23 0.21 0.27 0.28 0.23 0.24 0.24 

0.14 0.15 0.16 0.16 0.14 , 0.17 0.14 0.18 0.16 

0.22 0.18 0.23 0.24 0.12 0.23 0.27 0.24 0.14 

99.39 99.34 99.69 99.21 99.61 99.26 99.39 99.60 99.73

1.00 1.00 1.00 1.00 1.00 1.00 

000 0.00 0.00 0.00 0.00 0.00 

0.44 0.44 0.45 0.44 0.45 0.44 

1.55 1.55 1.55 1.55 1.34 1.55 

0.01 0.01 0.01 0.01 0.01 0.01 

0.00 0.00 0.00 0.01 0.00 0.01 

0-01 r.ý0 0.01 0.01 0.00 0.01

1.00 1.00 
0.00 0.00 
0.44 0.4.  
1.54 1.55 
0,01 0.01 
0.00 0.01 
0.01 0.01

77.99 77.73 77.60 77.99 77.11 77.69 77.70 77.57 

22.04 22.19 22.37 22,01 22.39 22.24 22.19 22,41

1.00 
0.00 
0.44 

1.54 
0.01 
0.00 

0,00 

77.70 
22.25



"I able 10. Composition of olivine phenocrysts from LW61FVP of QI3

lw61fvp_#la Lw6lfvpib lw6 1fvpf1c lw61 fvpid lw61fvp_1N tlw6Ifvp C#f lw61fvpi#Ig lw61fvp_2a lw61fvp_#2b lw61fvp._#2c

Si02 

MgO 
FeO 

CaO 

NinO 

TOTAL

37.13 

36.62 

25.00 
0.17 

041 

0.09 

"9942

Cations based on 4 oxygens 

St 099 

Mg 1.45 
Fe 0.56 

Ca 001 

Mn 0.01 
Ni 0.00 

Fo 72.15 

Fa 27.64

38.13 

40.85 
20.27 

0.11 

0.28 

0.2i 

99.86 

0.99 

1.58 
0.44 

0.00 
001 
0.00 

73.11 

21.75

38.11 
40.97 

20.33 

0.14 

015 

0.21 

1 00.00' 

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 

!.A8 
0.44 

0.00 
0.01 
0.01 

78.22.• 

21.61

38.35 
40.99 
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

36.97 
36.08 
26.33 

0.23 
0.40 
0.10 

100.11 

0.93 
1.43 
0.59 
0.01 
0.0) 
0.00 

70.86 
29.01

36.96 
35.66 
26.51 

0.23 
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 

0.01 
0.01 
0,00 

71.74 

28.11

35.10 
41.14 

2030 

0.11 
0.27 

0.22 

100.14

0.98 
1.58 
0.44 
0.00 
0.01 

0.01

73.20 
21.66

PSoOI

38.18 
41.02 

20.33 

0.14 

0.29 

0.20 

1C0.15 

0.99 
1.58 
0.44 

0.00 
0.01 

0.00 

78.14 

21.73



Table 10.0C1 mposilion of olivine phenocrysts from LW6 IFVP ufQl3 

Iwblfvp_-#2d lw6lfvp_#2c lw6lfvp_#2f lw6Lfvp_#2g lw6lfvpih Iw6lfvp_#2i lw6lfvp_#2j lw6lfvp_#2k lw6lfvpM3a lw6lfvp_#3b lw6lfvp_#3c

38.39 

40.80 

20.30 
0.16 
0.31 

0.30 
1(3.26 

0.99 
1.57 
0.44 

000 
0 N' 

0.01 

78.09 
21 so

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 

77.20 
22.69

37.67 

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 

20.33 

0.13 
0.26 

0.28 
o00,10 

0.99 

1.58 
0.44 
0.00 
0.01 
0.01 

71.13 
21.76

38.17 

40.99 

20.59 
0.13 

0.27 

0.22 

100.37 

0.98 

1.58 
0.44 

0.00 
0.01 
0.01 

77.93 
21.96

38.12 

40.79 
20.56 

0.13 

0.24 

0.28 

i00.11 

0.99 
1.57 
0.44 

0.00 
0.01 
0.01 

77.89 
2203

38.17 
40.32 
21.09 

0.12 
0.28 
0.24 

100.22 

0.99 
1.55 
0.46 
0.00 
0.01 
0.01 

77.21 
22.66

37.04 

36,09 

25.79 
0.24 

0.41 

0.I1 
99.67 

0.99 
1.43 
0.58 
0.01 
0.01 
0.00 

71.30 
28.59

37.43 

36.11 

25.98 

0.24 

0.39 

0.13 
100.27 

0.99 
1.43 
0.58 
0.01 
0.01 
0.00 

71.17 
28.73

38.23 

40.60 

20.84 

0.16 
0.27 

0.20 

100.31 

0.99 
1.56 
0.45 
0,00 
0.01 
0.00 

77.58 

22.35

"38.17 
40.98 

20.74 

0.13 

0.25 
0.21 

100.48 

0.98 
1.57 

0.45 
0.00 
0.01 
0_00 

77.82 

22.10

USA&)I



Table 10. Composition of olivine phenocrysts from LW61FVP of Q13

lw6Ifvp_43d Iw61fvp_#3e lw61fvp_#4a lw6Ifvp_#4b iw6Ifvp_#4c i,,'fvp_#4d Iw6Ifvp_#4e iw6lfvp_#4f lw6Ifvp_34g lw6Ifv' _#4h 1w61fvp%#4i 

38.00 37.10 37,00 38.04 38.19 38.04 37.38 37.25 38.19 38.14 37.43 

40.23 35.91 36.21 40.70 40.71 40.68 37.82 36.80 40.60 40.55 37.28 

21.53 26.44 26.46 20.80 20.96 20.81 23.76 25.24 20.89 20.96 24.87 

0.15 0.23 0.25 0.14 0.i5 0.12 0.17 0.21 0.18 0.14 0.18 

0j.27 0.39 0.43 0.33 0.25 0.31 0.31 0.43 0.29 0.26 0.36 

0.22 0.09 0.06 0.22 0.19 0.25 0.1 8 0,08 0.23 0.20 0.24 

10040 100.16 100.40 10023 ',.44 1001.0 99.62 100.00 '00.36 100.24 100.35 

0.98 0.99 0.98 0.98 0.99 0.98 0.99 0.99 0.99 0.99 0.99 

1.55 1,42 1.43 1[57 1.57 1.57 1.49 1.45 1.56 1.56 1.46 

0.47 0.59 0.59 0.45 0.45 0.45 0.52 0.56 0.45 0.45 0.55 

0.00 C.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01t 

001 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 o no 0.oi 0.00 0.00 0.01 0.00 0.01 

76.84 70-69 70.83 77.58 77.53 77.57 73.86 72.08 77.55 77.45 72.66 

23.07 -29.20 29.04 22.25 22.40 22.26 26.03 27.74 22.39 22.46 27.20

Pig. s



Table 10. Composition of olivine phenocrysts from LW61FVP of Q13 

Iw6Ifvp_#4j Iw6lfvp_#4k Iw6lfvp_#41 Iw6lfvp_#4m lw6Ifvp_I4n lw6I61fNa lw6Ifvp_#5b Iw6lfvp_#Sc lw6lfvp_#5d lw6lfvpf5c Iw6Ivp_#5f

37.93 

40,13 
21.11 

0.21 
0.21 
0.20 

99.79 

0.99 
1 56 
0.46 
0.01 
0.01 
000 

77.27 
22.30

36.91 
34.82 
27.21 

0.28 
0.47 
0.07 

99.75 

0.99 
1.39 
0.61 
0.01 
001 
0.00 

69.43 
30.44

37.90 
39.86 

21.73 
0.15 
0.32 

0.15 
100.12 

0.99 
1.54 

0.47 
0.00 
0,01 
0.00 

76.47 

23.39

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 

77.75 
22.16

37.24 
35.69 

26.22 
0.26 

0.37 
0.09 

99.87 

0.99 
1.42 

0.58 
0.01 
0.01 
0,00 

70.73 

29.18

36.71 
34.71 
27.24 

0.32 
0.48 

0.07 
99.63 

0.99 
1.39 

0.61 
0.01 
0.01 
0.00 

69.29 

30W62

37,93 
39.79 
21.50 

0.15 
0.29 
0.23 

99.89 

0.99 

1 54 

0.47 

0.00 
0.01 
0.01 

76.64 
23,24

38,26 
40.36 

21.17 

0.14 
0.32 

0.19 

100.42 

0.99 

1,55 
0.46 
0.00 
0.01 
0.00 

77.14 
22.70

37.52 
37.40 
24.33 

0.19 
0.34 

0.18 
99.9 ' 

