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APPENDIX: PETROGRAPHY OF MAJOR VOLCANIC UNITS

The Basalt of Malheur Gorge (BMG; 16.4-15.2 Ma; Evans, 1990 a)

Lower Pole Creek Unit (LPC; e.g. KL-049-264,-332, BB-56).

An exceptionally coarsely plagioclase-phyric basalt with lesser phenocrysts of augite

and olivine. Typical large plagioclase phenocrysts (1 to 3 cm long) are normally zoned
from An67 to An50, but cores of the larger phenocrysts are An81. Lees (1994) records

resorbed phenocrysts and sieve textures. The matrix is typically intergranular with
olivine (Fo63-44), augite (En41-46Wo39-43Fs12-18), ilmenite, and titanomagnetite.

Petrographically these flows are similar to the lower flows on the Steens Mountain

escarpment (reversed magnetic polarity). They are also similar to the flows just beneath

the CRBG along the southern margin of the Wallowa Mountains in north-east Oregon

and at Squaw Butte, north of Boise, Idaho; both localities are known to have reversed

magnetic polarity (Martin, 1984).

Upper Pole Creek Unit (UPC; e.g. KL-03,-82,-89,-319,-248,-164,-50).

Typically a plagioclase-phyric olivine basalt with 2-10% plagioclase phenocrysts (0.5-

1.5 cm long) in a medium grained intergranular to glassy matrix of plagioclase, olivine,

clinopyroxene and oxides. Ophitic textures are sometimes developed and large

interstitial opaque areas in some samples are probably devitrified glass. Fresh glass is
present in KL-82. The plagioclase phenocrysts have cores of An70 and may be normally

zoned to rims of albite (An5Ab67Or28). Typical plagioclase grains are normally zoned

from An64 to An40. The clinopyroxene is En27-42Wo35-45Fs16-31. Olivine is generally

altered to iddingsite but fresh olivine in KL-248 is zoned Fo63-60, while that in KL-319

is Fo74-70. Oxides include both ilmenite and titanomagnetite. This unit is chemically

similar to flows of Imnaha Basalt of the CRBG.

Birch Creek Unit (BC; e.g. KL-10,-34,-93,-220 ,-310-235,-249; BB-4, -5).

Essentially aphyric, intergranular, fine-grained flows, although some contain small

plagioclase phenocrysts and others are composed largely of devitrified glass with small

euhedral phenocrysts of plagioclase and olivine (altered to iddingsite). Feldspar is
plagioclase (An66-38) with occasional alkali feldspar (An3Ab20Or77). Clinopyroxene is

En37-48Wo29-38Fs19-28 with titanomagnetite and ilmenite. Petrographically and

chemically similar to the Grande Ronde Basalt flows of the Columbia River Basalt

Group.
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Hog Creek sequence (15.3 Ma; Lees, 1994)

Dinner Creek Ash-flow Tuff (KL-206,-246,-260; MF94-81; Green, R.C., Walker, G.W.,

Corcoran, R.E., 1972, Geological Map of the Burns quadrangle, OR. U.S.G.S. Misc.

Inves. Map I-680, scale 1:25,000).

A densely welded, red to grey, rhyolitic tuff, varying in thickness from approximately

20m near Westfall Butte in the north-west to 1m near Jones Butte. Where it is thicker,

the tuff displays yellow unwelded tops and bottoms up to 2 m thick. A full description
by Haddock (1967) notes rare phenocrysts of plagioclase (An30), anorthoclase, quartz

and clinopyroxene.

Hunter Creek Basalt (HC; HOR-02,-09, KL-269,-278,-100; Kittleman et al.,1965;

Green and others, 1972).

This has a characteristic outcrop of dark blocky scree which is readily recognizable

above the Dinner Creek Ash-flow Tuff in the Malheur Gorge-Juntura area. It has a very

fine-grained, inter-granular texture with many small areas of interstitial glass (76%
SiO2) and occasional slightly larger crystals of plagioclase. Plagioclase (An53-34)

occurs with some alkali feldspar (An13Ab69Or18); no olivine is present; clinopyroxene

(En34-52Wo10-40Fs17-59) occurs with pigeonite and the only oxide recognised is

titanomagnetite. The chemical composition of this flow cannot be distinguished from

the most siliceous uppermost flows of the Birch Creek unit, immediately below the

Dinner Creek Ash-flow Tuff.

Rhyolite of Cottonwood Mountain (KL-46,-97,-112,-230; Binger, 1997).

Originally mapped as a part of the petrographically similar Littlefield Rhyolite (Ferns et

al., 1993 a), the rhyolite of Cottonwood Mountain is now recognised as being older and

with a distinctive chemical composition (Ferns, M.L. and O'Brien, J.P.,1992,Geology

and Mineral Resources Map of the Namorf quadrangle, Malheur county, OR. Oreg.

Dept Geol. and Min. Ind., Geol. map series 74, scale 1:24,000; Binger, 1997). Outcrops

occur both below and above the Hunter Creek Basalt. At outcrop scale this rhyolite

shows large-scale (metric) banding, alternating between two types: (1) speckled,

devitrified, red-grey, flow-laminated bands (KL-97,-112); and (2) black hypohyaline to

vitrophyric bands (KL-46,-230). Both types contain partially resorbed plagioclase
(An25-38Ab57-67Or4-17), pale green pigeonite (En36-40Wo10-11Fs50-54) and

titanomagnetite phenocrysts, but only occasionally does the devitrified lithology contain

pyroxene crystals, whilst the vitrophyre consistently does. Phenocryst phases make up

about 5% of the rock. Individual flows are characterised by basal vitrophyres with

banded interiors, which are capped by autoclastic breccias made of vesiculated

vitrophyre (Ferns and others, 1993a).



2002014

3

Littlefield Rhyolite (HOR-10, KL-258,-276,-277; Kittleman et al., 1965).

A massive, dark grey rhyolite with red to purple alteration colours containing occasional
crystals of plagioclase (An14-20Ab71-78Or8), quartz, clinopyroxene (En1-5Wo41-44Fs51-

58), potassium feldspar, magnetite and rare fiamme and lithic fragments of obsidian

(KL-277) and granophyre.

 (Vesicles in both rhyolites have sharp terminations and lobate walls indicating that the

matrix is probably composed of super-welded glass shards. This implies that the

rhyolite was a high-temperature tuff rather than a lava-flow, and is consistent with its

considerable lateral extent of >50km.)

Tims Peak Basalt (13.5 Ma; KL-273, BB-80, LB-21; Kittleman et al. (1965)

These are a series of geographically distinct areas of primitive high-alumina olivine

basalts, often displaying a diktytaxitic texture in the field. All are petrographically

similar but each area can be distinguished by small chemical differences (Binger, 1997).

The flows lie unconformably on the basalt of Malheur Gorge and the Hog Creek

Sequence, post-dating the initial formation of the Oregon-Idaho graben. The lowest

flows of this unit at Stemler Ridge and Tims Peak comprise pillow basalts and

hyaloclastites.

basalt of Hat Top (KL-273, BB-80; Binger, 1997)
A network of plagioclase (An85-62) laths with smaller grains of olivine (Fo86-84) in

interstitial opaque glass (57% SiO2, 10% FeO* and Al2O3, 1.5% TiO2, and less than

2.0% K2O).

The Owyhee Basalt (14.4 Ma; KL-285; Brown and Petros 1985)

The basalts sampled are typically dense, dark grey, and aphyric, with rare feldspar

microphenocrysts. This is confirmed in the thin sections which generally show

intergranular, holocrystalline textures with variable microphenocryst contents of highly
altered clinopyroxenes  (En60-67Wo4-11Fs26-29), occasional iddingsitised subhedral

olivines, and small eroded plagioclase crystals (An53-96Ab3-45Or0.5-2). The matrix,

which is very fine-grained and felted, is composed of clinopyroxene, plagioclase and

magnetite. According to Brown & Petros (1985), these petrographic characteristics

identify the flows as belonging to the lower part of the sequence as the textures become

pilotaxitic up-section and olivine phenocrysts are absent at the top.

Keeney sequence (13.4-10 Ma; Lees, 1994)

A sequence of variable intermediate calc-alkaline rocks. Some have zoned plagioclase
phenocrysts (An62-35Ab36-60Or2-4 in 90BO75;. An49-57Ab41-48Or2-3, in KL-326). Both

clinopyroxene (En42-53Wo27-37Fs20-21) and orthopyroxene (En75Wo4Fs21) may be
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present with rare olivine (Fo78 in 90BO75; Fo69 in KL326) and titanomagnetite. Matrix

glass compositions vary from 78% SiO2 in KL-283 to 55% SiO2 in 90BO75.

basaltic andesite of Negro Rock (KL-92-326 and- 327)

These samples were collected from flows along the canyon to the north of Negro Rock.

The flows are black, with a microcrystalline matrix, 10% microphenocrysts, ~5%

vesicles, brown amygdales, and 1% altered olivines. Plagioclase and clinopyroxene

microphenocrysts appear to be floating in quenched glass.

Freezeout Mountain flows (90-BO-75; Lees, 1994)

The petrography of this rock is typically plagioclase-phyric. The basaltic-andesites have

25-30% small (2-5mm) plagioclase, 1-3% orthopyroxene, and ~2% olivine

microphenocrysts randomly orientated in a cryptocrystalline matrix, thereby earning the

rock the nickname of "oatmeal flow". In thin section the microphenocrysts can be seen

to be 'floating' in a semi-quenched glass which encloses crystallites of plagioclase,

pyroxene, and Fe-Ti oxide crystals.

basaltic-andesite of Vines Hill (KL-251,-26)

The flows are typically very thick (>10m), contain ramp structures, and are given to

doming - although this may indicate local vent-sites. At outcrop level the ramping flow

structures are visible as banding and platy fractures. Vesicles have become in-filled to

form amygdales, and are elongated parallel to the banding. In thin section the banding is

seen as a trachytic texture flowing around any phenocrysts present, although these are

rare and are generally of plagioclase (up to 10% in KL-91-26) and rare (~1%)

clinopyroxene.

basalt of Kern Top (KL-110; Lees, 1994)

This olivine basalt has so far only been found in one locality in the Cottonwood

Mountains. It appears to be a single flow, about 15 feet thick, characterised by rough

columnar jointing. In hand specimen the rock is porphyritic with 20% randomly-

orientated plagioclase crystals and 5% olivine and pyroxene phenocrysts in a

microcrystalline matrix. Thin sections reveal much more olivine (up to ~15%) as
microphenocrysts (Fo75), which together with a little clinopyroxene (2%;

En41Wo41Fs18) and plagioclase (An63-67Ab32-35Or1-1.5), form glomerocrysts set in an

intergranular matrix. The porphyritic nature of this rock distinguishes it from the other

olivine basalts of the sequence.
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Sourdough sequence (~ 8.0 Ma; KL-322,-288,-253; Lees, 1994)

This unit consists mostly of alkali-olivine basalts. These have olivine phenocrysts
(Fo78-50) and normally zoned plagioclase (An74-37) with both orthoclase and

anorthoclase in the groundmass (e.g. An1.5Ab50.8Or47.7 and An17-22Ab68-72Or10-11)

with clinopyroxene (En43-39Wo40-45Fs12-18), ilmenite and/or titanomagnetite.

basalt of Rock Spring (KL-321,-322,-323; Lees, 1994)

Two petrographic types are present: (1) a crumbly black, aphyric lower flow, and (2) an

upper more massive, dark grey, olivine-microphyric flow. The latter contains about 10%
olivine (Fo72) occurring as isolated phenocrysts, as small matrix crystals  (Fo58), and as

glomerocrysts with 2% plagioclases (An37-74Ab25-58Or1-5). The matrix of this rock

shows both intergranular and sub-ophitic textures (pyroxene: En41-43Wo44-45Fs13-15),

and is mostly holocrystalline.

Kivett sequence (1.8 Ma; KL-329,-238,-313,-60,-61,-67; Lees, 1994)

The Brogan Summit Flows

This complex of flows and accompanying vents outcrop at Brogan Summit, farther

north around the Malheur Reservoir, and west to Willow Creek Canyon. All the flows

contain feldspar xenocrysts (5mm-1cm) but there is considerable overall change in
composition from porphyritic olivine basalts with 15% olivine phenocrysts (Fo83) low

in the section (e.g. KL-92-238), to vesicular trachyandesites with 1-3% feldspar
phenocrysts (An61-65Ab32-34Or3) higher up (e.g. KL-92-313), with very sparse olivines

or olivine pseudomorphs (Fo60) and calcic clinopyroxenes (En21-40Wo63-45Fs16).

Kivett Reservoir Flows

Geographically, these flows lie east of, and are quite separate from, the Brogan Summit

complex of flows and vents. In hand specimen, the flows in the upper part of the section

are typically dark grey, very fine grained, and show small-scale (mm) platy jointing

marked by rust-coloured alteration, giving the rock a banded appearance (KL-91-67 to

69). Lower down-section the textures are denser with vesicular tops to flows (KL-91-

70/71) and rare feldspar microphenocrysts. In thin section all flows show trachytic

textures and hypohyaline matrices. The upper flows contain ~2% plagioclase and

clinopyroxene microphenocrysts, whilst the lower flows contain 5% glomerocrysts of

olivine, plagioclase, and clinopyroxene. Sample KL-91-71 also contains the unusual

array of plagioclases that are seen in the Brogan Summit flows.



Sample 40Ar/39Ar 38Ar/39Ar 37Ar/39Ar 36Ar/39Ar 39Ar 40Ar* % 40Ar*/39Ar Age (Ma) +- AGE (Ma) Age Type Year  Technique Lab. J value Standards
KL-91-1 (a 1.644 0.029 2.235 0.003 218.3 48.6 0.7983 15.3 1.6 15.5 ± 0.6 TGA 1991 LFrc OU 0.01070 MMHb1
KL-91-1 (b 1.277 0.029 3.101 0.002 128.5 61.2 0.7807 15.0 1.5 LFrc
KL-91-1 (c 1.580 0.035 3.125 0.003 281.1 52.6 0.8306 16.0 1.2 LFrc
KL-91-34 ( 1.167 0.033 0.928 0.001 666.2 63.4 0.7398 14.2 0.5 14.4 ± 0.4 TGA 1991 LFrc OU 0.01070 MMHb1
KL-91-34 ( 1.141 0.035 0.582 0.001 583.6 66.7 0.7612 14.6 0.5 LFrc
KL-91-46p  0.857 0.018 0.057 0.000 934.6 92.2 0.7904 15.2 0.3 15.5 ± 0.7 TGA 1991 LFpl OU 0.01070 MMHb1
KL-91-46p  0.924 0.018 0.063 0.000 1234.1 86.1 0.7950 15.3 0.3 LFrc
KL-91-49 1.715 0.037 2.467 0.003 337.3 51.6 0.8858 17.0 0.8 17.0 ± 0.8 TGA 1991 LFrc OU 0.01070 MMHb1
KL-91-60 ( 0.353 0.135 0.795 0.001 829.7 25.6 0.0904 1.7 0.3 1.7 ± 0.1 TGA 1991 LFrc OU 0.01070 MMHb1
KL-91-60 ( 0.441 0.128 0.897 0.001 453.6 19.5 0.0859 1.7 0.6 LFrc
KL-91-80 ( 2.345 0.045 2.694 0.005 110.5 39.6 0.9286 17.8 2.1 [18.1 ± 1.6] TGA 1991 LFrc OU 0.01070 MMHb1
KL-91-80 ( 1.561 0.043 1.309 0.002 516.2 60.9 0.9511 18.3 0.6 LFrc
KL-91-102 p  1.874 0.044 1.199 0.003 732.2 46.1 0.8637 16.6 0.6 [16.6 ± 0.2] TGA 1991 LFpl OU 0.01070 MMHb1
KL-91-102 p  1.078 0.041 1.739 0.001 66.8 79.1 0.8528 16.4 1.8 1991 LFrc OU 0.01070 MMHb1
KL-91-110  12.598 0.042 17.969 0.041 153.1 4.1 0.5153 9.9 2.6 10.3 ± 1.2 TGA 1991 LFpl OU 0.01070 MMHb1
KL-91-110 1.155 0.068 2.789 0.002 258.2 48.7 0.5622 10.8 1.6 LFrc
KL-91-110 1.185 0.072 3.175 0.002 206.1 45.6 0.5401 10.4 2.0 LFrc
KL-91-110  1.081 0.068 3.633 0.002 502.5 46.9 0.5071 9.8 1.2 LFrc
KL-91-164 2.259 0.041 2.379 0.005 292.0 37.5 0.8473 16.3 1.2 16.8 ± 0.3 TGA 1991 LFrc OU 0.01070 MMHb1
KL-91-164 2.344 0.035 4.941 0.005 46.0 39.4 0.9228 17.7 7.6 LFrc
KL-91-164 2.376 0.040 2.705 0.005 491.6 36.9 0.8773 16.9 0.4 LFrc
HOR-9 (a) 3.448 0.048 1.605 0.006 1.158224 49.3 1.7009 15.9 0.5 [15.8 ± 0.3] TGA 1992 LFrc OU 0.00522 MMHb1
HOR-9 (b) 3.310 0.052 1.736 0.006 0.417248 50.3 1.6657 15.6 0.7 LFrc
90-BO-75 ( 5.168 0.046 1.010 0.013 0.7256 25.8 1.3315 12.5 1.0 11.5 ± 2.0 TGA 1992 LFrc OU 0.00522 MMHb1
90-BO-75 ( 4.171 0.051 1.555 0.010 0.26663 26.8 1.1177 10.5 0.9 LFrc
KL-92-204 1.390 0.040 0.852 0.002 0.91803 65.0 0.9037 8.5 0.5 7.9 ± 1.1 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-204 1.439 0.044 0.679 0.002 0.714253 54.9 0.7896 7.4 0.5 LFrc
KL-92-206 1.710 0.061 0.038 0.000 1.528201 96.9 1.6562 15.5 0.2 15.4 ± 0.6 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-206 1.703 0.064 0.049 0.000 2.935934 94.5 1.6092 15.1 0.2 LFrc
KL-92-220 3.184 0.077 1.026 0.005 0.726152 49.8 1.5863 14.9 1.0 15.1 ± 0.3 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-220 4.048 0.045 2.355 0.008 0.309965 40.1 1.6214 15.2 0.6 LFrc
KL-92-230 3.728 0.024 0.092 0.007 0.494085 44.5 1.6579 15.5 0.5 14.6 ± 1.0 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-230 4.400 0.025 0.092 0.010 1.445928 34.5 1.5184 14.2 1.2 LFrc

KL_ age-isotope-data



KL-92-230   3.084 0.035 2.503 0.005 0.473033 49.0 1.5119 14.2 1.3 LFpl
KL-92-246  1.758 0.013 0.801 0.001 1.926612 85.0 1.4937 14.0 0.2 15.1 ± 2.0 TGA 1992 LFpl OU 0.00522 MMHb1
KL-92-246  1.825 0.035 0.658 0.000 1.990248 93.5 1.7058 16.0 0.2 LFpl
KL-92-248 5.387 0.068 4.415 0.012 0.227983 31.8 1.7145 16.1 1.7 16.6 ± 0.8 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-248 7.063 0.078 2.015 0.018 0.226302 25.6 1.8050 16.9 1.4 LFrc
KL-29-251 2.212 0.077 0.979 0.004 0.484269 53.0 1.1731 11.0 0.9 10.1 ± 1.4 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-251 1.851 0.079 1.206 0.003 0.494296 54.5 1.0090 9.5 1.0 LFrc
KL-92-273 7.043 0.075 4.492 0.019 0.149486 20.2 1.4245 13.4 3.6 13.4 ± 3.6 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-278 2.228 0.041 2.527 0.002 0.934203 76.1 1.6949 15.9 0.3 15.9 ± 0.1 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-278 19.297 0.048 4.005 0.059 0.112795 9.3 1.7890 16.8 3.1 LFrc
KL-92-293 2.478 0.056 1.538 0.004 0.463553 47.7 1.1813 11.1 0.6 10.4 ± 0.8 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-293 2.374 0.055 0.796 0.004 0.915134 44.2 1.0503 9.9 0.5 LFrc
KL-92-293  3.521 0.056 1.912 0.008 0.307371 31.1 1.0939 10.3 0.8 LFrc
KL-92-313 0.258 0.034 1.418 0.000 1.110766 83.8 0.2165 2.0 0.2 1.9 ± 0.3 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-313  0.447 0.022 3.260 0.001 0.107502 27.3 0.1220 1.1 2.6 LFpl
KL-92-313 0.268 0.024 1.004 0.000 0.668141 59.9 0.1605 1.5 0.4 LFrc
KL-92-319 4.445 0.072 3.213 0.009 0.150603 42.1 1.8729 17.6 2.1 15.2 ± 2.8 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-319 3.303 0.024 0.093 0.006 0.525821 47.0 1.5524 14.6 0.6 LFrc
KL-92-326 4.085 0.110 0.993 0.009 0.480719 32.3 1.3178 12.4 0.8 13.4 ± 0.8 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-326 3.423 0.105 1.152 0.007 0.737441 42.7 1.4617 13.7 0.4 LFrc
KL-92-326 17.847 0.051 3.755 0.056 0.106062 7.4 1.3151 12.3 2.7 LFrc
KL-92-329 0.370 0.052 0.941 0.000 0.427245 79.9 0.2958 2.8 0.8 0.8 ± 0.7 TGA 1992 LFrc OU 0.00522 MMHb1
KL-92-329 1.653 0.042 0.784 0.005 1.506311 4.4 0.0730 0.7 0.1 LFrc
kl-91-46p 1 2.883 0.014 1.252 0.004 4.213518 60.7 1.7492 14.8 0.6 15.7 ± 0.2 plateau 1996 LSH {9} OU 0.004706 TCR - 6
kl-91-46p 2 2.837 0.012 4.329 0.002 11.80586 75.9 2.1530 18.2 2.5
kl-91-46p 3 2.116 0.013 4.346 0.001 17.88543 81.9 1.7325 14.6 0.2
kl-91-46p 4 2.244 0.012 4.059 0.001 33.95389 84.2 1.8888 16.0 0.2
kl-91-46p 5 2.048 0.012 4.168 0.001 46.94237 91.4 1.8724 15.8 0.2
kl-91-46p 6 2.169 0.013 4.682 0.001 59.19261 86.4 1.8746 15.8 0.3
kl-91-46p 7 2.128 0.013 4.789 0.001 74.61778 85.7 1.8228 15.4 0.2
kl-91-46p 8 2.183 0.013 4.810 0.001 91.37491 83.2 1.8160 15.4 0.3
kl-91-46p 9 2.264 0.014 4.746 0.002 100 78.5 1.7771 15.0 0.6
kl-92-333p 7.475 0.018 20.796 0.017 12.50672 34.3 2.5629 21.6 2.4 15.8 ± 2.8 TGA 1996 LSH OU 0.004706 TCR - 6
kl-92-333p 3.241 0.015 20.643 0.005 19.52323 52.9 1.7131 14.5 3.4