0.99 
1.47 
0.54 
0.01 
0.01 
000 

73.17 
26.71

36.47 
34.95 

27.20 

0.28 
0.46 

0.05 
99.41

36.49 
35.40 

26.86 
0.26 

0.41 

0.01 
99.43 

0.98 

1.42 
0.60 

001 
0.01 
0.00 

70.03 
29.83

0.98 
1.40 

0.61 
0.01 
0.01 
0.00

69.52 
30.36

Pop 4



I able 10. Composition ofolivine phenocrysts from LW61FVP of Q13

Iw6lfvp_#Sg 1w61|fvp3#5h Iw61fvp_#5i 1w61 fvp..Sj 

39.04 38.09 38.16 36.84 

41.27 41.03 39-91 36.25 

20.11 20.23 21.43 26.26 

0.13 0.10o .16 020 

0.26 0.23 0.29 0.38 

0.20 0.28 0.14 0.11 

100.01 99.96 100.08 100.05 

0.98 0.98 0.99 0.93 

1,59 1.58 1.54 1.44 

0.43 0.44 0.47 0.58 

0.00 0.00 0.00 0.01 
0.01 0.01 0,01 0.01 

0 0 0.01 0.00 0.00 

78.45 78.25 76.77 71.01 

21.45 21.65 23.13 25.36

PAm 9t



Table 11. Composition of olivine phenocrysts from LWSOFVP of Qs3

Point

SiO, 

MgO 
FtO 

CaO 
MnO 

NiO 
TO'I AL

Cations based on 4 oxygens 
Si 
Mg 
Fe 
Ca 
Mn 

Fo 
Fa

Iw8Ofvi _rim #1a IwSOfvpcorce#If Iw$Ofvpcore)#1e lw80flpprim_#Id lwfOfvprimrlc Iw8Of-vp im #2aW lSOfvpcorc_#2e

37.61 
39.72 
21.45 

0.16 
0.30 
0.07 

99.31 

0,98 
1.55 
0.47 
0.00 
0.01 
0.00 

76.66 
23.22

38.46 
40.46 

20.92 

0.16 
0.33 

0.22 

100.54 

0.99 
1.55 
0.45 
0.00 
0.01 

0.01 

77.40 

22,45

38.26 
40.44 

20.93 

0.15 
0.29 

0.25 

100.32 

t..99 
1.56 
0.45 
0.00 
0.01 
0.01 

77.41 

22.48

38.32 
40.22 
20.72 

0.15 
0.27 
0.14 

99.82 

0.99 
1.55 
0.45 
0.00 
0.01 
0.00 

775•5' 
22.41

38I.22 
40.63 
21.09 

0.16 
0.27 
0.21 

100.59 

0.99 
1.56 
0.46 
0.00 
0.01 
0.00 

77,38 
22.54

38.59 
40.29 
20.82 

0.16 
0.31 
0.14 

100.29

1.00 
1.55 
0.45 
0.00 

0.01 
0.00

77.43 
22.45

38.25 
40.08 

21.92 

0.13 

0.33 

0.20 

100.91

0.99 
1.54 
0.47 

0.00 
0.01 
0.00

76.39 

23.44

pops I



Table I I. Composition of olivine phenocrysts from LW8OFVP of Qs3

IwROfvp core_#2d lw8Cfvprim_#2b IbvaOfvp rim #2f tw8Ovp_core_#2h

37.27 

40.16 
21.13 

0.15 
0.26 
0.13 

99.08 

0.98 

t.57 

0.46 
0.00 
001 
000 

77.11 
22.79

37.57 

40.40 

21.10 
0.17 
0.27 

0.18 

99.69 

0.98 
1.57 

0.46 
0.01 
0.01 
0.00 

77.29 
22.65

37.89 

40.25 
21.26 

0.14 
0.29 

0.20 
100.02 

0.98 

1.56 
0.46 
0.00 
0.01 
0.00 

77.05 
22.93

37.75 
39.68 
22.14 

0.13 
0.35 
0.14 

100.19 

0.98 
1.54 
0.48 
0.00 
0.01 
0.00 

76.01 
23.79

lw8Ofvp core_#2i IwSOfp rim_#2g lw8Ofvprim_#3a

37.52 

39.34 

22.24 

0.13 
0.29 

0.15 
99.67 

0.98 
1.54 

0.49 
0.00 
0.01 
0.00 

75.82 

24.04

37.91 

39.63 

21.59 
0.14 

0.28 

0.16 
99.70 

0.99 
1.54 
0.47 
0.00 

0.01 
0.00 

76.30 

23.38

lwSOfvp core #3g

37.96 

40.66 

21.03 

0.14 

0.30 

0.20 

100.30

38.45 

4 .02 
20.11 

0.11 

0.27 

0.23 
100.19 

0.99 
1.57 
043 
0.00 
0.01 
0.01 

78.31 

21.54

0.98 
1.57 
0.46 
0.00 
6.01 
0.00

77.40 
22.47

P&p2



Table I1. Composition of olivine phenocrysts from LW8OFVP of Qs3

lwSOFp_corec#3e lwEofvp_rim_#3d lw8Ofvp rim_#3c Iw8Ofvp_rim_#4a

3 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 

77.95 
21.96

38.54 

40.62 

20.82 
0.16 

0.29 

0.14 
100.57 

0.99 
1.56 

0.45 

0.00 
0.01 

0.00 

77.59 
22.31

37.76 

40.29 

21.03 

0.14 
0.29 

0.13 

0.98 

1.56 
0.46 
0.00 

0.01 
0.00 

77.25 
22.62

IwSOfvp. core #4d

37.45 

40.17 

21.16 
(.17 

0.30 
0.17 

99.42 

0.98 
1.57 

0.46 
0.01 
0.01 

0.00 

77.11 

22.79

38.19 
40.91 
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

IwSOfvp_core_#4c lwSOfvp_rim_#4b lw8Ofvp_rim_#5b

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

37A7 

39.85 
21.26 

0.17 
0.29 

0.16 
99.20 

0.98 

1.56 
0.4? 
0.01 
0.01 
0.00 

76.90 

23.02

0.98 
1 .58 

0.44 

0.00 
0,01 
0.00

78.06 
21.81

Page3



Table 11. Composition of olivine phenocrysts from LW8OFVP of Qs3 

lwgOfvpcori_#5d 1wgOfvpzorc_#5c wgfvprim_;Sa lwgOfvp rim•#Sc

39.33 

4120 
20.00 

0.13 
0.19 
0.24 

100.08 

'). A9 
1.58 

0.43 
0.00 
0.00 
3.01 

78.57 
21.40

38.24 

40.79 

20.36 
0.11 
0.28 

0.23 
100.01 

0.99 
1.57 
0.44 
0.00 
0.01 
0.01 

78.00 
21.15

37.64 

40.29 

21.32 
0.14 
0.30 

015 
99:14 

0.98 
1.56 
0.46 
0.00 
0.01 
0.00 

77.0) 
22.16

38.57 

40.48 

20.89 

0.14 

0.30 

0.[5 
100.53 

0.99 
1.55 
0.45 
0.00 
0.01 
0.00 

77.45 
22.42



Table 12. Composition of olivine phenocrysts from LW78FVP of Qs4b

1w78 fvp rim_# b Iw78fvp core #Lc Iw7?fvp_ ore_#id Iw7lfvp rim#ia lw7lfvpyrini#2a lw7lfvp_rim_#2c Iw7tfvp core_#2d

SiO, 

MgO 
FCO, 

CaO 
MnO 

NiCj 

TOTAL

37.86 

39.78 

20.81 
0.14 

0.28 

0.15 

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 

Fu 77.22 
Fa 22.67

38.10 
40.45 
20.24 

0.15 
n.29 
0.26 

99.49 

0.99 
1.57 
0.44 

0.00 
0.01 
0.01 

78.00 
21.29

37.98 
40.86 
20.44 

0.13 
0.22 
0.24 

99.86 

0.98 
1.58 
0.44 
0.00 
0.01 
0.01 

78.04 
21.90

37.92 
40.30 
20.33 

0.15 
0.23 
0.16 

99.08

38.03 

40.37 

20.26 

0.15 
0.24 

0.14 

99.19

0.99 
1.57 
0.44 
0.on 
0.01 
0.00 

77.99 
21.95

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 
7-

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 

77.15 
22.78

0.99 

1.57 
0.44 
0.00 
0.01 
0.00

77.91 
22.05

Poll, 1



Table 12. Composition of olivine phenocrysts from LW78FVP of Qs4b

Iw7l fvp.corcl2 f 

37.79 

40.90 

20.60 
0.14 

0.24 

0.23 
".990 

0.98 

1.58 
0.45 

0.00 

0.01 
0.01 

77.91 
22.01

lw7f-vp core 2e lw78fvprim_#2b Jw78fvp_rim_#3f lw7SfvpO#3p lw78fvp_#3h lw78fvp_#3i lw78Fvprim_#3j

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 

77.94 
22.00

37.58 

39.49 
21.34 
0.21 

0.25 
0.14 

99.00 

0.99 

1.55 
0.47 
0.0! 
0.01 
0.00 

76.76 
23.27

37.04 

39.42 
21.42 

0.19 
0.22 

0.11 
98.46 

0.98 
1.55 
0.49 
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 
0.01 
0.00 

76.79 
23.11

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 

77.38 

22.03

37.60 

40.27 

20,66 

0.13 

0.27 

0,26 
99.19 

0.98 
1.57 
0.45 
0.00 
0.01 
0.01 

77.56 
22.33

Iw78fvp_rini#3k

37.33 
39.50 
21.26 

0.18 
0.27 
0.11 

98.65

37.39 

39.68 

21.29 

0.17 

0.27 

0.28 
"99.09

0.98 

0.47 

0.01 
0.01 
0,00

0.98 

1.55 
0.47 

0.01 
0.01 
0.01

76.78 
23.18

76.81 
23.13



Table 12. Composition of olivine phenocrysts from LW78FVP of Qs4b

lw7gSvprim_#31 iw7gfvp_rim_#4a lw8fvprim#4b lw78fvp_coret_#4f w78-vp..core.#4d Iw7Rfvp core_#4h Iw78fvprim_#4c iw78fvp_rim #5a 