KL_ age-isotope-data



kl-92-333p 3.670 0.013 24.979 0.007 22.05472 43.7 1.6045 13.6 8.2
kl-92-333p 3.603 0.016 24.091 0.006 36.6498 54.7 1.9721 16.7 1.1  
kl-92-333p 3.399 0.016 25.787 0.007 45.17383 41.7 1.4174 12.0 1.5  
kl-92-333p 3.289 0.016 27.710 0.004 55.45212 63.1 2.0748 17.5 2.8
kl-92-333p 2.948 0.017 29.942 0.004 84.91883 64.1 1.8908 16.0 0.8  
kl-92-333p 3.340 0.018 34.037 0.005 100 51.7 1.7260 14.6 2.1
mf-94-63r 3.671 0.016 0.127 0.014 26.26645 -9.5 -0.3505 -3.0 0.5 15.9 ± 0.2 TGA 1996 LSH OU 0.004706 TCR - 6
mf-94-63r 2.527 0.013 0.117 0.002 45.02644 76.0 1.9209 16.2 0.2
mf-94-63r 2.419 0.013 0.112 0.002 53.08537 79.5 1.9239 16.3 0.3
mf-94-63r 2.551 0.013 0.111 0.002 57.16088 76.3 1.9457 16.4 0.4  
mf-94-63r 2.499 0.013 0.097 0.002 70.38699 72.5 1.8129 15.3 0.2
mf-94-63r 2.163 0.013 0.114 0.001 80.58877 87.4 1.8914 16.0 0.3
mf-94-63r 2.515 0.013 0.100 0.001 82.78433 83.6 2.1033 17.8 0.9
mf-94-63r 2.298 0.013 0.096 0.002 97.0477 79.9 1.8374 15.5 0.2  
mf-94-63r 2.586 0.013 0.099 0.002 100 73.0 1.8892 16.0 0.5
KL-92-276 1.842 0.007 0.058 0.001 1.9 27.5 1.4565 16.4 0.4 [16.6 ± 0.1] plateau 1998 LSH OU GA1550
KL-92-276 1.562 0.008 0.060 0.000 14.3 176.5 1.4641 16.5 0.1
KL-92-276 1.584 0.007 0.065 0.000 35.0 307.8 1.5293 17.2 0.1
KL-92-276 1.504 0.008 0.141 0.000 56.2 298.7 1.4519 16.4 0.1
KL-92-276 1.553 0.008 0.085 0.000 65.3 125.5 1.4190 16.0 0.1
KL-92-276 1.593 0.008 0.075 0.000 74.5 132.3 1.4767 16.7 0.1
KL-92-276 1.596 0.008 0.061 0.000 84.1 138.9 1.4898 16.8 0.1
KL-92-276 1.608 0.008 0.075 0.000 100.0 228.8 1.4745 16.6 0.1
MP-28 1 4.527 0.004 1.332 0.002 1.4 3.9 1.4462 16.3 5.7 13.9 ± 0.2 plateau 1998 LSH OU GA1550
MP-28 2 2.317 0.005 1.590 0.001 9.1 18.9 1.3344 15.1 1.1
MP-28 3 1.886 0.007 1.739 0.001 18.4 23.5 1.3668 15.4 0.9
MP-28 4 1.706 0.007 1.300 0.001 28.6 24.6 1.2932 14.6 0.8
MP-28 5 1.865 0.007 1.281 0.001 44.0 35.5 1.2462 14.1 0.5
MP-28 6 2.378 0.006 1.341 0.002 55.4 23.9 1.1339 12.8 0.7
MP-28 7 2.797 0.005 1.501 0.002 66.4 27.8 1.3620 15.4 0.8
MP-28 8 3.057 0.005 1.663 0.002 78.5 28.7 1.2772 14.4 0.7
MP-28 9 3.409 0.004 1.850 0.002 100.0 45.1 1.1334 12.8 0.4
MP-50 1 3.608 0.004 0.575 0.002 5.0 5.9 1.1390 12.7 1.0 11.5 ± 0.4 plateau 1998 LSH OU GA1550
MP-50 2 2.783 0.005 0.660 0.002 14.2 14.5 1.4251 16.0 0.5

KL_ age-isotope-data



MP-50 3 3.078 0.004 0.529 0.003 17.6 2.7 0.7318 8.1 4.0
MP-50 4 1.954 0.007 1.084 0.002 47.1 32.2 0.9932 11.1 0.5
MP-50 5 1.593 0.008 1.089 0.001 64.0 21.0 1.1309 12.7 0.9
MP-50 6 1.581 0.009 1.210 0.001 72.0 10.3 1.1639 13.1 1.7
MP-50 7 1.741 0.008 2.000 0.002 82.0 10.4 0.9429 10.6 1.3
MP-50 8 1.664 0.008 2.134 0.000 88.7 12.8 1.7332 19.5 2.0
MP-50 9 1.553 0.008 2.550 0.001 93.1 5.7 1.1811 13.3 3.0
MP-50 10 1.587 0.007 2.948 0.001 97.2 4.7 1.0175 11.4 3.2
MP-50 11 1.612 0.008 3.395 0.003 100.0 0.9 0.2927 3.2 5.2
SC-54pl 1 1.732 0.007 0.029 0.000 3.0 11.9 1.5897 17.9 2.3 [15.9 ± 0.2] plateau 1998 LSH OU GA1550
SC-54pl 2 1.580 0.007 0.103 0.000 6.7 13.2 1.4374 16.2 1.8
SC-54pl 3 1.534 0.008 0.073 0.000 17.6 39.1 1.4451 16.3 0.6
SC-54pl 4 1.574 0.008 0.109 0.001 23.3 18.7 1.3356 15.1 1.2
SC-54pl 5 1.547 0.008 0.130 0.000 32.9 32.6 1.3631 15.4 0.7
SC-54pl 6 1.545 0.008 0.147 0.000 41.2 31.6 1.5322 17.3 0.8
SC-54pl 7 1.643 0.007 0.154 0.000 48.4 25.7 1.4448 16.3 1.0
SC-54pl 8 1.399 0.010 0.165 0.000 55.6 24.4 1.3674 15.4 1.0
SC-54pl 9 1.447 0.009 0.174 0.000 98.0 147.2 1.4017 15.8 0.2
SC-54pl 10 1.466 0.009 0.255 0.001 100.0 4.7 0.9217 10.4 3.4
SK-78 1 3.085 0.005 1.486 0.002 1.4 3.0 0.9913 11.2 4.8 15.4 ± 0.2 plateau 1998 LSH OU GA1550
SK-78 2 2.105 0.006 1.597 0.001 3.2 5.2 1.3415 15.2 3.7
SK-78 3 2.035 0.006 1.864 0.001 9.9 18.3 1.2619 14.3 1.0
SK-78 4 1.773 0.007 1.638 0.001 25.5 43.2 1.2831 14.5 0.4
SK-78 5 1.878 0.007 2.705 0.001 42.3 51.2 1.4077 15.9 0.4
SK-78 6 2.183 0.006 3.841 0.001 60.2 53.9 1.3891 15.7 0.4
SK-78 7 2.536 0.006 3.415 0.002 73.9 38.9 1.3145 14.9 0.5
SK-78 8 2.609 0.005 4.421 0.002 88.9 45.1 1.3911 15.7 0.5
SK-78 9 2.485 0.006 5.007 0.002 100.0 32.8 1.3617 15.4 0.6

KL_ age-isotope-data
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VALE PROJECT ANALYSES

Lower Pole Creek

North (Brogan) Area Juntura Dixie Creek Jones Butte

Sample KL049 KL080 KL086 KL114 KL224 KL247 KL248 KL259 KL262 KL263 KL264 KL319 KL333* KL334 BB20 BB21 BB51 BB52 BB55 BB56 BB57

 SiO2  50.15 50.40 48.63 50.59 50.34 50.82 50.58 50.46 49.74 50.50 49.37 50.71 50.07 49.93 50.28 50.18 49.37 49.24 49.26 49.78 48.93 
 Al2O3 17.80 15.51 15.99 15.74 17.15 15.45 15.32 17.80 16.55 17.57 16.55 15.50 16.37 16.96 16.98 17.18 17.37 17.92 16.45 16.08 16.92 
 TiO2  1.343 1.803 †2.86 1.822 1.33 1.78 1.79 1.27 1.84 1.61 1.34 1.84 2.16 1.91 1.423 1.783 1.733 2.134 1.202 1.873 1.497
 FeO* 10.08 11.80 12.88 11.47 10.00 11.30 11.74 9.95 11.70 9.95 10.75 11.49 11.70 11.18 9.96 10.96 11.20 12.35 10.52 10.83 10.46 
 MnO   0.127 0.190 0.171 0.187 0.18 0.19 0.19 0.14 0.20 0.22 0.18 0.19 0.17 0.15 0.172 0.183 0.170 0.189 0.174 0.185 0.167
 CaO   11.23 9.79 8.37 9.74 10.68 9.75 10.25 11.02 9.52 11.25 10.39 9.78 9.16 9.29 10.27 9.47 9.91 9.78 10.95 10.03 9.97 
 MgO   6.16 6.20 6.31 6.01 7.08 6.38 5.82 6.31 6.38 5.03 7.58 6.27 5.95 6.32 7.41 6.28 5.97 3.83 8.04 7.18 8.44 
 K2O   0.25 0.85 1.01 0.70 0.37 0.85 0.77 0.16 0.84 1.33 1.18 0.74 0.80 0.72 0.90 0.81 0.55 0.66 0.56 0.65 0.45 
 Na2O  2.72 3.20 3.35 3.48 2.72 3.23 3.27 2.73 2.95 2.30 2.50 3.19 3.33 3.29 2.44 2.88 3.43 3.57 2.65 3.08 2.95 
 P2O5  0.149 0.251 0.434 0.253 0.16 0.25 0.26 0.16 0.29 0.22 0.17 0.26 0.30 0.25 0.175 0.274 0.308 0.342 0.194 0.309 0.223
 Ni    95  65  107  63  102  66  61  99  78  70  104  61  98  119  107  77  112  53  162  112  198  
 Cr    159  100  103  103  155  102  99  146  131  113  150  104  104  98  157  133  92  44  352  94  110  
 Sc 38  42  29  39  35  37  36  30  34  28  31  42  32  27  34  32  33  36  33  29  31  
 V     281  333  230  351  263  338  331  244  302  172  267  348  268  245  295  320  324  328  271  305  285  
 Ba 115  274  376  262  118  266  261  111  250  255  143  268  299  262  159  265  256  234  198  254  168  
 Rb 4  15  24  8  4  15  15  4  32  25  34  15  17  13  37  33  7  9  5  5  5  
 Sr 349  384  379  389  303  376  388  336  315  347  352  385  402  419  302  325  467  422  389  434  454  
 Zr 97  131  214  133  91  128  130  90  130  122  94  132  159  142  95  127  119  142  94  124  96  
 Y 21  29  34  30  24  31  30  21  31  28  23  32  32  28  25  31  28  34  21  28  22  
 Nb 4.7 9.7 22.0 8.1 6.8 9.4 8.0 6.3 9.4 8.4 6.2 8.3 13.0 11.1 7.2 9.0 8.0 10.9 4.7 8.1 6.4
 Ga 19  21  25  20  15  23  17  14  19  20  17  15  21  21  20  23  20  24  19  20  20  
 Cu 113  †166  †272  †204  134  †162  †174  92  146  †161  118  †170  72  98  109  147  127  †180  138  145  110  
 Zn 79  100  †124  102  82  98  102  †72  99  †128  †123  101  108  100  79  89  95  103  69  95  83  
 Pb 0  2  2  2  1  2  1  0  1  0  0  1  4  0  1  0  0  2  0  0  0  
 La 6  17  24  18  0  20  17  7  14  0  8  0  19  13  5  20  19  17  0  11  12  
 Ce 12  21  53  20  21  38  24  14  28  16  32  33  35  22  24  20  31  23  26  38  24  
 Th 0  1  3  2  1  1  1  0  3  0  4  3  2  0  0  3  0  0  0  1  0  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Lower Pole Creek

BB58 BB59 BB60 BB61 BB62 BB63 BB64 BB66 BB67 BB68 BB69 BB70 BB71 BB72 BB74 BB75 BB76 BB77 BB78 BB79 BB104

48.77 49.31 50.99 49.56 48.85 49.54 49.14 48.71 49.03 49.37 49.50 50.68 49.74 49.88 49.20 49.88 49.00 49.21 49.74 48.66 48.97 
17.21 16.79 16.42 16.67 16.94 16.62 16.93 16.75 16.55 16.81 16.95 16.61 17.36 16.73 16.88 16.65 17.47 16.47 15.37 16.73 15.89 
1.527 1.546 1.406 1.531 1.406 1.535 1.531 2.179 1.926 1.807 1.710 1.593 1.746 1.702 1.665 1.615 1.391 1.664 2.249 1.755 2.039

10.91 10.74 9.91 10.36 11.07 10.63 10.35 13.13 11.50 11.73 11.45 10.18 10.99 10.63 11.10 11.37 10.44 11.10 12.14 11.67 10.85 
0.161 0.178 0.162 0.175 0.181 0.177 0.174 0.199 0.195 0.186 0.180 0.174 0.167 0.178 0.184 0.179 0.167 0.180 0.205 0.180 0.191
9.99 10.05 9.79 10.13 9.78 10.20 10.25 9.76 9.83 9.67 9.64 9.56 9.83 9.82 10.10 9.85 10.42 10.00 9.57 10.02 10.32 
7.86 7.71 7.34 7.97 8.27 7.63 7.85 4.98 6.75 6.25 6.35 6.95 6.03 6.84 7.01 6.20 7.65 7.62 6.35 7.19 7.82 
0.44 0.47 0.78 0.43 0.38 0.33 0.36 0.57 0.54 0.64 0.65 0.96 0.61 0.65 0.53 0.84 0.32 0.49 0.69 0.44 0.71 
2.91 2.99 2.95 2.98 2.90 3.10 3.21 3.45 3.39 3.25 3.30 3.01 3.26 3.29 3.06 3.12 2.95 3.01 3.35 3.08 2.81 

0.225 0.216 0.250 0.200 0.220 0.240 0.212 0.278 0.291 0.291 0.286 0.275 0.277 0.288 0.273 0.307 0.174 0.255 0.343 0.284 0.397
181  160  143  170  152  133  149  48  93  106  100  119  101  108  123  87  148  129  89  132  91  
108  79  203  162  129  118  66  44  92  109  105  170  94  112  118  115  87  133  151  109  215  
30  29  30  34  30  34  33  31  35  27  28  29  26  32  30  28  31  30  36  32  36  

273  275  267  296  276  305  289  323  330  291  289  268  298  298  269  250  279  275  360  301  275  
167  182  324  160  145  141  153  245  212  250  234  264  224  221  237  256  123  188  256  195  515  

3  4  10  3  3  4  3  6  7  9  9  16  9  10  8  12  4  5  10  5  8  
442  413  416  415  379  389  402  408  383  406  406  382  439  409  422  460  398  397  382  433  238  
98  103  119  98  94  101  100  146  128  133  128  126  120  121  115  119  89  114  145  116  166  
22  23  23  22  23  25  23  33  29  28  28  26  26  27  27  27  21  27  36  28  34  
7.2 8.1 7.6 7.4 5.8 7.4 7.4 11.4 9.4 8.7 9.4 10.6 8.0 9.1 7.8 9.5 5.7 8.4 11.3 6.7 14.4
22  16  17  19  22  20  19  20  21  22  19  21  21  18  12  18  16  16  24  20  20  

131  91  114  110  106  136  126  †239  147  †163  136  126  125  122  99  121  85  100  †167  133  59  
83  87  81  88  89  89  85  108  102  98  93  87  88  94  91  89  79  93  109  97  89  
0  0  2  4  0  1  1  0  3  4  4  2  1  5  0  0  0  2  1  1  2  
3  1  10  8  11  1  6  3  3  14  8  0  0  6  7  6  16  0  6  9  15  

23  38  19  4  26  11  22  36  27  28  39  39  20  27  42  30  25  22  17  30  32  
1  0  0  1  1  1  1  0  3  1  0  1  0  3  1  0  1  2  0  0  1  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES VALE PROJECT ANALYSES

Lower Pole Creek Upper Pole Creek
Imnaha Basalt Type

Juntura Ind Hd Mt Narmof

MP144 MP145 MP146 MP147 MP148 AXB704 SK48 BB37 HOR04 HOR05 MF9433 MF9434 KL001* KL002 KL003 KL04 KL05 KL06 KL50 KL51

50.49 49.95 50.37 50.33 50.12 50.44 49.35 50.95 52.28 52.11 52.77 52.25 52.77 52.13 52.48 51.69 50.27 51.43 51.02 52.26 
16.53 15.96 17.06 16.98 15.90 17.27 14.78 18.33 16.01 15.78 14.65 14.78 13.80 15.30 15.02 15.57 16.19 13.36 15.10 13.91 
1.453 2.247 2.191 1.605 1.450 1.778 †2.68 1.260 2.047 2.059 1.768 1.890 2.515 1.762 2.037 †2.65 2.217 †2.96 1.899 2.217

10.37 12.29 11.33 10.22 11.07 10.37 13.99 8.98 11.14 11.59 10.64 11.13 13.45 10.89 11.24 11.66 11.83 14.58 11.85 13.15 
0.179 0.238 0.170 0.167 0.179 0.166 0.228 0.136 0.200 0.193 0.185 0.183 0.228 0.168 0.220 0.161 0.153 0.235 0.175 0.219

10.19 9.85 10.23 10.55 10.35 9.99 9.89 11.08 8.50 8.30 9.68 9.27 8.38 10.06 9.77 9.52 9.20 8.87 9.92 8.80 
7.16 5.16 4.43 6.44 7.32 5.70 5.13 6.43 4.25 4.38 5.91 5.77 3.98 5.31 4.77 4.35 5.91 4.07 6.48 4.82 
0.41 0.79 0.68 0.44 0.54 0.69 0.56 0.14 1.34 1.40 0.82 0.97 1.07 0.84 0.79 0.80 0.78 0.87 0.39 1.11 
3.01 3.18 3.22 3.04 2.88 3.31 3.01 2.54 3.79 3.74 3.31 3.43 3.40 3.28 3.34 3.21 3.15 3.18 2.90 3.20 
0.211 0.331 0.318 0.220 0.195 0.273 0.397 0.148 0.437 0.446 0.268 0.318 0.429 0.256 0.340 0.383 0.291 0.435 0.267 0.315
104  63  47  87  89  75  47  92  34  31  44  37  5  59  32  63  102  20  57  19  
157  104  122  181  153  117  156  159  40  44  149  142  22  144  142  104  108  50  132  58  
33  36  32  32  34  33  40  34  31  30  40  40  39  36  47  32  31  41  36  40  

290  386  325  291  289  281  387  272  326  336  356  313  350  327  317  293  278  415  329  435  
206  297  249  186  164  286  310  83  542  546  392  400  430  335  440  415  288  434  258  414  

6  12  11  7  9  12  9  3  23  26  16  17  16  17  16  8  14  17  7  34  
391  356  367  368  324  359  315  335  430  429  401  382  274  392  397  395  392  301  315  306  
101  155  155  115  106  131  186  91  179  183  134  145  210  129  153  197  159  225  141  167  
26  40  39  28  26  28  †47  22  33  37  32  32  43  28  32  34  30  †46  32  36  
5.7 9.7 10.1 6.5 6.5 10.0 12.5 5.0 12.8 12.6 7.5 7.6 16.2 7.5 9.7 15.7 11.6 19.2 11.6 11.8

21  22  25  20  20  23  21  19  21  22  21  23  20  20  23  24  22  21  21  22  
68  †159  †155  117  104  142  †257  104  125  †159  †153  131  129  †162  123  77  116  148  128  †168  
86  110  100  87  86  93  †124  77  113  113  96  100  †131  95  111  †121  111  †139  108  117  
3  0  0  0  1  2  4  0  8  3  4  5  0  1  6  0  1  2  1  1  
8  4  0  2  4  27  8  17  13  2  6  23  25  15  15  5  14  16  8  19  

22  41  39  18  34  23  47  8  45  52  36  42  51  41  44  44  50  68  51  55  
1  3  1  2  2  2  0  1  4  3  1  2  4  3  2  6  0  5  3  1  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Upper Pole Creek
Imnaha Basalt Type

North

KL52 KL72 KL73 KL74 KL75 KL76 KL77 KL78 KL81 KL82 KL87 KL88 KL89* KL162 KL163 KL164* KL165 KL166 KL167 KL207 KL208

51.46 51.50 51.51 51.09 51.75 52.44 51.86 52.07 51.20 53.28 52.41 52.05 52.23 51.72 51.92 51.95 52.19 52.24 52.19 51.11 52.10 
15.31 14.70 15.26 15.08 15.09 15.73 15.41 15.66 15.87 15.29 15.66 14.70 14.86 15.24 14.88 15.34 15.38 14.77 14.68 15.43 15.08 
1.946 1.858 1.940 1.916 1.894 1.985 1.956 1.996 1.825 2.082 1.711 1.796 1.803 1.685 2.097 1.859 1.880 2.078 2.069 2.55 2.01 

11.14 12.41 11.75 12.23 11.70 10.41 12.07 10.23 11.04 7.92 10.00 11.52 11.84 11.02 11.56 11.37 11.15 11.56 11.66 12.24 12.08 
0.176 0.173 0.234 †0.25 0.199 0.237 †0.26 †0.28 0.176 0.208 0.145 0.162 0.139 0.198 0.187 0.183 0.191 0.175 0.184 0.16 0.16 
9.28 9.86 10.45 10.68 10.26 10.70 10.20 10.69 9.97 12.00 10.02 9.57 10.02 9.79 8.94 9.10 8.93 8.95 8.88 9.73 9.90 
6.08 5.22 4.62 4.44 4.72 4.24 3.98 4.51 5.55 4.62 5.76 5.61 4.99 5.96 5.31 5.37 5.26 5.16 5.31 4.51 4.13 
0.98 0.78 0.76 0.76 0.80 0.64 0.65 0.81 0.74 0.88 0.66 0.82 0.75 0.84 1.09 0.98 1.03 1.18 1.14 0.78 0.90 
3.32 3.23 3.20 3.26 3.30 3.33 3.33 3.43 3.37 3.44 3.39 3.49 3.12 3.32 3.61 3.56 3.68 3.53 3.54 3.14 3.27 

0.307 0.274 0.285 0.287 0.280 0.294 0.291 0.301 0.257 0.275 0.246 0.265 0.256 0.231 0.394 0.290 0.304 0.356 0.346 0.36 0.36 
55  41  32  35  38  37  34  35  58  32  57  44  45  55  40  45  44  37  37  73  33  

151  120  122  123  129  130  124  124  103  99  173  144  142  139  142  142  135  141  137  103  144  
31  42  46  46  46  43  45  42  40  46  44  43  41  46  36  36  37  40  39  32  38  

293  344  344  329  335  357  355  359  345  409  322  359  337  326  325  313  314  314  327  270  306  
366  330  315  325  290  300  314  420  346  408  311  385  339  421  479  468  445  725  505  381  421  
21  12  16  15  16  11  9  14  17  14  7  9  18  15  20  21  19  25  24  14  18  

374  335  345  340  330  355  348  357  403  430  403  397  410  423  410  419  407  412  411  401  415  
147  140  144  142  141  147  147  147  135  144  128  135  132  126  156  142  145  160  157  191  153  
30  32  32  32  32  33  34  34  28  35  29  29  27  37  33  31  31  36  32  37  35  

12.9 9.6 10.3 11.3 9.5 11.6 11.1 10.7 7.1 10.5 6.8 8.0 9.8 7.3 10.2 8.4 8.4 11.0 9.3 14.5 9.2
21  19  23  21  19  22  20  21  22  22  24  19  19  19  21  22  21  18  19  24  19  

144  134  142  136  133  144  143  139  †157  †182  109  148  136  †159  121  99  146  †162  98  111  118  
104  105  111  106  106  110  113  117  101  107  94  99  94  100  107  100  99  105  105  108  102  

2  0  0  2  2  1  0  1  1  4  0  0  1  2  2  0  2  2  3  0  3  
0  13  3  9  0  5  17  12  16  14  0  23  20  9  5  21  12  21  18  20  15  

43  30  21  19  39  37  44  39  24  36  23  24  32  29  41  25  37  49  21  57  45  
3  3  2  7  3  2  0  3  1  4  1  2  1  1  3  4  3  3  4  3  4  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Upper Pole Creek
Imnaha Basalt Type

Black Canyon (east)