17.27 36.82 38.04 38.94 38.04 37.71 37.69 37.59 
19.39 39.96 40.29 41.60 40.62 40.74 40.18 39.89 
21.12 20.83 20.58 20.80 20.11 20.25 20.93 21.22 
0.18 0.16 0.14 0.15 0.15 0.13 0.16 0.16 
0.27 0.26 0.30 0.22 0.27 0.26 022 0.29 
).09 0.20 i0.2 0.30 0.28 0.20 0.12 0.11 

99.01 98.22 99.56 102.01 99.46 99.30 99.29 99-25 

C..93 007 0.99 0.99 0.99 0.98 0.98 0.98 
t.55 1.58 1.56 1.57 157 1.53 1.56 1.56 
0.48 0.46 0.45 0.44 0.44 0.44 0.46 0.46 
0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.01 .O 0.01 0.01 001 0.01 0.01 0.0t 
0.00 0.00 0.00 001 0.01 0.00 0.00 0.00 

"76.25 77.32 '17.62 71.07 78.19 78.12 77.37 76.94 
23.70 22.61 22.24 21.90 21.72 21.738 22.61 22.96

Pe s



Table 12. Composition of olivine phenocrysts from LW78FVP of Qs4b 

lw78fvprimn_#5c lw7fvpcorc_35t lw78fvp..core_#5d , IN. fvp_corcSIf lvv78fvprim_#5b

38.20 
40.18 
21.08 

0.16 

0.33 
0.20 

100.14 

0.99 

1.55 
0.46 
0.00 

0.01 ,OM 

77.15 

22.71

38.22 
40.76 
20).33 

0.09 
0.27" 

0.26 

99.92 

0.99 
1.57 

0.44 

0.00 
0.01 
0.01 

79.00 

21.$3

38.26 
40.52 

20.71 
0.14 
0.28 

0.25 

100.16 

0.99 

1.56 
0.45 
0.00 
0.01 
0.01 

77.63 
22.26

38.18 
40.88 
20.45 

0.10 

0.33 
0.29 

0M,.24 

0 99 
137 
0.44 
0.00 
0.01 
0.01 

77.92 

21.81

37.93 
40.36 

21.11 
0,15 

0.22 
"9.21 

99.96 

0.98 

1.56 
0.46 
0.00 
0.01 
0.00 

77.28 

22.68



Table 13. ComnpO.-itions of olivine phenocrysts from LWISlr5FVP of Qs4a

LwISIfvpUI IwlSIfvpYl lwlSlfvpYl IwI5Ifvp#1 twlSICvpUl lwlSlfvp#1e lwlSItVp#2b IwISIfvp#2 lwlSIfvp#2 

38.42 38.05 38.60 33.22Point Iwt151 fp#lb 1 

SiOz 38.14 

MgO 40.52 

FeO 20.41 

Cat) 0 13 

MnO 3.16 
NiO 0.24 

TOTAL 99.60 

Cations based mn 4 oxygens 
Sl 0.99 

Mg 1.57 

F-e 0.-4 

Ca J0 

M n 0t0 
N 1 001 

Fu 77.96 
A j22.03

37.87 
39.89 

20.78 
0.15 

0.22 

0'£9 
99.00 

099 
1.55 
0.45 
0.00 
0.01 
0.00 

77.36 
22.61

37.69 
39.62 
21.22 

0.12 
0.24 

0.24 
99.14 

0.99 
1.55 
0.47 
0.00 
0.01 
0.01 

76.82 
23.05

38.06 
40.02 

21.25 
0.14 

0.27 
0.15 

99.88 

0.99 

1.55 
('46 

0.00 
0.01 
0.00 

76.97 
22.93

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 

77.97 

21.95

3 8.4 2 
40,59 
20.38 

0.13 
0.18 
0.27 

99.98 

0.99 
1.56 
0.44 
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 

76.22 
23.67

39.60 
40.50 

20.99 
0.18 

0.24 
0.21 

100.71 

0.99 
1.55 
0.45 
0.01 
0.01 
0.00 

77.46 
22.52

38.22 
40.79 
20.42 

0.12 
0.26 
0.20 

10001 

0.99 
1.57 
0.44 
0.00 
0.01 
0.00 

77.98 
21.91

37.94 
40,37 

20.27 
0.14 
0,35 
0.2? 

99 2" 

0.99 
1.57 
0.44 

000 
0.01 
0.00 

77.86 

21.94



Table 13. Compositions of olivine phenocrysts from LWI51FVP of Qs4a

Iw151fvp#2 Iw5 1fvp#2 Iwl51fvp#2 lwlSIfvp#2e Iw5lSfvp#3b Iwl5Lfvp#3 IwlSlfvp#3 lw151fvp#3 lwISlfvp#3 Iwl51fvp#3 IwlSwfvp#3e 

38.17 38.65 38.06 38.26 38.32 38.13 38.32 38.14 38.46 39.04 38.34 

40.74 40.59 40.33 39.87 39.44 39.66 40.20 39.43 38.50 38.54 39.62 

20 40 20.62 20.54 21.12 21.47 21.04 21.09 21.56 21.63 21.41 20.49 

0.12 0.15 0.15 0.18 0.15 0.19 0.15 0.13 0.15 0.14 0.14 

0.21 0,20 G.29 0.37 0.23 0.32 0.30 0.32 0.30 0.34 0.29 

014 0.30 0.23 0.18 0.14 0.15 0.13 0.19 0.18 0.13 0122 

99.17 100.51 100.09 99.98 99.75 99.49 100.19 99.77 99.22 99.60 99.10 

0.99 0.99 0.98 0.99 1.00 0.99 0.99 0.99 1.01 1.01 1.00 

1.57 1.56 1.57 1.54 1.53 1.54 1.55 1.53 1.50 1.49 1.54 

0 44 0.44 0.44 0.46 0.47 0.46 0.46 0.47 0.47 0.47 045 

0.00 0.00 0.00 0.01 0.00 001 0.00 0.00 0.00 0.00 0.00 

0.01 0.00 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 0.00 0.00 0.00 0.00 0.00 0.00 0.01 

78.02 77.32 77.91 76.97 76.57 77.01 77.16 76.40 75.95 76.c-) 77.41 

21.92 22. 17 21.99 22.88 23.39 22.92 22.72 23.43 23.93 23.72 22.47

Pp 2



Table 13. Compositions of olivine phenocry.sts from LWI51FVP of Qs4a 

Iwl5lfvp#4b 1wl51fvp#4 lwl5fvpf4 IwlSlfvpU4e IwI151fpYSb IwlSlfvp#S Iw' ¼'vp#5 Iwl51fvpHSc 

37.84 37.92 37.94 37.95 38.86 38.66 i.7, 38.77 

40.59 40.80 40.77 40.67 40.50 40.83 40.8" 41.23 

19.93 20.27 20.43 20.48 20.54 20.33 ...s. 20.19 

0.12 0.12 0.15 0.14 0.17 0.16 0.14 0.13 

0.21 0.24 0.20 0.27 0.29 0.22 0,30 0.21 

029 014 0.29 0.23 0.28 0.22 0.30 0.32 

98.96 99.60 99.78 99.74 100.65 100.41 100.83 100.86 

0.99 0.98 0.98 0.98 1.00 0.99 1.00 0.99 

1.58 1.58 1.58 1.57 1.55 1.56 1.56 1.57 

0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.43 

0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 

001 0.01 0.00 0.01 0.01 0.01 0,01 0.01 

0.01 0.01 0.01 0.01 0.01 0.01 0.0! 0.01 

78.35 78.12 78.05 77.90 77.78 78.14 78.02 78.41 

21.51 21.71 21Q4 22.01 22.14 21.83 21.85 21.54

rP 3



Table 14. Composition of plagioclase phenocrysir nd groundmass (gin) from LW21FVP of Ql 1d

Point 1w21 _#b 1w21__#3 lw21 #3 lw21_#3e 1w21_f7b Iw21_#7 lw21_#7 1w21_#7e lw21_#lOb 1w21_#10 Jw2I_#10 1w21_#10 lw21_#IOe

SiO2 
A1203 

FeO 
CaO 
NaO 
K:O 
SrO 
BaO 
TGTAL

, 96 47.45 49.88 

29.09 30 z-- 30.49 

0.82 0.69 0.83 

12.63 14.04 14.10 

4.21 3.40 3.56 

0.32 0.21 0.22 

0.33 0.32 0.39 

0.11 001 0.11 
98.55 98.72 99.57

Cations based on 8 oxygens 
Si 2.37 2.30 

Al 1.59 1.68 

Fe 0.03 0.03 
Ca 0.63 1.70 

Na 0.38 0.31 

K 0.02 0.01 
Cr 0.01 a lI 

1 0.00 000 

: •1.97 1L4 
At 3636 30.07 
An 61 08 696"