KL209* KL278* KL332 AL124 BB 1 BB 7 BB10 BB11 BB12 BB13 BB14 BB15 BB16 BB17 BB18 BB19 BB22 BB24 BB25 BB26 BB28

52.28 53.25 52.02 52.91 52.13 52.37 52.62 52.32 52.37 51.63 51.80 52.50 51.49 51.89 52.28 52.30 51.07 53.57 52.85 52.75 51.97 
13.38 13.73 13.69 15.47 15.54 15.16 15.27 15.14 15.01 15.70 15.43 15.70 15.80 15.43 15.39 15.22 16.13 15.58 15.72 14.90 15.58 
†2.68 2.33 †2.66 1.811 1.860 1.803 1.941 1.936 2.110 1.931 1.591 1.816 1.826 1.617 1.700 2.181 1.987 1.805 1.912 2.071 1.898
13.48 12.83 13.38 10.32 10.86 11.24 10.75 11.17 11.18 10.85 10.58 11.19 11.89 10.54 10.54 11.40 11.06 10.40 10.13 10.78 10.61 
†0.27 †0.25 0.22 0.215 0.171 0.178 0.168 0.163 0.165 0.183 0.186 0.159 0.196 0.179 0.176 0.174 0.179 0.177 0.188 0.182 0.177
8.70 8.18 8.99 9.41 9.15 9.33 9.06 9.12 9.39 9.64 9.89 8.46 8.19 9.65 9.62 9.38 9.44 9.49 9.46 9.14 9.47 
4.40 4.28 4.52 5.34 5.73 5.64 5.37 5.53 5.43 5.85 6.57 5.48 8.04 6.64 6.09 5.05 5.86 4.52 5.45 5.56 6.04 
1.16 1.35 0.72 0.89 0.97 0.83 1.08 1.01 0.95 0.95 0.76 1.97 1.05 0.76 0.81 0.83 0.71 0.92 0.88 1.03 0.94 
3.20 3.47 3.39 3.35 3.28 3.18 3.40 3.28 3.04 2.95 2.96 2.44 1.23 3.06 3.13 3.09 3.24 3.27 3.10 3.23 3.00 
0.46 0.35 0.41 0.284 0.306 0.271 0.323 0.316 0.361 0.308 0.234 0.279 0.291 0.235 0.251 0.383 0.331 0.276 0.314 0.354 0.308
24  14  17  41  49  47  44  41  40  62  62  66  66  65  56  33  77  49  42  41  57  
45  37  49  106  140  100  132  135  143  160  149  96  94  154  137  95  107  103  144  141  160  
38  37  45  40  34  34  36  39  36  33  39  34  36  38  39  34  34  36  38  35  35  

409  411  364  343  300  325  316  314  314  289  304  337  324  313  346  329  318  337  320  339  306  
434  468  396  481  415  406  454  445  453  331  307  298  296  307  327  434  275  397  391  469  318  
26  35  17  20  21  11  24  19  22  23  15  22  38  15  17  11  11  17  22  24  20  

320  300  298  405  387  393  384  387  405  386  398  567  529  378  374  370  370  414  404  400  386  
209  183  211  133  140  130  148  148  161  144  119  141  136  120  124  176  149  133  144  157  140  
†49  41  †45  31  30  31  32  33  34  31  29  32  31  28  30  38  35  30  33  33  31  
16.7 14.2 17.0 8.1 10.9 9.0 10.0 11.0 12.0 12.0 8.0 10.0 11.0 8.0 9.0 16.0 9.0 9.0 9.0 11.0 9.0
23  20  20  21  20  21  21  20  22  19  20  22  19  20  20  22  22  23  21  22  25  

105  †179  109  63  113  101  97  113  †151  141  146  †166  †167  131  †152  120  †164  111  110  120  102  
†137  †119  †126  100  99  102  101  97  104  101  89  99  96  90  92  116  101  93  98  107  100  

3  5  4  6  1  1  1  4  5  4  0  0  0  2  2  4  0  4  3  4  4  
18  6  26  17  3  9  6  14  15  12  22  18  12  8  12  20  12  12  10  0  5  
67  31  42  45  29  30  23  31  40  46  15  27  39  37  13  54  43  18  41  19  31  

2  4  4  3  2  1  3  2  1  2  1  3  0  2  2  2  2  2  4  3  4  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Upper Pole Creek
Imnaha Basalt Type

BB29 BB30 BB31 BB32 BB33 BB34 BB35 BB36 BB44 BB54 BB149 AXB703 AXB713 JJ73 JJ74 JJ75 JJ76 JJ80A

52.96 52.92 53.22 52.69 54.87 52.12 52.86 51.87 52.80 52.80 52.02 52.62 52.27 52.95 52.27 52.55 52.68 52.97 
14.83 15.21 15.31 15.06 15.62 15.75 13.98 15.38 15.50 15.47 17.19 15.54 14.68 15.70 15.07 15.15 14.90 14.98 
1.976 1.778 1.667 1.859 1.898 1.920 2.211 1.937 1.821 2.126 1.776 2.044 2.085 1.807 1.947 1.956 1.816 1.832

10.98 10.38 9.90 11.05 9.63 10.40 12.87 10.95 10.60 11.49 10.18 10.04 11.64 9.56 10.76 10.23 10.38 10.05 
0.162 0.182 0.196 0.149 0.139 0.160 0.220 0.162 0.174 0.189 0.157 0.148 0.227 0.153 0.192 0.189 0.230 0.238
8.87 9.84 9.95 9.60 8.61 9.18 8.60 9.97 9.46 8.05 9.99 9.70 9.54 9.84 9.36 9.24 9.71 9.80 
5.45 5.30 5.37 5.20 4.57 6.09 4.90 6.04 5.36 4.37 4.44 5.02 4.93 5.74 5.72 5.76 5.60 5.49 
1.08 0.74 0.87 0.81 1.32 0.91 0.98 0.55 0.75 1.70 0.84 1.05 1.03 0.69 0.89 1.03 0.98 0.97 
3.36 3.39 3.27 3.32 3.04 3.17 3.05 2.87 3.26 3.35 3.17 3.52 3.25 3.28 3.46 3.57 3.42 3.40 
0.329 0.255 0.244 0.267 0.320 0.299 0.320 0.282 0.276 0.452 0.245 0.322 0.352 0.277 0.321 0.327 0.282 0.279

32  49  47  45  40  59  22  59  47  37  43  40  41  49  36  43  36  37  
140  163  171  149  138  163  52  140  103  40  98  154  140  114  155  148  159  160  
36  39  42  42  32  32  40  40  35  31  35  37  31  26  33  30  32  30  

358  349  346  364  285  310  454  337  345  300  318  336  320  350  339  332  346  367  
426  359  359  398  477  356  407  283  406  614  329  433  486  401  432  450  427  431  

24  10  19  9  32  20  28  10  14  33  17  24  22  11  15  20  17  17  
363  408  397  397  393  377  299  311  409  404  345  376  403  412  373  361  401  409  
149  131  124  137  160  144  168  143  135  192  135  143  156  128  142  142  134  135  
34  30  29  32  34  30  39  34  30  40  31  30  32  29  33  32  31  32  
10.0 7.0 6.0 7.0 10.0 9.0 12.0 9.0 8.0 14.5 8.6 9.9 9.8 7.1 9.2 8.2 7.4 8.1
21  22  24  21  23  23  19  22  20  24  23  23  22  18  26  21  23  22  

131  132  148  101  118  108  94  129  85  †163  138  131  142  111  127  131  148  †150  
103  94  88  93  98  93  116  100  96  111  90  99  106  98  99  102  98  96  

3  3  5  5  5  4  4  3  2  4  0  0  5  2  1  4  0  6  
19  15  3  4  19  9  19  8  28  18  9  17  18  
32  26  21  25  45  33  45  20  24  41  42  32  32  

1  4  3  5  7  3  5  0  3  3  3  2  2  2  3  3  0  2  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Birch Creek
Grande Ronde Basalt Type

KL07 KL08 KL09 KL10 KL34* KL35 KL37 KL39 KL54 KL91 KL92 KL93 KL94 KL95 KL96 KL210 KL211 KL212 KL213 KL214 KL215

53.83 55.23 54.76 55.26 55.66 55.57 55.12 55.72 55.39 53.64 55.61 55.48 53.59 56.34 53.76 55.29 59.03 55.94 55.34 57.58 58.63 
13.79 13.54 13.87 13.77 14.03 14.01 13.83 13.54 13.70 14.34 13.62 13.54 14.03 13.99 13.68 13.72 13.15 13.54 14.03 13.42 13.13 
2.616 2.567 2.480 2.148 2.105 2.199 2.199 †2.64 †2.71 †2.66 2.413 2.522 2.591 2.499 2.472 2.64 2.51 2.11 2.13 2.21 2.54 

12.64 12.64 12.45 12.58 11.94 11.99 12.45 12.18 12.07 11.96 12.40 12.30 12.63 11.75 13.09 11.67 10.88 12.01 11.52 11.29 10.99 
†0.28 0.195 0.199 †0.24 0.222 0.214 0.189 †0.26 0.175 0.226 0.175 0.169 0.188 0.185 0.223 0.18 0.16 0.22 0.21 0.23 0.15 
7.94 7.43 7.74 6.80 7.82 7.86 7.96 7.52 7.52 8.03 6.56 7.29 7.95 6.36 7.65 7.91 6.24 7.18 7.84 6.50 6.57 
4.10 3.06 3.25 3.64 3.81 3.60 3.85 3.47 2.90 3.98 3.32 3.11 3.98 2.80 3.86 3.40 2.54 3.54 3.77 2.90 2.60 
1.30 1.59 1.43 1.63 0.88 0.87 0.81 0.90 1.82 1.31 1.78 1.81 1.29 1.86 1.57 1.63 2.10 1.53 1.41 1.92 1.91 
3.08 3.30 3.41 3.57 3.18 3.33 3.27 3.30 3.30 3.44 3.72 3.34 3.35 3.82 3.29 3.13 2.86 3.55 3.42 3.47 2.99 

0.417 0.455 0.407 0.367 0.345 0.354 0.328 0.467 0.422 0.406 0.395 0.451 0.406 0.401 0.407 0.44 0.52 0.36 0.34 0.48 0.50 
6  12  12  3  2  3  2  0  12  10  2  14  5  0  5  7  2  4  5  0  1  

24  19  22  11  21  16  24  14  22  26  14  25  27  11  20  22  9  15  19  6  8  
34  32  43  37  35  30  33  33  34  38  41  35  38  35  35  32  28  34  30  27  24  

343  369  356  381  359  374  412  301  368  357  353  362  360  348  †484  390  226  372  373  277  231  
529  643  604  593  654  667  607  735  640  541  632  624  708  704  618  527  1218  598  568  967  1272  
39  48  34  40  38  35  25  24  52  35  38  52  29  41  45  44  65  34  35  45  57  

320  315  312  299  383  391  351  432  315  339  298  307  347  327  320  335  373  309  350  348  385  
195  220  212  189  187  193  184  200  231  198  210  218  193  226  182  217  227  192  182  192  227  
40  44  42  41  36  37  37  40  43  40  40  41  40  41  37  44  †45  44  36  42  41  
16.0 15.7 16.6 14.1 14.4 13.6 14.2 16.5 19.3 16.9 17.0 17.2 16.0 19.8 13.7 17.0 20.2 14.0 12.7 14.2 19.3
21  25  24  22  23  20  25  21  23  19  20  22  26  23  21  20  25  19  20  23  20  
34  73  102  13  27  34  26  9  111  33  41  71  30  28  15  56  14  19  30  2  23  

†129  †134  †129  †125  †119  †123  †124  †127  †132  †138  †130  †134  †128  †132  †129  †201  †131  †123  †121  †132  †135  
5  6  4  7  6  7  5  4  8  5  10  10  3  10  7  7  12  3  5  6  11  

13  29  10  12  13  14  36  26  33  0  21  7  23  16  27  13  21  12  20  38  24  
49  55  53  49  51  41  43  62  47  40  52  63  48  53  42  50  66  42  49  58  66  

5  6  5  4  4  3  6  6  6  4  8  6  3  5  5  7  7  3  6  8  5  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Birch Creek
Grande Ronde Basalt Type

KL216 KL218 KL219 KL220 KL221 KL222 KL223 KL231 KL232 KL233 KL234 KL235 KL236 KL241 KL244 KL249 KL265 KL266 KL301 KL308 KL309

55.45 56.66 57.30 53.89 55.45 55.20 58.53 58.28 56.89 57.41 57.03 56.07 56.74 55.44 54.95 54.38 55.36 56.27 55.02 57.26 57.01 
14.09 14.19 13.49 13.44 13.93 13.88 13.18 16.05 13.69 14.36 13.65 14.00 13.87 14.03 14.26 13.23 13.77 13.67 13.93 14.17 14.10 
2.28 1.91 2.25 2.47 2.13 2.11 2.55 †2.97 2.40 2.53 2.40 2.24 2.44 2.31 2.36 2.43 2.19 2.20 2.05 2.28 2.28 