2-30 
1.66 
0.03 
0.70 

0.32 
0.01 

0.01 
0.00 

1.26 
30i,9 
67.66

50.60 

29,59 

0.79 

12.99 

4.04 

0.31 

0.31 
0.11 

98.73

2.35 
1.62 
0.03 
0.65 
0.36 
0.02 
0.01 

0.00 

1.78 
35.33 

62.71

51.98 

29.79 

0.76 
12.67 

4.38 

0.36 

0.29 
0.08 

100.30 

2.37 
1.60 
0.03 
062 

0.39 
0.02 
0.01 

0.00 

2.03 
37I.63 
60.19

51.07 48.69 

30.65 29.36 

0.73 0.73 

13.52 14.57 

3.79 3.63 

0.23 0,26 

0.33 0.32 

0.06 0.08 
100.39 97.64 

2.33 2.30 

1.65 1.63 
0.03 0.03 
0.66 0.74 

0.34 0.32 
0.01 0.02 

0.01 0.01 
0.00 0,00 

1.35 1.42 

33.17 30.58 

65.37 67.86

50.37 
29,67 

0.31 
13.13 
3.79 

0.29 
0.35 
0.07 

99.48 

2,34 
1.63 
0.03 
0.65 
0.34 
0.02 
0.01 
0.00 

1.62 
33.65 
64,53

49A49 49.05 49.50 50.11

30.07 
0.82 

13.72 

3.57 

0.25 

0.42 
0.06 

98.40 

2.31 

1.65 
0.03 
0.69 

0.32 

0.02 

0.01 

0.00 

1.44 
"31.55 
66.90

30.20 

0.67 
13.83 

3.55 

0.24 

0.34 

0.06 
97.95 

2.30 
1.67 
0.03 
0.70 
0.32 
0.02 
0.01 

0.00 

1.41 

31.23 
67.25

30.06 

0.68 

13.66 

3.58 

0.23 

0.27 

0.03 

98.01 

2.31 
1.66 
0.03 
0.69 

0.32 
0.01 
0.01 

0.00 

1.36 

31..1 

66.9

30.28 

0.74 
13.86 

3.52 

0.23 

0.30 
0.07 

99.11 

2.32 
1.65 
0.03 
0.69 

0.32 
0.01 

0.01 

0.00 

1.32 

31.04 
67.51

Do^& 4

50.55 
30.01 

0.87 
13.36 

3.76 

0.27 

0.39 
0.13 

99.33 

2.33 

1.63 
0.03 
0.66 

0.34 

0.02 

0.01 
0.00 

1,55 
33.14 
65.08



Table 14. Compo Ition of plagiociase phenocrysts and groundmass (gin) from LW211VP ofQlIld 

Iw2l Ihl ab Iw21 #Oa Iw2a 11iiat lw2l #11bb Iw2I#11b 1w21_hllb Iw21 #11b 1w21_I#Ibe 1w21 _12ab 1w21_h12a Iw21_#12a 1w21 _12a 

57.42 50.44 49.76 49.33 49 84 50.35 50.33 50.55 48.34 48.24 48.70 48.29 

23 69 29.92 29.44 29.21 30.06 29.96 29.74 29.55 29.21 30.33 30.40 30.30 

0.62 0.73 0.80 0.74 066 0.58 0.66 0,76 0.93 0.71 0.70 0 78 

665 13.57 13.0t 13.77 13.77 13.49 13.60 12.79 13.69 13.63 1368 1392 

5.87 3.64 4.02 3.80 3.62 3.64 3.64 4.11 3.79 3.57 3.52 3.52 

3.24 0.26 0.32 0.29 0.23 0.23 0.25 0.32 0.32 0.24 0.22 0,26 

0.1I 0.37 0.29 0.31 0.27 0.137 0.29 0.31 0.31 0.34 0.24 0.31 

028 0.12 0.10 0.07 0.04 0.07 0.07 0.00 0.04 0.05 0.02 0.08 

97.89 99.04 97.73 97.52 98.49 98.68 98.56 98.39 96 63 97.14 97.47 97.46 

2.67 2 33 2.34 2.33 2.32 2.34 2.34 2.35 2.30 2.28 2.29 2.28 

1 30 161 1 63 1,62 1.65 1.64 1.63 1.62 1.64 1.69 1.69 1.69 

0 02 0.03 0.03 0.03 0.03 0.02 0.03 0.03 0.04 0.03 0.03 0.03 

0 33 0.67 0.65 0.70 0.69 0.67 0.68 0.64 0.70 0.69 0.69 0.70 

0 53 0 33 0.37 0.35 0.33 0.33 0.33 0.37 0.35 0.33 0.32 0.32 

0.19 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.02 

0.00 0 01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 

001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 

is15 1.50 1.12 1.63 1,35 1.35 1.43 1.82 1.80 1.43 1.30 1.49 

50.04 32.09 35-15 32.74 31,78 32.31 32.11 36.08 32.72 31.66 31.32 30.87 

31 33 6620 62.65 65.51 66.12 66.23 66,33 62.09 65.40 66.77 67.35 67.49

Pae2



Table 14. Composition ofplagioclase phenocrysts and grou .,iass (gin) from LW2l1FVP of QIld

lw.lUl2ae 1w21 _#l2bb Iw21_#12b 1w21_#12b lw2ll2be

50 84 

2977 

0_81 

1296 

3 89 

0 30 

0 33 
0 09 

9899 

2 35 
1 62 
003 

064 

0 35 
0 02 
001 

000 

175 

34 '¶ 4'

50.36 

30.22 
077 

13.69 

3.59 

0.25 

0.36 
0.07 

99.31 

2 32 

164 
003 
0.61 
0.32 

002 
001 
000 

I 45 
3 ! 70 
6672

48.67 

30.07 

0.65 

14.32 

3.47 

0.24 

0.31 

0.05 
97.77 

2.29 
1.67 
0.03 
0-72 
0.32 
0.01 
0,01 
0.00 

1.36 
3004 
61.52

49.07 

30.37 

0,68 
13.93 
3.59 

0.24 

0.38 
0.07 

98.31 

2.29 
1.67 
0.03 
070 

0.33 
0.01 
0.01 
0,00 

1.36 
31.34 
67.11

50.23 

29.12 

0.81 
12.42 
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 

2.22 
37.32 
60.26

1w2l _1M3b 

gn 
48.57 
29.65 

0.77 
13.29 
3.64 

0.27 
0:46 
0.08 

96-72 

2.31 
1.66 
0.03 
0.68 
£.34 

0.02 
0.01 
0.00 

1.57 
32.57 
65.71

lw21_#13 lw21_#13 lw21Ic 13e lw21_#14ab lw2

gm 
48.40 
29.97 

0.70 
13.51 
3.69 

0.24 
0.33 
0.05 

96.88 

2.29 
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 

13.41 

3.65 

6.32 

0.33 

0.10 
97.03 

2.31 
1.65 
0.03 
0.68 
0.34 
0.02 

0.01 
0.00 

1.85 
32.36 
65.61

gm 
56.04 
25.34 

0.71 
7.76 
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 
37.44

gm 
52.30 
28.86 
0.86 
11.89 
4.64 

0.39 
0.35 
0.12 

99.40 

2.40 
1.56 
0.03 
0.59 
0.41 
0.02 
0.01 
0.00 

2.23 
40.40 
57.17

1-#14a lw21_#14a 

gni gm 

48.22 47.90 

29.94 29.94 

0.78 0.73 

13.71 13.85 

3.66 3.62 

0.24 0.23 

0.36 0.33 

0.04 0.02 
96.95 96.62

2.29 
1.67 

0.03 
0.79 
0.34 

0.02 
0.01 

0.00 

1.39 
32.10 

66.44

2.28 

1.68 
0.03 
0.71 
0.33 

0.01 

0.01 
0.00 

1.32 
31 68 
66.96

AO3



Table 14. Composition of plagioclase pheiocrysts atd groundmas (gin) from LW21IFVP of Qi Id

lw21 #14ab Iw21_#14bb lw21_#14b lw21 #14be 

gm gm gm gm 

48.51 55.29 49.17 49.41 

30.20 21.49 29.45 29.14 

0.67 1.45 0,90 0.89 

13.79 9.08 13.19 12.53 

3.58 4.95 3 04 4.08 

3.24 2.07 j 0.37 

0.34 0.09 0.34 0.36 

0.10 0.17 0.06 0.I1 

97.42 96.49 97.37 96.89 

2-29 2.64 2.32 2.34 

I.,.1a1.21 1.64 1.63 

0.03 0 o t 0.04 0.04 

0.70 04;i 0.67 0.64 

0.33 0.45 0.36 0.38 

0.01 0.13 0,02 0.02 

0.01 0.00 0.01 0.01 

0.00 0.00 0.00 0.00 

1.37 12.t0 1.90 2.18 

3).44 43.06 34.41 36.19 

67.02 44.53 63.60 6144

in--ji.A



Table 15. Composition of plagioclase phenocrysts and groimdmass (gin) from LW73FVII of QlI b

LW73phlb LW73phl LW73phl LW73phl LW73phl LW73phl LW73phle LW73ph2b LW73ph2 LW73ph2 LW73ph2 LW73ph2c