11.38 10.47 11.30 13.31 11.53 11.90 10.68 9.14 11.95 10.67 10.99 11.08 10.73 10.94 12.17 12.82 12.15 11.63 12.48 9.61 10.92 
0.19 0.19 †0.24 0.20 0.21 0.21 0.18 0.07 0.16 0.13 0.17 0.13 0.20 0.22 0.16 0.22 0.20 0.22 0.22 0.17 0.18 
7.75 7.41 6.52 7.63 7.89 7.73 6.65 5.86 6.46 6.16 7.26 7.79 6.99 7.84 7.66 7.82 7.28 6.94 7.62 7.33 6.72 
3.49 3.93 2.92 3.80 3.74 3.74 2.58 1.25 2.87 2.51 2.76 3.70 3.24 3.67 3.45 3.47 3.60 3.35 3.60 3.40 2.96 
1.86 1.70 2.25 1.55 1.52 1.40 1.96 1.92 2.12 1.92 2.18 1.52 2.13 1.53 1.32 1.83 1.46 1.67 1.37 1.97 1.63 
3.13 3.26 3.25 3.29 3.28 3.47 3.17 3.95 3.06 3.83 3.14 3.11 3.18 3.61 3.27 3.36 3.58 3.66 3.33 3.43 3.81 
0.38 0.28 0.46 0.41 0.34 0.34 0.51 0.50 0.42 0.48 0.42 0.36 0.46 0.40 0.41 0.42 0.39 0.38 0.37 0.37 0.40 

7  4  0  9  5  5  1  15  4  6  1  13  7  18  9  11  5  0  0  8  0  
14  19  7  16  15  12  9  15  10  11  7  16  11  21  26  18  15  7  15  21  9  
31  28  30  39  36  36  27  41  31  35  33  31  34  35  35  32  31  31  36  41  33  

360  287  284  †484  378  377  235  †529  346  371  356  337  362  436  388  247  349  325  365  425  309  
562  613  801  632  540  549  1210  752  769  718  735  537  721  708  577  569  686  658  565  856  780  
43  43  60  34  37  31  53  50  57  52  54  42  54  34  35  49  39  42  30  48  42  

329  358  332  317  348  341  372  382  333  330  334  348  333  358  364  311  343  336  304  329  350  
201  187  191  181  181  182  224  208  184  205  184  190  202  182  182  210  204  200  174  186  204  
42  36  40  40  39  39  39  †45  40  39  43  39  43  †45  43  43  42  41  39  43  43  
14.5 12.4 13.7 12.2 11.8 12.3 19.2 17.6 14.8 17.5 15.5 16.4 17.8 15.6 16.3 16.3 15.5 16.2 12.5 12.9 15.8
24  21  25  24  17  22  21  21  21  24  23  19  21  24  19  21  24  23  20  23  23  
61  16  0  15  26  35  19  16  13  12  11  70  18  84  59  82  36  4  17  13  2  

†120  112  †126  †129  †120  †119  †131  †154  †127  †136  †131  †119  †139  †131  †141  †128  †177  110  †129  †127  †134  
7  6  9  9  5  4  9  7  6  5  9  5  6  6  4  7  4  8  5  9  7  

28  27  26  5  22  24  34  32  41  26  22  31  18  29  19  19  19  22  16  21  30  
50  46  68  48  44  44  58  56  41  68  64  50  74  53  52  61  62  59  48  56  63  

5  3  6  5  4  3  6  2  7  6  6  7  4  4  3  7  7  5  4  7  4  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Birch Creek
Grande Ronde Basalt Type

KL310* KL311 KL318 KL331 MF9413 MF9435 MF9436 MF9437 MF9438 MF9439 MF9440 MF9482 MF9483 MF9484 MF9485 MF9486 MF9487 BB 3 BB 4 BB 5

57.48 56.29 54.16 56.86 55.56 55.70 55.23 55.90 54.61 55.58 56.05 54.43 54.52 55.20 55.27 54.90 55.58 54.81 54.59 55.25 
14.51 14.16 13.96 14.14 13.63 13.79 13.50 13.83 13.46 13.85 13.97 13.73 13.60 13.82 13.79 13.83 13.88 13.77 13.67 13.92 
2.36 2.43 2.36 2.46 2.315 2.339 2.324 2.251 2.524 2.203 2.237 2.358 2.279 2.204 2.212 2.503 2.258 2.388 2.635 2.556

11.19 11.30 12.38 10.38 11.81 11.22 12.17 11.31 12.73 11.40 10.90 12.62 12.52 12.14 12.00 12.13 11.37 12.37 12.69 11.64 
0.12 0.17 †0.40 0.23 0.190 0.191 0.186 0.197 0.196 0.195 0.172 0.194 0.212 0.178 0.186 0.178 0.179 0.195 0.206 0.196
6.05 6.81 7.96 6.79 7.32 7.40 7.30 7.62 7.35 7.46 7.29 7.26 7.62 7.30 7.23 7.60 7.78 7.22 7.40 7.29 
2.16 3.03 3.51 3.02 3.59 3.69 3.69 3.67 3.51 3.91 3.77 3.99 4.00 3.84 3.91 3.44 3.80 3.91 3.49 3.76 
1.74 1.90 1.44 1.78 1.79 1.82 1.82 1.62 1.82 1.62 1.56 1.47 1.49 1.46 1.52 1.58 1.44 1.48 1.62 1.69 
3.97 3.43 3.42 3.93 3.40 3.47 3.38 3.23 3.40 3.43 3.69 3.53 3.38 3.51 3.54 3.42 3.32 3.41 3.28 3.28 
0.42 0.48 0.41 0.42 0.395 0.394 0.397 0.370 0.409 0.348 0.348 0.424 0.381 0.353 0.348 0.421 0.383 0.429 0.420 0.421

0  5  7  9  9  11  9  6  15  4  3  3  6  3  0  13  11  5  13  13  
5  13  25  17  17  16  14  16  24  16  12  17  16  13  11  20  20  19  18  23  

33  36  40  38  36  33  35  31  35  36  36  41  39  37  39  41  36  37  32  35  
340  376  398  385  361  344  336  332  367  348  354  382  396  345  356  379  324  394  363  372  
700  1021  553  676  611  597  588  582  598  599  585  558  573  579  575  584  565  565  606  585  
47  50  36  46  45  44  43  43  44  36  38  35  35  30  38  37  35  36  33  44  

359  347  353  293  324  317  321  338  306  336  320  335  315  325  321  305  333  333  300  285  
212  202  181  207  209  206  207  200  223  194  195  184  194  196  196  216  197  185  222  216  
40  †48  39  †48  43  42  42  41  †46  40  39  41  42  39  39  †47  39  39  †45  †45  
16.5 15.7 14.1 15.5 15.7 15.9 16.0 15.0 16.4 14.2 14.8 14.0 15.3 16.2 15.2 17.1 15.8 15.0 19.0 18.0
25  22  23  18  24  24  24  25  22  25  24  23  24  22  23  21  22  24  23  22  
3  10  44  17  67  75  73  71  104  36  34  39  81  38  39  106  70  43  105  124  

†150  †146  †128  †133  †122  †127  †125  †120  †131  †122  †123  †129  †126  †119  †122  †126  117  †126  †128  †126  
9  8  2  5  8  7  9  8  9  6  10  8  6  4  6  7  5  6  8  2  

38  35  6  20  11  26  25  19  24  29  13  26  26  32  12  26  20  14  17  30  
58  73  52  57  46  67  48  60  57  55  56  52  57  57  42  71  57  42  59  46  

4  5  4  4  5  4  4  4  5  6  4  5  5  6  6  7  6  6  7  8  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES VALE PROJECT ANALYSES

Birch Creek Andesite of Dishrag Canyon Dinner Creek Ash-Flow Tuff
Grande Ronde Basalt Type

BB 6 BB38 BB39 BB40 BB41 BB42 BB43 BB45 BB154 JJ84A JJ38 JJ43 JJ44 MF9420 MF9421 MF9422 MF9423 MF9424 MF9480 MF9481

55.23 54.84 54.83 56.25 55.79 55.37 55.75 56.06 55.86 54.87 59.15 58.80 59.87 77.81 77.43 81.31 76.93 78.36 79.11 75.92 
13.86 13.80 13.77 14.00 13.96 13.99 13.84 14.16 13.51 13.83 13.66 13.66 14.20 11.77 12.08 9.98 12.14 11.29 11.65 12.30 
2.239 2.398 2.296 2.241 2.250 2.527 2.372 2.261 2.227 2.063 1.822 1.879 2.009 0.156 0.153 0.126 0.173 0.168 0.153 0.161

11.75 12.43 12.12 11.13 11.44 11.66 11.51 10.57 12.53 12.44 10.69 10.92 8.66 1.84 1.75 1.45 2.06 1.90 0.90 1.89 
0.188 0.192 0.211 0.169 0.176 0.179 0.193 0.179 0.194 0.204 0.213 0.220 0.207 0.016 0.007 0.029 0.014 0.037 0.008 0.055
7.56 7.07 7.53 7.13 7.08 7.50 7.39 7.68 6.82 7.73 5.36 5.42 5.54 0.38 0.33 0.30 0.36 0.47 0.31 0.65 
3.95 3.89 4.05 3.74 3.97 3.50 3.72 3.95 3.36 4.13 2.01 1.93 2.08 0.03 0.01 0.00 0.04 0.09 0.00 0.00 
1.90 1.44 1.46 1.50 1.53 1.56 1.48 1.43 1.67 0.96 2.46 2.61 2.83 3.60 3.70 3.08 3.66 3.42 3.66 5.72 
2.94 3.51 3.36 3.49 3.46 3.31 3.35 3.32 3.44 3.42 3.89 3.77 3.73 4.39 4.49 3.70 4.60 4.23 4.18 3.29 
0.385 0.421 0.377 0.349 0.348 0.419 0.394 0.381 0.382 0.359 †0.74 †0.78 †0.89 0.027 0.051 0.015 0.020 0.027 0.026 0.017

11  5  8  4  3  12  12  12  5  6  0  0  0  13  15  9  12  13  16  12  
16  19  19  11  9  19  13  17  0  46  21  13  11  1  0  0  3  3  2  0  
33  36  38  31  33  34  35  31  32  30  25  20  25  5  3  0  0  4  0  8  

321  400  421  366  371  375  354  339  371  385  48  57  58  8  10  3  10  0  1  0  
543  557  575  572  576  585  603  566  584  552  962  933  1103  1385  1409  1164  1423  1321  1349  1425  
44  36  36  37  38  39  42  37  42  15  63  64  67  71  73  64  73  68  75  79  

326  331  312  318  313  303  317  330  319  302  317  315  346  31  29  27  30  32  27  27  
197  187  198  198  196  219  206  198  196  168  254  247  255  366  378  318  378  345  363  380  
40  40  41  39  39  †47  42  40  †45  39  †57  †57  †59  †79  †99  †48  †53  †63  †75  †97  
18.0 14.0 14.0 14.0 14.0 16.0 16.0 15.0 17.1 12.7 19.3 19.2 18.9 26.7 26.6 23.2 27.3 24.7 26.5 27.4
23  23  23  23  23  23  23  23  20  21  24  26  25  21  18  16  20  19  21  23  
76  43  82  36  36  102  70  71  45  28  0  2  2  10  5  5  7  11  9  2  

†118  †129  †122  †121  117  †126  †120  115  †129  †119  †148  †145  †149  †126  111  76  112  103  106  †148  
8  4  4  5  6  7  6  6  5  4  8  7  8  16  14  10  15  18  14  18  

26  6  23  11  19  24  29  22  44  60  61  35  36  41  45  55  
56  52  36  42  53  68  42  46  0  100  134  44  116  80  92  125  

7  4  4  6  6  6  5  10  4  6  7  7  6  9  7  7  7  8  9  6  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Dinner Creek Tuff

KL206 KL226 KL242 KL243 KL245 KL246 KL260 BB152 BB155 BB174 BB175 BB176 BB177 BB178 AL-66B AL-106B MP-145 SC-93 SK-23 SK-25 SK-31