SiO, 
AILO 3 

FeO 
CaO 
Na2O

SrO 
BaO 

TOTAL

50.65 
36.55 

0.69 
13.64 

3.43 

0.30 
0.34 
0.07 

99.67

Cations based on 9 oxygens 
Si 2.33 
At 1.65 
Fe 0.03 
Ca 0.67 
Na 0.31 

K 0.02 
:;r 0.01 

Ba 0.00 

Or 1.76 
Ab 30.71 
An 67.40

50.53 

36.68 

0.61 

13.70 

3.50 

0.25 

0.21 
0.09 

99.57 

2.32 
1.66 
0.02 
0.67 
0.31 

0.02 
0.01 

0.00 

1.48 
3107 
6728

51.10 
30.39 

0.71 

13.55 

3.59 

0.32 

0.22 

0.09 
99.97 

2.34 

1.64 
0.03 
0.66 
0.32 
0.02 
0,01 
0.00 

1.17 
31.76 
66.22

50.42 

30.98 

0.62 

13.71 

3 38 

0.23 

0.35 

0.05 
99.75 

2.31 
1.67 
0.02 
0.67 
0.30 
0.01 

0.01 
0.00 

1.36 
30.40 

68.15

50.50 

30.48 
0.64 

Ii 10 

3.43 

0.23 
033 
0.08 

99.48 

2.32 
1.65 
0.03 
0.68 
0.31 
0,01 
0.01 
0.00 

1.34 
3D.55 
67.97

50.30 

30.07 

0.59 

13.32 

3.55 

0.28 

0.35 

0.12 

98.57 

2.33 
1.65 
0.02 
0.66 
0,32 
0.02 

0.01 
0.00 

1.63 
31.91 

66.24

51.28 

29.90 

0.81 
13.13 
3.77 

0.35 
0.42 
0.13 

99.78 

2.35 
1.62 
0.03 
0.65 
0.34 
0.02 
0.01 
0.00 

2.05 
33.42 
64.31

51.06 

30.43 
0.76 

13.76 
3.51 

0.26 
0.24 
0.12 

100.13 

2.33 
1.64 
0.03 
0.67 
0.31 
0.02 
0.01 
0.00 

1.50 
31.04 
67,24

51.15 

30.91 

0.68 
13.72 

3.52 

0.21 

0.29 

0.07 
100.54 

2.33 
1.66 
0.03 
0.67 
0.31 

0.01 
0.01 
0.00 

1.25 
31.29 

67.34

51.24 

30.35 

0.67 

13.51 

3.50 

0.22 

0.33 
0.07 

99.89 

2.34 
1.64 

0.03 
0.66 
0.31 

0.01 

0.01 
0.00 

1.30 
31.45 

67.13

51.49 

30.70 

0.69 
13.55 

3.58 

0.24 

0.34 

0.06 
100.64 

2.34 
1.64 
0.03 
0.66 
0.32 

0.01 
0.01 
0.00 

1.41 

31.85 

66.63

Pn* I

52.13 

29.70 

0.87 

12.80 

3.86 

0.35 

0.28 

0.10 

100.09 

2.38 
1.60 
0.03 
0.63 
0.34 

0.02 
0.01 

0.00 

2.07 
34.49 
63.25



"Tablk 15. Composition of plagioclase phenocrysts and groundmass (gm) from LW73FVP t,"HQl!b

LW73ph4b lW73ph4 LW73ph4 LW73ph4 LW73ph4 LW7IpS4 LW73ph4c

4946 

31.00 

0.72 
13.57 

3.43 

0.27 

0 26 
0.06 

98.77 

2.29 
1.69 
0.03 
0.67 
0.31 
1.02 
0.01 
000 

158 
3086 
6745

50.34 

30.99 

0.68 
13.88 

3.46 

0.26 

0.27 
0.00 

99.87 

2.31 
1.67 
0.03 
0.68 
0.21 
0.02 
0.01 
0.00 

1.48 
30.63 
67.19

49.27 

31.06 

0.70 

14.04 

3.34 

0.19 

0.30 
0.03 

98.93 

2.28 
1.70 
0.03 
0.70 
0.30 
0.01 
0.01 
0.00 

1.12 
29.72 
69.12

48.85 

30.68 

0.69 
13.69 

3.29 

0.20 

0.28 

0.00 
97,67 

2.29 
1.70 
0.03 
0.69 
0.30 
0.01 
0.01 
0.00 

1,22 
29.91 
68.96

49.51 

30.88 

0.67 

13.74 

3.46 

0.21 

0.32 

0.05 
98.83 

2.30 
1.69 
0.03 
0.68 
0.31 
0.01 
0.01 

0.00 

1.22 
30.17 
67.82

49.92 

30.80 

0.71 
13.57 

3.53 

0.26 

0.26 

0.05 
99.09 

2.31 
1.68 
0.03 
0.67 
0.32 
0.02
0.01 
0.00 

1.50 
31.50 
66.91

49.83 

30.50 

0.66 
13.54 

3.47 

0.27 

0.32 

0.06 

98.64 

2.31 
1.67 
0.03 
0.67 
0.31 
0.02 
0.01 
0.00 

1.61 
31.15 

67.14

LW73phl_gm I 
gm 

53.54 

28.70 

0.90 
11.64 

4.53 

0.49 

0.22 
0.08 

100.10

LW73ph l__gm I 

gm 
52.47 

29.73 

1.00 
12.38 

4.06 

0.45 

0.25 

0.10 
100.47

2.44 
1.54 

0.03 
0.57 
0.40 
0.03 
0.01 
0.00 

2.84 
40.07 
56.95

LW73ph l_gm2 

gm 

54.47 

27.60 

0.86 
10,18 

4.97 

1.05 

0.22 

0.31 
99.67

2.39 
1.59 
0.04 
0.60 
0.36 

0.03 
0.01 
0.00 

2.66 

36.16 
61.00

LW73phl_gm2 
gm 

51.33 
29.89 

0.85 
12.87 
3.84 
0.36 

0.36 
0.07 

99.56

2.49 
1.49 
0.03 
0.50 
0.44 
0.06 
0.01 
0.01

2.36 
1.62 
0.03 
0.63 
0.34 
0.02 
0.01 
0.00 

2.13 
34.25 
63.50

6.10 
43.79 
49.55

POP



Tabic 15. Composition of plagioclaie phenocrysts and groundmass (gin) from LW73FVP of Qllb

LW73phlzgm3 
gm 

52.91 

28.99 
0.91 

12.06 
4.28 

0.44 

0.19 
0.08 

99.87

2.41 
1.56 
0.04 
0.59 
0.31 
0 03 

0.01 
0.00 

2.60 
3806 
59.20

LW73phl_.gm3 
gm 

56.59 

25.52 
0.65 
8.07 

6.10 
0.98 
0.26 
0.28 

98.44

2,60 
1.38 
0.03 
0.40 
0.54 
0.06 

0.01 
0.01 

5.72 

54,15 
39-62

LW73ph Lgm3 
gm 

59.98 

22.48 
0.63 
4.62 
6.52 
2.80 
0.16 
1.01 

98.20

2.76 
1.22 
0.02 
0.23 
0.58 
0.17 
0.00 
0.02 

16.59 
58.63 
22.94

LW73ph2_g3i I 
gm 

51.37 

29.57 
0.90 

12.72 
3.89 

0.38 
0.33 
0.09 

99.26

2.37 
1.61 

0.04 
0.63 
0.35 
0.02 

0.01 
0.00 

2.26 
34.76 

62.82

LW73ph2..gml 
gm 

51.07 

30.61 
0.81 

13.24 
3.60 
0.34 
0.34 
0.02 

100.04

2.33 
1.65 
0.03 
0.65 
0"2 

0.02 
0.01 

0.00 

2.01 
32.31 
65.65

LW73pbph2_gm I 
gm 

51.74 

30.02 
0.99 

12.75 
3.97 

0.37 
0.24 
0.13 

100.21

2.36 1.61 
0.04 
0.62 
0.35 
0.02 
0.01 
0.00 

2.17 
35.15 
62.44

LW73ph2._gm2 
gm 

51.80 
30.18 

0.82 
13.24 

3.60 

0.35 
0.30 
0.04 

100.33

2.36 1.62 
0.03 
0.65 
0.32 
0.02 
0.01 
0.00 

2.04 
32.30 
64.58

LW73ph2_gm2 
gm 

51.49 
30.05 

0.79 
13.13 

3.73 
0.36 

0.43 
0.13 

100.11

2.35 
1.62 
0,03 
0.64 
0.33 

0.02 

0.01 
0.00 

2.09 
33.14 
64.53

LW73ph2.gin2 gmn 

51.87 

29.50 

0.93 

12.19 
4.19 

0.44 

0.32 

0.09 

99.52 

2.38 

1.60 
0.04 

3.60 

0.37 

0.03 

0.01 
0.00 

2.57 

37.33 
59.94
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Table 15. Composition of plagioclase phenocrysts and groundmass (gin) from LW73FVP of Qllb

LW73ph4_gmn I 
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 

221 
35.15 
62.46

LW73 ph4..gm I 
gm 

52.32 

29.45 
0.81 

12.44 

4.19 

0,43 

0.32 
0.07 

100.01

2.39 
1.58 
0.03 
0.61 
0.37 
0.03 
0.01 
0.00 

2A7 

36.91 
60-54

LW73ph4_gm I 
gm 

53.32 

29.01 
0.88 

11,88 
4.57 
0.48 
0.25 
0.04 

100.43 

2.42 
1.55 
0.03 
0.53 
0.40 
0.03 
0.01 
000 

2.72 
39.91 
57.30

LW73ph4_gm2 
gm 

52.03 

29.21 
0.93 

11.96 
4.38 
0.47 
0.21 
0.11 

99.29 

2.39 
1.59 
0.04 
0.59 
0.39 
0.03 
0.01 
0.00 

2,74 
38.66 
58.39

LW73ph4._gm2 
gm 

51.09 

29.94 

1.00 

12.71 

3.97 

0.41 

0.29 

0.05 

99.46

2.35 
1.62 
0.04 
0.63 
0.35 
0.02 
0.01 
0.00 

2.40 
35.21 

62.30

LW73ph4_gm3 
&M 

51.89 

29.14 

0.91 

12.06 

4.24 

0.46 

0.22 
0.06 

98.98

2.39 
1.58 
0.04 
0.60 
0.31 
0.03 
0.01 
0.00 

2.70 
37.78 
S9.41

LW73ph4_gm3 
gni 

50.56 
29.60 

0.90 
12.67 
3.88 

0.40 
0.35 
0.14 

98.50 

2.35 
1.62 
0.04 
0.63 
0.35 
0.02 
0.01 
0.00 

2.35 
34.71 
62.63



Table 16. Composition of groundmass plagioclase from LW4OFVP of QI2a

Point

SiO2 

A1203, 
Feco 
CaO 

Na2 0 

K20 

SrO 

TOTAL

Iw40#6_1I1 IY40#6_2_1

53.89 

28.06 

0.95 
10.88 

4.91 

0.60 

0.25 

99.64

Cations based on 8 oxygens 

Si 2.46 
Al 1.51 

Fe 0.04 

Ca 0.53 
Na 0.44 

K 0.04 

Sr 0.01

Or 
Ab 

An

3.51 
43.27 
53.03

Iw40#6 2_3 

51.24 
30.27 

1.00 
13.21 
3.67 
0.32 
0.31 

100.08

1w40#6_2_2 

50.65 

30.71 

0.82 
13.76 

3.52 

0.29 

0.31 

100.08

51.87 

29.97 

0.92 

12.60 

4.00 

0.39 

0.38 

100.27 

2.37 
1.61 

0.04 
0.62 

0.35 
0.02 
0.01 

2.27 
35.55 

61.92

2.32 
1.66 
0.03 
0.68 
0.31 
0.02 
0.01 

1.71 
31.10 
67.13

iw40#3_1_1 

51.36 
30.20 

1.0c 
13.S8 
3.78 
0.34 
0.32 

100.30

2.35 
1.63 
0.04 
0.65 
0.33 
0.02 
0.01 

1.97 
33.42 
64.46

lw40#31 2 

52,40 

29.22 

1.01 

11.92) 
4.40 

0.51 

0.27 

99.88

2.40 
1.58 
0.04 
0.58 
0.39 
0.03 
0.01

2.97 
38.76 
57.99

1w40#3 2_1 

51.76 
29.92 
0.96 

12.50 
421 
0.43 
0-27 

100.14

2.36 
1.61 

0.04 
0.61 
0.37 

0.03 
0.01 

2.50 

36.84 
60.49

2.34 
1.63 

0.04 
0.65 
0.33 
0.02 
0.01 

1.85 
32.77 
65.24

DýI



Table 17. Composition of groundmass plagioclase from LW61 FVP of Q13

lw6l fvp Il' 
50.74 

30.43 

1.02 

13.05 
3.67 

0.37 

0.30 

99.57

1w61 fvp I -r 
50.82 

29.59 

0.95 
12.43 

3.97 

0.40 

0.29 
98.45

Iw6lfvp_..#_10 
49.12 

30.83 

0,84 

13.62 

3.34 

0.27 

0.25 
98.97

1w61 fp# 1_4 
49.77 

30.88 
0.81 

1336 
3.55 

0.30 

0.28 

98.94

Cations based on 8 oxygens 

Si 2.33 

Al 1.65 

Fe 0.04 

Ca v.64 

Na 033 

K 0.02 

Sr 0.01

Or 
Ab 

An

2.18 
33.00 
64.82

Point 
SiO 2 

A120, 

FeO 

CRO 
Na2O 

KzO 
SrO 
TOTAL

2.36 
1.62 
0.04 
0.62 
0.36 
0.02 
0.01 

2.38 
35.75 
61.87

2.30 
1.68 
0.03 
0.68 
0.30 
0.02 

J.01 

1.60 
30.21 
68.19

2-30 1.61 
0.03 
0.66 
0.32 
0.02 
"0.0I 

1.79 
31.I 
66.33

Page 1





Table 18. Composition of groundmass pyroxene from LW21FVP of QIld

Point lw21_#13_b lw21_#13_c 1w21 #14_c

SiO2  48.24 

TiO 2  2.29 

A120 3  4.22 

Fe2O3 7.32 

FeO 3.16 

MaO 0.22 

Cr2O•3  0.02 

Na2O 0.41 

MgO 13.27 

CaO 20.79 

TOTAL 99.92 

Cations based on 6 oxygens 

Si 1.8 1 

Ti 0.07 

Al 0.19 

3" 0.09 

Fe 0.23 

Mn 0.01 

Cr 0.00 

Na 0.03 

Mg 0.74 

Ca 0.84

Wo 
En 
Fs

46.06 
40.91 
13.03

48.90 
2.05 

3.56 

8.09 

2.86 
0,27 

0.03 

0.44 

13,64 
20.00 

99.83 

1.84 
0.06 
0.16 

0.08 

0.25 

0.01 
0.00 
0.03 
0.76 
0.81 

43.95 
41.71 
14.35

50.10 
1.56 
2.61 
8.16 
1.94 
0.31 
0.00 
0.34 

14.26 
20.19 
99.47 

1.38 
0.04 
C.12 

0.06 

0.26 
0.01 
0.00 
0.03 
0.30 
0.81 

43.28 
42.54 
14.18

Page 1
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Table 19. Composition of groundmass pyroxene from LW4OFVP of Q12a

Point

SiO0 
TiO 2 

A120, 

FeO 

MnO 

Cr2O, 

Na2O 

MgO 
CaO 

TOTAL

lw40_#3_a l 

47.73 

3.03 

4.16 

11.83 

0.00 
0,31 

0.02 

0.62 

10.92 
19,18 
97,80

Cations based on 6 oxygens 
Si 1.85 
Ti 0.09 
Al 0.19 

Fe,* 0.00

0.38 
0.01 
0.00 
0.05 
0.63 
0.80

Fe ,,+ 
Mn 

Cr 
Na 
Mg 
Ca 

Wo 
En 
Fs

43.75 

34.63 
21.62

Iw40_#3_a2 

46,45 

3.30 

4.03 

8.69 

3.13 
0.23 

0.01 

U.:2 

11.95 

20.2' 
98.51

1.79 

0.10 

0.18 

0.09 

028 
0.01 
0.00 
0.04 
0.69 
0.83 

46.13 

37.97 
15.89

1w40_#3_bl lw40_#3_b2

46.88 

3.54 

4.42 

10.15 

1.72 
026 

0.00 

0.48 

11.69 
20.12 
99.26 

1.79 

0.10 
0.20 

0.05 

0.33 
0,01 
0.00 
0.04 
0.67 
0.82 

4520 

36.53 
18.27

46.68 

3.50 

4.13 

9.30 

2.77 
0.28 

0.02 

0.51 

11.72 
20.41 

99.31 

1.79 

0.10 
0.19 

0.08 

0.30 
0.01 
0.00 
0.04 
0.67 
0.84 

46.18 
36.89 
16.93

Page 1

Iw40_#3 cj 

46.15 

3.62 

4.19 

9.89 

2.71 

0.22 

0.01 

0.55 

11.40 
19.88 
98.62

1.78 
0.11 
0.19 

0.08 

0.32 
0.01 
0.00 
0.04 
0.66 
0.82 

45.57 

36-34 
18.10

1w40_#3_c2 

46.88 

3.43 

4.76 

10.46 

1.55 
021 

0.01 

0.64 

1127 
19.84 
99.05

1.80 
0.10 

0.22 

0.05 

0.34 
0.01 
0.00 
0.05 
0.64 
0.82 

45.24 
35.76 
19.00



EXAMPLE



Table 20. Composition of magnetite inclusions in olivine and groundmass (gin) magnetite fho .i LW2 IFVP of Qlid

Point

SiOz 
T I 

AIIOI 
A1203 Cr2O1 

FeO 

Fc2O3 

••O 

MgO 
ZnO 
TOTAL

tw21fvp_2m lw21fvp_2m 1w21 Np_2ma 1w21 fp_2ma lw2Ifvp_4i 1w2 1vp.4m 1w21 fvp4m lw21 fvp.4ma lw2Ifvp_4ma 1w21fvpm