15.3 17.1 15.0
76.02 76.13 74.92 76.08 76.02 75.40 76.95 76.09 76.71 75.60 78.25 78.06 79.10 77.24 75.74 75.27 79.07 76.45 74.99 75.69 75.20 
12.43 12.73 13.16 12.34 12.34 12.91 11.91 12.47 12.50 12.42 11.59 11.29 11.17 12.06 12.37 12.80 11.19 12.44 13.16 13.33 12.93 
0.17 0.18 0.22 0.17 0.16 0.20 0.17 0.181 0.177 0.162 0.150 0.149 0.143 0.168 0.172 0.209 0.149 0.161 0.200 0.175 0.190
1.76 1.52 2.53 1.89 2.06 2.26 2.21 2.25 1.52 2.08 1.63 2.14 1.55 1.80 2.16 2.38 1.68 1.95 2.36 2.00 2.09 
0.05 0.03 0.05 0.06 0.05 0.05 0.02 0.038 0.015 0.047 0.007 0.016 0.007 0.012 0.035 0.069 0.011 0.027 0.049 0.040 0.045
0.61 0.65 0.80 0.64 0.65 0.70 0.40 0.36 0.35 0.61 0.29 0.29 0.31 0.31 0.61 0.85 0.20 0.44 0.87 0.46 0.94 
0.00 0.11 0.20 0.00 0.00 0.03 0.01 0.00 0.07 0.21 0.15 0.15 0.03 0.15 0.33 0.56 0.10 0.06 0.67 0.09 0.69 
6.21 5.70 4.91 4.66 4.87 5.04 3.69 3.76 3.79 6.18 3.64 3.66 3.43 3.62 5.77 5.10 3.38 5.74 4.50 5.53 5.20 
2.74 2.93 3.19 4.14 3.83 3.38 4.62 4.79 4.85 2.68 4.25 4.23 4.25 4.61 2.78 2.71 4.18 2.71 3.19 2.66 2.69 
0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.058 0.032 0.014 0.040 0.015 0.010 0.024 0.028 0.066 0.038 0.022 0.023 0.026 0.031
13  13  13  14  13  13  15  14  11  9  11  12  10  14  12  13  14  9  12  12  12  
0  1  3  0  0  2  2  4  17  13  9  19  19  18  1  0  0  0  5  0  3  
4  3  1  0  0  3  2  5  0  2  3  1  0  0  4  4  0  1  4  3  4  
0  0  0  0  0  0  6  13  1  6  5  8  20  6  1  8  28  1  26  5  7  

1403  1393  1261  1445  1428  1337  1426  1746  1442  1354  1300  1316  1297  1380  1346  1317  1316  1362  1257  1339  1257  
84  86  77  76  76  78  68  76  76  83  74  76  69  73  87  74  66  90  72  80  79  
30  35  40  30  31  39  35  49  30  29  27  29  30  30  36  46  26  28  35  33  42  

394  403  400  391  395  403  366  384  379  387  363  356  355  376  392  404  351  383  402  416  408  
†97  †93  †95  †92  †95  †96  †96  †93  †71  †95  †89  †45  36  †95  †86  †88  †68  †87  †90  †83  †87  
25.7 29.1 30.0 29.0 29.0 29.7 27.2 26.9 27.2 27.7 25.9 24.4 24.2 26.2 28.5 28.1 25.7 28.3 28.3 28.6 27.1
22  24  21  21  21  23  23  19  23  25  23  20  22  23  22  22  20  25  23  26  20  
5  5  8  7  4  8  12  6  5  4  3  6  6  7  7  6  8  7  13  6  8  

†145  †140  †156  †145  †144  †148  †161  †128  †128  †172  94  83  85  †144  †146  †147  98  †146  †154  †126  †146  
15  16  13  15  13  17  16  14  14  15  12  6  7  11  17  19  13  14  16  16  16  
33  45  40  36  51  68  57  50  44  32  26  36  49  40  46  

112  95  105  103  90  107  107  123  95  99  60  73  104  101  99  
8  9  7  6  8  7  7  6  8  8  9  6  4  5  12  8  11  10  10  10  7  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Dinner Creek Tuff

SK-61 WB118A WB118 AYB301 AYB316 AYB321 JJ45 JJ59 AXB705 AXB714

77.25 78.70 81.05 74.76 73.38 73.36 76.91 76.92 78.00 75.61 
12.41 11.25 10.23 13.54 13.03 12.97 11.76 11.55 11.29 12.34 
0.158 0.152 0.141 0.259 0.321 0.298 0.159 0.152 0.159 0.194
1.09 1.64 1.28 1.24 2.91 2.74 2.58 2.94 2.14 2.14 
0.010 0.023 0.018 0.022 0.106 0.116 0.025 0.009 0.018 0.054
0.24 0.31 0.29 0.45 0.36 0.43 0.33 0.32 0.34 0.61 
0.11 0.00 0.00 0.03 0.25 0.32 0.04 0.22 0.22 0.02 
4.00 3.45 3.03 4.42 4.33 4.45 3.59 3.56 3.40 5.50 
4.68 4.44 3.94 †5.24 †5.26 †5.25 4.58 4.30 4.39 3.50 
0.048 0.032 0.024 0.035 0.047 0.070 0.043 0.030 0.033 0.029

10  12  13  11  11  17  12  17  10  12  
0  3  0  0  3  0  8  8  4  3  
0  5  5  19  14  7  1  3  3  2  

19  12  4  13  22  7  4  11  21  5  
1457  1349  1247  1246  1409  1347  1362  1326  1322  1420  

71  71  61  101  96  98  75  74  68  78  
28  28  31  38  57  59  31  35  32  34  

362  362  323  408  402  410  372  364  357  386  
†86  †79  †74  †60  †64  †91  †64  †75  †80  †92  
26.7 24.7 22.6 29.8 29.4 30.4 25.1 24.8 24.6 26.6
23  22  16  19  22  22  20  23  22  21  
5  5  1  6  11  14  2  2  5  3  

117  †122  97  116  †126  †138  117  †133  132  153  
12  11  10  17  20  14  8  13  13  15  
55  52  44  60  49  89  49  42  

111  104  78  101  63  85  87  95  
9  6  5  9  10  7  5  8  7  6  



VALE PROJECT ANALYSES

Loc Jordan Namorf Namorf Namorf Namorf Namorf Cottwd Cr Cttn Wood Jordan Cttn Wood Cttn Wood Cttn Wood Cttn Wood Cttn Wood Cttn Wood WF Namorf Simons Namorf D WF F WF I

Sample HOR07 KL041 KL043 KL044 KL045 KL046 KL062 KL064 KL097 KL108 KL109 KL112 KL113 KL229 KL230 BB113 BB190 BB192 AYB203 AYB416 AYB422

 SiO2  73.13 72.37 73.48 72.46 72.23 72.33 76.01 73.53 72.32 73.39 72.86 74.23 74.44 73.02 72.73 72.96 72.82 72.33 71.88 72.03 72.22 
 Al2O3 12.79 12.67 12.90 12.74 12.78 12.88 12.62 13.17 12.68 13.03 12.98 13.27 13.33 12.72 12.79 13.35 12.61 12.79 12.61 12.74 12.82 
 TiO2  0.745 0.700 0.693 0.702 0.682 0.689 0.694 0.727 0.715 0.736 0.727 0.740 0.748 0.72 0.73 0.748 0.700 0.692 0.697 0.713 0.710
 FeO* 3.41 3.90 3.14 4.02 3.90 3.75 1.21 2.52 4.31 3.11 3.26 1.66 1.54 3.35 3.43 2.86 3.88 3.72 4.10 3.61 3.52 
 MnO   0.068 0.090 0.050 0.064 0.090 0.089 0.011 0.053 0.051 0.026 0.065 0.045 0.013 0.08 0.08 0.053 0.065 0.082 0.089 0.078 0.076
 CaO   1.79 1.73 1.26 1.31 1.77 1.79 1.23 1.75 1.38 1.29 1.59 1.29 1.23 1.68 1.74 1.74 1.31 1.69 1.73 1.73 1.65 
 MgO   0.19 0.29 0.12 0.60 0.30 0.26 0.00 0.00 0.29 0.00 0.27 0.00 0.00 0.27 0.27 0.01 0.57 0.50 0.58 0.55 0.47 
 K2O   5.21 5.24 4.45 4.41 5.38 5.26 4.27 5.41 4.31 4.39 5.26 4.47 4.54 5.14 5.16 5.75 4.26 5.22 5.47 5.79 5.66 
 Na2O  2.52 2.88 3.76 3.57 2.73 2.81 3.81 2.70 3.81 3.90 2.85 4.15 4.03 2.86 2.93 2.37 3.64 2.82 2.70 2.61 2.73 
 P2O5  0.145 0.130 0.131 0.136 0.126 0.133 0.134 0.138 0.137 0.133 0.138 0.132 0.110 0.15 0.15 0.155 0.142 0.142 0.138 0.148 0.147
 Ni    6  3  5  6  8  5  8  8  5  6  7  9  8  9  7  8  7  4  4  7  7  
 Cr    3  1  1  0  11  0  0  0  0  4  1  0  1  4  0  1  0  0  3  3  1  
 Sc 9  13  10  11  12  10  10  9  10  10  11  13  9  11  14  15  9  5  9  10  10  
 V     12  20  6  4  1  6  13  7  0  14  5  0  16  0  4  22  24  19  26  23  29  
 Ba 1275  1347  1348  1277  1293  1344  1425  1366  1291  1373  1385  1416  1388  1353  1337  1328  1286  1287  1301  1377  1313  
 Rb 141  158  147  145  162  150  140  147  143  147  153  149  152  152  148  150  139  149  155  148  147  
 Sr 171  164  161  159  167  178  167  183  161  170  179  175  167  167  175  196  158  167  169  176  173  
 Zr 274  279  282  277  278  276  272  277  274  284  280  284  293  275  272  272  272  274  272  271  270  
 Y 40  37  39  35  38  41  35  38  36  33  37  37  27  †45  †46  43  38  41  41  41  40  
 Nb 21.5 21.2 19.8 21.6 21.6 20.3 21.7 21.9 23.9 20.0 20.7 22.9 21.5 22.4 21.9 20.2 21.8 22.7 21.8 21.0 21.4
 Ga 17  21  19  19  17  17  21  22  17  18  18  20  18  19  19  19  19  20  17  19  22  
 Cu 6  1  4  0  1  1  2  4  1  6  1  5  2  4  5  0  1  2  3  1  1  
 Zn 84  90  88  85  82  90  70  82  87  91  90  82  69  86  90  93  85  85  86  86  88  
 Pb 22  26  20  24  25  23  25  24  24  27  24  28  20  17  20  24  25  23  24  26  21  
 La 38  42  47  47  43  46  46  42  42  34  52  46  29  62  41  45  52  58  42  63  42  
 Ce 82  75  84  94  77  98  88  85  73  74  90  94  69  88  99  97  91  84  84  88  93  
 Th 16  16  17  17  17  18  17  16  17  17  15  19  18  19  16  16  17  17  14  13  13  

Rhyolite of Cottonwood Mountain 



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Harper Bas Harper Bas Juntura Juntura Juntura Juntura Juntura Juntura Juntura Juntura Namorf Bully Jordan Westfall IndianCr, WF Reds Cr Dry Cr Cottonwood Pole Cr Simmons Simmons

HOR02 HOR09 MF9416 MF9417 MF9442 MF9443 MF9449 MF9452 MF9453 MF9454 KL48 KL66 KL98 KL103 KL104 KL106 KL107 KL111 KL261 KL267A KL267B

56.72 56.12 55.67 55.51 56.75 55.56 57.15 57.11 57.07 56.06 56.53 56.73 56.81 55.35 55.62 57.21 55.85 56.99 55.98 55.38 56.34 
13.70 13.74 13.38 13.48 13.64 13.29 13.73 13.74 13.75 13.45 13.60 13.37 13.64 13.70 13.82 13.90 13.86 13.60 13.49 13.40 13.35 
2.379 2.412 2.304 2.312 2.379 2.302 2.357 2.360 2.380 2.327 2.294 2.298 2.330 2.330 2.335 2.376 2.435 2.336 2.36 2.30 2.36 

11.09 11.88 12.86 12.60 11.33 13.04 10.40 10.20 10.48 12.15 11.61 12.35 11.57 12.19 11.69 10.83 11.83 11.70 12.13 12.70 11.77 
0.198 0.230 0.195 0.215 0.183 0.201 0.186 0.199 0.190 0.195 0.207 0.201 0.215 0.218 0.200 0.190 †0.25 0.192 0.20 †0.25 †0.26 
7.01 6.88 6.58 6.95 7.00 6.99 7.07 7.34 7.04 6.93 6.71 6.52 6.66 7.09 7.26 6.73 6.94 6.49 6.96 6.99 6.73 
3.26 3.05 3.35 3.42 3.19 3.26 3.41 3.34 3.24 3.27 3.11 2.80 2.82 3.40 3.44 2.91 3.08 2.75 3.20 3.26 3.16 
1.92 1.91 1.74 1.74 1.97 1.85 1.96 1.94 2.04 1.91 1.84 1.97 2.16 2.12 2.06 2.11 2.02 1.97 1.97 2.09 1.93 
3.27 3.33 3.49 3.32 3.11 3.07 3.29 3.32 3.34 3.26 3.63 3.26 3.29 3.15 3.12 3.28 3.29 3.47 3.27 3.15 3.60 
0.451 0.447 0.439 0.447 0.450 0.435 0.447 0.452 0.465 0.440 0.461 0.492 0.514 0.444 0.449 0.467 0.457 0.503 0.45 0.46 0.49 