0.1! 
10.14 

8.49 
4.16 

32.93 
35.66 

0.23 
5.08 
0.16 

96.96

Cations based on 32 oxygens 
Si 0.03 
Ti 2.20 
Al 2.98 
Cr 0.95 

Fe2, 7.73 

Fe1+ 7.93 
Mn 0.06 
Mg 2.18 
Zn 0.03

0.10 
8.81 
9.10 

7.21 

31.22 

35.18 

0.31 

5.59 
0.11 

97.62 

0.03 
1.88 
3.05 
1.62 

7.53 

7,42 
0.08 
2.37 
0.02

0.15 

13.38 

5.56 

3.94 

37.19 

32.36 

0.38 
3.83 
0.04 

96.81 

0.04 

2.97 
1.93 
0.92 

7.18 

9.17 
0.09 
1.61 

0.01

0.09 
11.00 

8.15 
4,60 

35.02 
34.16 

0.34 
4.32 
0.17 

97.86 

0.03 
2.38 
2.76 
1.05 

7.39 

8.42 
0.09 
1.85 
0.04

0.11 
14.46 

4.20 

4.44 

39.36 

31.80 

0.42 

3.13 
0,02 

97.94 

0.03 
3.21 
1.46 
1.04 

7.06 

9.71 
0.11 
1.38 

0.01

0.10 
16.79

3.39 
2.20 

41.42 
30.58 
0.55 
3.03 
0.09 

98.15 

0.03 
3.73 
1.18 
0.51 

6.80 

10.24 
0 14 
1.34 
0.02

0.08 
18.21 

2.67 

2.88 

42.78 

28.58 

0.59 
3.07 
0.11 

98.97 

0.02 
4.03 
0.93 
0.67 

6.32 

10.52 
0.15 
1.35 
0.03

0.08 
16.75 

3.52 

3.42 

41.31 

29.78 

0.49 
3.26 
0.05 

98.66 

0.02 
3.70 
1.22 
0.79 

6.57 

10.13 
0.12 

1.43 
0.01

0.07 
16.07 
4.19 

3A1 
41.05 
30.28 

0.42 
3.14 
0.09 

9F 73 

0.02 
3.54 
1.44 
0.79 

6.67 

10.04 
0.11 
1.37 
0.02

0.10 
7.70 

13.15 

8.69 

30.60 

32.37 

0.23 

6.12 
0.0O 

99.06 

0.03 
1.59 
4.24 
1.38 

6.67 

7.01 
0.06 

2.50 
0.02

pagp I



Table 20. Composition of magnetite inclusions in olivae and graundmass igm) magnetite from LW21FVP of QIld

lw2lfvpSm lw21fvp_Sm lw2lfvp_5ma lw2lfvpjma lw2lfvp_5mb lw2lfvp_5mb lw2lfvp_5mc lw2Jfvl...mc lw2Ifvp_5mc lw2If-vp_5mc lw2lfvp_13m 

gm gm gm gm gm 

0.08 0.08 0.12 0.10 0.09 0.11 0.14 0.07 0.10 0.10 0.12 

7.53 7.51 10.78 10.67 12.75 i4.02 14.51 12.52 12.20 12.60 21.61 

12.96 12.33 7.66 7.60 6.20 5.45 5.40 6.26 6.20 6.1!1 1.95 

9121 8.43 1.95 2.41 3.48 2.89 0.38 0.37 0,37 0.33 0.07 

30.32 30.09 34.06 34.00 36.88 38.57 39.83 38.11 31.55 38.18 46.09 

32.59 33.27 39.01 39.33 34.58 34.08 35.01 38.52 39.22 38.43 22.84 

0.21 0.26 0.27 0.28 0.38 0.46 0.40 0.32 0.39 0.32 0.43 

6.26 6.06 5.01 5.11 4.07 3.77 3.14 3.37 3.48 3.31 2.26 

0.10 0.07 0.12 0.117 0.09 0.08 0.08 0.14 0.07 0.00 0.12 

99.25 98.10 98.98 99.66 98.51 99.42 98.89 99.66 99.58 99.37 95.49 

0.02 0.02 0.03 0.03 0.03 0.03 0.04 0.02 0.03 0 03 0.04 

1,55 1.57 2.31 2.27 2.77 3.04 3.17 2.71 2.64 2.74 4.98 

4.18 4.03 2.:,6 2.53 2.11 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 

6.71 6.95 8.34 836 7.52 7 ;S 7.66 8.34 8.49 8.35 5.27 

6.93 6.95 8.10 4.03 8.9) 9.29 9.69 9.17 9.04 9.22 11.81 

0.05 0.06 0.06 0.07 0.09 0.11 0.10 0.08 0.09 0.08 0.11 

2.55 2.51 2.12 2.15 1.75 1.62 1.36 1.44 1 49 A.42 1.03 

02 0.02 0.03 0.03 0.02 0.02 0.02 0.03 0.02 0.00 0.03 

'C 

Pop 2



Table 20. Composition of magnetite inclusions in olivine and groundmass (gm) magnetite from LW21FVP of QI! d

1w21 fvp_13m 
gin 

0.13 

21.72 
161 
0.09 

45.97 
23.00 

0.62 
2.24 
0.08 

95.45 

0.04 
5.02 
0.58 
0.02 

5.32 

I!.91 
0.16 
1.02 
0.02

1w21_#13_a 
gm 

0.11 
20.43 

1.79 

0.02 
44.91 
27.25 

0.60 
2.67 
004 

97.82 

0.03 
4.60 
0.63 
0-01 

6-13 

12.23 
0.15 
1.19 
0,6;

1w21_#13_a 
gm 

0.12 
19.87 

1.71 
0.05 

44.44 
27.74 

0.54 
2.49 
0.13 

97.09 

0.04 
4.51 

0.61 
0.01 

6.30 

11.23 
0.14 
1.12 
0.03

1w21 # 13_a lw2lfvp_14m 
gm gm 

0.12 0.11 

20.70 18.39 
1.93 2.65 

0.09 0.04 
45.10 42.29 
26.10 30.29 

062 0.54 
2.61 3.22 
0.04 0.12 

97.31 97.63

0.04 
4068 
0.68 
0.02 

5.90 

11.33 
0.16 
1.17 
0.01

0.03 
4.12 
0.93 
0.01 

6.78 

10.53 
0.14 
1.43 
0.03

lw21.#14_a 
gm 

0.13 
18.05 

1.43 
0.05 

44.00 
31.38 

0.49 
1.74 
0.16 

97.43 

0.04 
4.12 
0.51 
0.01 

7.17 

11,18 
0.13 
0.79 
0.04

Iw2 I1#N14_a 
gm 

0.15 
20.64 

1.69 
0.02 

44.73 
26.07 

0.55 
2.67 
0.17 

96.69

0.05 
4.70 
0.60 
0.01 

5.94 

11.32 
0.14 
1.21 
0.04

lw21_#14_Ib 
gm 

0.15 

20.12 
1.54 
0.12 

44.51 
27.43 

0.2 
2.54 
0.09 

97.14

0.05 
4.57 
0.55 
0.03 

6.23 

11.24 
0.16 
1.14 
0.02

1w21_#14_b 
gm 

0.15 
20.16 
1.62 

0.12 
44.82 
27.88 

0.59 
2.57 
0.15 

98.07 

0.04 
4.53 
0.57 
0.03 

6.27 

11.21 
"0.15 
1.lb 
0.03

1w21-#14-b 
gin 

9.12 

10,45 
1.76 

0.14 
43,72 
28.96 

0.67 
2.76 
0.19 

97.77

0.04 
4.38 
0.62 

0.03 

6.53 

10.95 
0.17 

1.23 
0.04

1w2 I #14b 
gm 

0.11 
11.34 

i.69 

0.24 

43.65 
29.37 

0.57 
2,84 
0.11 

97.90

0.03 
4.35 
0.59 
0.06 

6.61 

10.92 
0.14 
1.27 
0.92

Pao 3
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Table 21. Composition of magnetite inclusions in olivine and groundmass (gin) magnelite from LW40FVP of QI2a

Point

SiO2 
TiO2 

A 1•O, 

MnO 

MgO 
ZnO 
TOTAL

lw40#1_a lw40# la

0.10 

15.58 

3.03 

1.67 

40.62 

34.76 
0.43 

3.11 

0.10 
99.39

Cations based on 32 oxygens 

Si 0.03 

Ti 343 

Al 1.05 
Cr 0.39

Fc'¢ 

Mn 

ng 
Zn

7.66 

9.95 
0.11 
1.36 
0.02

0.09 
15.08 

3.24 

2.00 

40.02 

35.17 

0.39 

3.24 
0.02 

99.23 

0.03 
3.32 
1-12 
0.46 

7.75 

9.80 
0.10 
1.41 
0.00

lw40Nla lw40#__b lw40#l_b lw40#lb Iw40#1-c 

gm 
0.11 0.10 0.71 0.12 0.13 

13-85 7.28 7.34 7.21 18.23 

3.74 13.21 12.17 12.73 1.97 

3.84 9.37 9.35 8.85 0.32 

38.60 29.09 28.61 28.83 44.24 

35.26 32.01 32.19 32.71 30.34 

0.49 0.29 0.23 0.24 0.51 

3.44 6.66 6.92 6.60 1.81 

0.05 0.12 0.15 0.16 0.00 

99.37 98.12 98.37 97.44 97.5'

0.03 
3.03 
1.28 
0.88 

7.73 

9.40 
0.12 
1.49 
0.01

0.03 
1.51 
4.28 

2.04 

6.63 

6.69 
0.07 
2.73 
0.02

0.19 
1 51 
4.14 
2.02 

6.61 

6.53 
0.05 
2.82 
0.03

0.03 
1.51 
4.17 
1.94 

6.83 

6.69 
0.06 
2.73 
0.03

0.04 
4.14 
0.70 
0.08 

6.90 

11.18 
0.13 
0.81 
0.00

Iw40# Ic 
gmr 
0.10 

18.10 
1.87 

0.21 
44.11 
30.39 
0.51 
1.70 
0.12 
9"710 

0.03 
4.14 
0.67 
0.05 

6.96 

11-22 
0.13 
0.77 
0.03

Iw4OuIl_c 
WI' 
0.14 

17.89 
172 
'. 17 

43.66 
31.05 
0.51 
1.83 
0.08 

97.04 

0.04 
4.09 
0.62 
0.04 

7.11 

11.11 
0.13 
0.83 
0.02

Iw40#6_a 
gm 
0.11 

17.12 

2.06 

0.41 

42.56 

33.07 

0.53 

2.37 
0.20 

98.42 

0.03 
3.85 
0-72 
0.10 

7.43 

10.63 
0,13 
1.05 
0.04

lw40M6_a 
gm 

0.10 

16.18 
2.49 
0.68 
41.57 
34.48 
0.51 
2.58 
0.10 
98.68 

0.03 
3.61 
0.87 
0.16 

7.70 

1032 
0.13 
1.14 
0.02



Table 21. Contpostion of magnetite inclusions in olivine and groundmass (gin) magnetile from LW4OFVP of Ql2a

Iw40#6_c !w40#6-c Iw40f6.c lw4Ofv" 3_ml 

gm 
0.10 0.13 0.11 0.11, 
14.32 15.45 16.81 17.27

lw40#6-a 

gm 

0.13 

16.49 

2.18 

0.58 

41.91 

34.51 

0.51 

2.57 
0.05 
98.91

0.03 
3.16 
1.20 
0.72 

7.7-1 

9.57 
0.10 
1.46 
0.02

lw40#6_b 

gm 

0.12 

16.70 

2.35 

0.59 

4244 

34.88 

0.42 
2.69 

0.27 
100.45

Iw40#6_b 
gm 

0.11 
16379 
2.08 
0.46 
42.26 
34.50 
0.52 
2.60 
0.20 
99.51

1w40#6-b 

gm 

0.11 

17.13 

1.94 

0.47 

42.67 

34.11 

0.47 

2.58 
0.10 
"99.58

lw40fvpN3_rm2 
gm 

0.11 
21.66 
1.50 
0.21 

47.87 
22.73 
0.46 
1.13 
0.11 
95.78

2.80 

1.91 

40.05 
34.55 

0.45 
3.19 

0.17 
98.70 

0.04 
3.43 
0.97 
0.44 

7.67 

9.88 
0.11 
1.40 

0.04

lw40fvp#3_m3 

gmn 
0.11 
20.53 
1.62 

0.32 
46.94 
25.31 
0.48 
1.22 
0.05 
96,58

1.89 
1.38 

41.58 
3327 
0.50 
2.96 
0.05 

98.43 

0.0" 
3.76 
0.66 
0.32 

7A5 

10.35 
0.13 
1.27 
0.01

ftý..A b i

3.46 

3.10 

39.06 

35.09 
0.42 

3.34 
0.09 

9I -)8

0.04 

3.68 
0.76 
0.14 

7.70 

10.40 
0.13 
1.13 
0.01

2A5 
0.41 

42.79 
32.59 
0.46 
2.45 
0.19 
98.71 

0.03 
3.96 
0.86 
0.10 

7.28 

10.63 
0.12 
1.09 
0.04

0.03 
3.67 
0.81 
0.14 

7.66 

10.36 
0.11 
1.17 
0.06

0.03 
4.73 
0.59 
0.08 

5.84 

12.03 
0.12 

0.56 
0.01

0.03 
3.73 
0.72 
0.11 

7.66 

10.43 
0.13 
1.14 
0.04

0.04 

0.51 

0.05 

5.29 

12.37 
0.12 
0.52 
0.03

0.Oj 

3.80 

0.68 
0.11 

7.57 

10.53 
0.12 
1.13 
0.02 

I", 

*ft



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

Iw135__mtil 1w135_1 rot2 1w135_3_mtl Iw135_3nmt2 1w135_3_mt3 lw135_3_mt4 w135_3_mIS 1w135_4_mtl lw135_4._nt2

0.09 

9.44 

6.64 

3-96 

41.24 

33.05 

0.25 
4.92 

99.59

SiO2 

TiO2 

A1 203 

Cr 2Oj 

FeO 

FC2 O3 

MnO 
MgO 
TOTAL.

0.10 
9.11 

7.45 

4.46 

40.65 

32.58 

0.22 
5.18 

"•,.75 

0.03 
1.93 

2.48 
1.00 

8.63 

7.69 
0.05 

2.18

0.10 
9.96 
7.47 
3.66 

39.28 
33.67 

0.28 
4.84 

99.25 

0.03 
2.13 
2.50 
0.82 
9.40 

8.00 
0.07 
2.05

0.01 
9.5.  
7.70 
4.25 

39.45 

33.31 

0 28 

4.95 
99.o2 

0.03 

2.04 
Z.i6 
0.95 

8,39 

7.87 
0.07 
2.09

0.09 
9.45 

4.03 

39.69 

32.03 

0.17 
5.54 

98.56 

0.03 
2,%'-2 

2.5A 
0.91 

8.49 

7.62 
0.04 
2.35

0.08 
9.22 

8.07 

5.42 

38.62 

32.29 

0.23 

5.43 

99.35 

0.02 

1.95 
2.68 
1.21 

8.19 

7.61 
0.06 
2.28

0.09 
8.45 

8.91 
6 93 

37.76 
31.07 
0.27 
5.84 

99.32

0.12 
10.03 

7.31 
4.6, 

38.18 
33,66 

0.31 
4.83 

99.12 

2.15 
2.45 
1.06 

8,.17 

8.01 
0.07 
2.05

0.09 
8.79 

8.40 

6.06 

38.15 

31.43 

0.29 
5.63 

98.85 

0.03 
1.87 
2.79 

1-35 

8.10 

7.42 
0.07 

2.37

Cations based on 32 oxygens
0.03 
2.02 

2.23 
0.89 

9.82 

7.86 
0.06 
2.08

PON i

P Wint

0.02 
1.78 
2.94 

1.j3 

7.95 

7.27 

0.06 
2.43

Si 
Ti 
At 
Cr 

Fe 1 

Fe'* 
Mn 
Mg



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

lw135_4_mL3 tw1354mt4 tw135_5_mtl w135_5mt2 w135_5_mt3 lw135_5_mt4 

0.16 '.11 0.10 009 0.10 0.10 

9.02 9.75 10.77 7.38 9.06 8.80 

7.96 7.06 6.68 10.28 7.46 8.24 

705 2.97 1.02 8.68 5.51 

36.57 40.95 41.19 36.40 38.86 31.07 

32.33 32.37 33.55 29.69 31-91 31.54 

0.24 0.23 0.24 0.21 0.22 0.18 

5.09 5.46 5122 6.23 5.33 5.54 

93.44 98.90 98.76 93.94 98.44 98.50 

0.05 0.03 0.03 0.02 0.03 0.03 

1.93 2.09 2.32 1.54 1.94 1.18 

2.67 2.37 2.25 3.37 2,5! 2.75 

1 59 0.67 0.23 1.91 1.24 1.35 

7.83 3.76 8.86 7.62 8.34 8.12 

7.69 7.70 1.02 6.90 7,61 7.48 

C-06 0.05 0.06 0.05 0.05 0.04 

2.16 2.32 2.22 2.58 2,27 2.34

nhank 'I



Table 23. Composition of magnetite inclusions in olivine and groundmass (gin) magnetite from LW61 FVP o;-,Q13

Point

SiO 2 

TiO, 

CrzO1 

FeO) 

FezO% 

MnO 
MgO 
ZnO 
TOTAL

lw61v_2_ml lw6ifvp._2rm2 1w61 fvp._2_m3

0.09 

15.39 

3.31 

1.48 

40.08 

34.75 

0.46 
3.26 
0.05 

99.86

Cations based on 32 ok, Aem 

Si 0.03 

Ti 3.40

At 
Cr 

Fe" 

Fe" 
Mn 
Mg 
Zn

i-Is 
0.34 

9.14 

7.61 

0.11 
1.43 
0.0!

0,11 

15.16 

3.67 

1.92 

38.79 

35.10 

0.31
4,14 
0.21 

99.48

0.03 
3.20 
1.25 
0.44 

9.40 

7.65 
0.09 
1.79 
0.04

lw61fvp2_m4

0.08 
9.15 

9.03 

9.09 

32.04 

34.29 

0.33 
5.71 
0.01 

99.74

0.02 
1.92 
2.6 
2.00 

7.46 

7.15 
0.05 
2,37 
0.00

0.08 
8.24 

9.73 

7.41 

29.89 

37.19 

0.26 
6.59 
0.04 

"99.42

0.02 
1.72 
3,17 
1.62 

6.92 

7.75 
0.06 
2.72 
0.01

tw6I fvp__m I

0.12 
14.97 

3.67 
2.16 

31.02 
35.43 

0.41 
4.51 
0.17 

99.45 

0.04 
3.25 
1.25 
0.49 

9.13 

7.70 
0.10 
1.94 
0.04

lw61 fvp 4jm2

0.12 
14.87 
4.20 
0.61 

37.78 
36.05 
0.38 
4.51 
0.00 

98.53 

0.03 
3.25 
1 :4 
0.14 

9.18 

7.38 
0.10 
196 
0.00

lw6 lfvp4_rm3 
gmi 

0.07 

13.73 

4.67 

2.81 

36.89 

35.91 

0.40 
4.58 

0.04 
99.39

lw61 fvp_4 m4 

0.12 

15,86 

3.33 

0.18 

40.34 

35.21 

0.46 
3.38 

0.17 
99.11

0.02 
2.98 
1.59 
0.64 

8.90 

7.79 
0.10 
1.97 
0.01

0.04 
3.49 
1.15 
0.04 

9.88 

7.77 

0.11 
1.47 

0.04
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Information Item 5 

Two each unannota'-i prints of aerial photographs of the Lathrop Wells volcanic center at 1:4,000. Prints are 
identified as 8-18-S7, 1:4.000 Lathrop Wells VC - Area 25 
frames 1-32, inclusive.
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