0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  
18  11  16  13  13  15  16  18  14  13  10  7  8  24  24  15  15  8  16  19  4  
35  31  36  33  32  32  33  31  33  34  36  24  28  36  36  33  36  30  32  35  36  

379  398  359  386  354  372  336  350  358  368  293  283  294  363  363  361  378  282  358  358  310  
789  745  710  694  810  719  1108  778  850  774  694  775  975  688  823  914  777  847  782  720  766  
47  47  47  46  49  44  50  47  48  46  44  58  60  51  46  53  50  54  49  50  51  

339  328  310  323  343  320  347  360  352  330  324  318  335  318  337  355  335  341  332  315  320  
205  204  203  206  211  202  211  209  212  204  215  216  221  202  208  206  213  221  207  203  216  
40  39  41  44  †45  43  †46  †45  †48  44  43  42  43  40  42  39  42  43  44  43  †47  
17.5 16.6 16.9 16.5 16.9 17.0 16.0 16.9 16.7 16.4 20.4 18.1 17.9 18.8 17.7 17.0 15.9 16.1 17.3 17.6 17.5
21  22  22  26  27  24  22  23  23  21  18  22  20  19  22  21  20  22  22  18  21  
3  0  0  1  1  0  4  7  0  0  21  2  0  5  2  2  0  3  3  3  33  

†142  †146  †135  †137  †141  †133  †138  †141  †143  †136  †131  †141  †141  †139  †142  †139  †156  †140  †139  0  0  
5  9  9  9  8  10  10  8  8  8  5  8  7  4  5  6  11  8  6  7  6  

22  38  20  30  26  31  20  17  19  15  18  39  16  30  21  17  24  21  18  23  15  
66  63  45  51  61  54  66  73  59  59  56  86  60  53  58  72  55  67  52  52  56  

4  8  6  5  7  7  5  4  6  8  4  4  7  6  4  7  7  8  7  5  6  

Hunter Creek Basalt



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Hunter Creek Basalt

Simmons Namorf Bully JonesboroMon Pk Mon Pk Mon Pk Namorf Stemler Namorf B WF A L Valley E L Valley F WF/ WF/ WF/

KL268 KL269* KL293 BB 2 BB151 BB156 BB159 BB191 AL50 LB10 LB54 LB63 LB82 JJ11 AYB201 AYB403 AYB406 AYB407 AYB411 AYB412 AYB417

56.55 56.40 56.54 56.50 56.64 56.80 57.44 57.15 55.97 56.92 56.02 55.83 56.52 57.32 56.73 56.28 56.92 56.86 56.09 56.03 56.46 
13.67 13.51 13.42 13.82 14.02 13.88 13.90 13.67 13.59 13.94 13.57 13.37 13.57 14.01 13.90 13.54 13.48 13.46 13.83 13.71 13.91 
2.35 2.28 2.31 2.394 2.404 2.371 2.402 2.292 2.377 2.399 2.349 2.328 2.362 2.432 2.356 2.384 2.329 2.331 2.380 2.387 2.425

10.97 11.55 12.20 11.62 11.13 11.17 10.15 10.76 12.14 10.34 11.81 12.55 12.03 9.82 11.75 12.12 11.56 11.58 11.38 11.94 10.99 
0.23 0.22 0.20 0.191 0.177 0.184 0.177 0.239 0.202 †0.24 0.199 0.202 0.191 0.193 0.184 0.206 0.221 0.267 0.202 0.207 0.255
7.14 6.67 6.59 6.92 6.95 6.89 6.97 6.64 6.92 7.18 6.92 6.85 6.65 7.16 6.13 6.76 6.60 6.75 7.16 7.07 7.01 
3.30 3.23 2.83 3.17 3.13 3.17 3.20 3.25 3.22 3.31 3.35 3.18 2.94 3.29 2.72 2.92 2.89 2.76 3.27 3.11 3.24 
2.19 1.80 2.14 1.85 1.94 1.77 2.09 1.72 1.86 2.10 1.91 2.11 2.08 2.04 1.82 2.02 2.23 2.23 1.84 2.00 2.03 
3.14 3.87 3.26 3.09 3.16 3.31 3.20 3.79 3.26 3.07 3.40 3.12 3.17 3.27 3.92 3.28 3.26 3.27 3.40 3.08 3.21 
0.46 0.46 0.51 0.462 0.462 0.453 0.466 0.484 0.458 0.486 0.457 0.450 0.489 0.471 0.486 0.491 0.501 0.502 0.455 0.468 0.460

1  0  0  0  0  0  0  0  0  0  0  0  0  4  0  0  0  0  0  0  0  
20  9  4  14  12  0  2  14  17  21  25  15  10  31  15  18  14  12  23  20  21  
34  33  31  32  33  28  26  23  36  26  30  29  27  30  29  27  27  25  31  28  29  

372  301  299  352  349  388  368  296  371  368  367  375  334  386  305  332  300  292  369  386  397  
922  714  819  812  879  771  1020  774  808  1508  864  801  995  944  742  950  930  988  979  865  850  
54  46  62  49  50  43  52  35  50  54  45  49  53  55  45  54  56  55  47  49  49  

330  322  319  335  340  326  349  317  323  376  319  322  326  350  327  326  325  328  330  326  323  
206  212  218  208  212  202  209  213  201  211  201  203  215  213  221  214  216  213  204  203  203  
44  †45  †45  †45  †51  44  44  44  43  †46  41  42  44  †45  44  43  44  44  43  41  42  
18.5 17.2 18.4 19.0 17.8 18.7 17.5 16.2 17.4 17.3 18.1 15.9 18.8 18.6 19.4 17.4 18.8 18.0 17.2 16.9 17.3
18  19  20  21  27  22  25  20  21  22  22  23  21  25  22  23  21  24  25  25  24  
6  22  0  2  2  10  1  16  0  2  0  4  0  4  33  6  0  4  2  5  0  

†137  †130  †137  †140  †143  †147  †140  †129  †133  †137  †131  †136  †142  †138  132  142  138  138  137  138  144  
8  5  7  7  9  7  6  5  9  9  10  7  6  6  12  8  8  7  10  11  10  

20  8  32  35  23  44  0  12  17  24  29  22  18  29  32  40  24  16  30  42  
64  75  67  61  51  0  0  76  61  57  65  46  58  65  76  61  65  66  63  66  

6  3  7  6  5  6  7  8  5  6  5  4  6  7  7  7  5  8  8  8  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

WF J Jonesb E Harper E Namorf Tims Pk Tims Pk Tims Pk MP MP MP MP MP TP SH SC SK SMountB MP MP ? MP SC SK

AYB423 AXB707 HOR01 KL258* KL270 KL271 KL276* BB150 BB157 BB158 BB160 BB169 AL59 AL-179 SC-14 SK5 AXB709 MP 03 MP 31 AL60 MP40 SC25 SK6

56.03 55.36 71.54 71.52 72.77 72.01 71.32 72.44 72.56 72.08 72.95 72.96 71.50 73.36 73.50 73.26 73.89 73.79 75.24 72.88 76.67 73.22 73.29 
13.75 13.36 12.64 12.51 12.98 12.64 12.59 12.76 12.75 12.68 12.92 12.78 12.79 12.47 12.24 13.07 13.23 12.93 12.40 12.91 12.38 12.77 12.65 
2.335 2.365 0.408 0.42 0.41 0.41 0.41 0.386 0.388 0.389 0.394 0.375 0.443 0.378 0.392 0.417 0.436 0.400 0.387 0.413 0.377 0.362 0.408

11.85 12.58 5.39 5.44 4.24 5.60 5.53 4.97 4.85 4.31 3.96 4.36 5.03 4.32 4.47 3.73 2.68 3.14 2.96 4.14 1.43 4.21 4.18 
0.204 0.213 0.114 0.11 0.04 0.06 0.20 0.033 0.050 0.100 0.023 0.057 0.103 0.070 0.097 0.025 0.041 0.014 0.016 0.019 0.004 0.064 0.034
6.94 7.01 1.10 1.24 0.74 0.71 1.39 0.65 0.78 1.61 0.85 0.75 1.37 0.68 0.83 0.61 0.73 0.71 0.59 0.74 0.53 0.61 0.69 
3.24 3.48 0.26 0.12 0.01 0.02 0.03 0.02 0.08 0.16 0.18 0.08 0.16 0.20 0.18 0.07 0.07 0.11 0.00 0.19 0.20 0.31 0.24 
1.96 1.95 4.08 4.09 4.27 4.09 4.08 4.28 4.17 4.57 4.27 4.25 4.10 4.14 4.01 4.30 4.33 4.31 4.13 4.28 4.08 3.97 4.14 
3.20 3.23 4.42 4.49 4.48 4.40 4.38 4.39 4.32 4.04 4.34 4.36 4.46 4.31 4.20 4.49 4.53 4.55 4.24 4.34 4.26 4.43 4.28 
0.475 0.446 0.052 0.06 0.07 0.06 0.06 0.067 0.056 0.050 0.096 0.035 0.059 0.068 0.078 0.041 0.069 0.048 0.038 0.098 0.075 0.054 0.081

0  0  6  8  10  6  8  9  6  5  10  7  6  9  10  11  8  8  9  9  8  5  5  
23  24  1  2  0  0  1  3  18  17  17  28  0  2  0  0  2  3  3  1  4  0  2  
29  26  11  8  6  5  7  5  0  5  6  4  11  5  6  7  5  3  7  4  2  5  3  

359  361  0  0  0  0  0  25  10  8  12  10  4  22  43  27  10  3  12  10  23  8  18  
853  778  1693  1713  1765  1714  1701  1774  1951  1801  1868  1801  1704  1829  2060  1768  1857  1810  1703  1764  1858  1871  1793  

50  47  115  114  119  113  114  119  120  117  124  119  112  115  112  118  122  123  118  120  119  120  121  
330  318  143  137  145  143  137  132  140  139  145  131  149  131  141  133  154  141  129  136  132  132  140  
199  200  487  486  504  485  484  503  496  491  503  504  486  484  466  496  510  544  497  499  491  514  514  
40  40  †81  †92  †95  †73  †94  †69  †71  †89  †152  †75  †83  †83  †76  †80  †90  †68  †61  †83  †73  †60  †69  
17.8 16.8 †40  †41  †43  †41  †40  †40  †40  †40  †41  †40  †39  †38  †37  †40  40.1 41.2 39.6 39.3 38.7 40.5 41.4
22  25  26  22  26  26  25  24  24  26  25  †28  27  27  24  27  27  28  25  28  25  26  27  

1  7  4  3  0  0  2  6  2  0  0  0  1  2  6  4  5  0  0  0  0  0  0  
132  139  †169  †163  †164  †148  †170  †150  †155  †159  †127  †132  †159  †154  †152  †146  166  151  151  141  42  171  145  

10  8  19  15  20  21  17  18  18  18  14  16  18  16  15  11  17  13  14  18  14  16  18  
30  30  49  61  54  67  58  95  51  78  63  57  60  67  68  64  54  68  57  
73  54  130  120  138  97  126  128  129  110  90  117  131  103  126  103  113  117  99  
9  8  14  13  13  13  17  13  15  12  13  13  13  14  13  13  11  13  11  13  11  14  11  

Hunter Creek Basalt Littlefield Rhyolite, LFR



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Westfall Butte Complex

Tbad-1 Tbad-2 Tdi Tig-1 Tig-2
W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB W'tfallB WB WB WB WB WB WB WB

WB45 WB97 WB104 WB112 WB139 WB101 WB105 WB128 WB59 WB85 WB126 WB-137 WB-134 WB-129B WB-124A WB111 WB20 WB22 WB32

57.97 56.31 56.47 55.90 55.83 61.41 63.59 62.65 66.48 67.27 68.07 68.66 72.48 70.64 70.70 71.00 75.23 74.88 75.29 
16.43 17.12 16.35 16.57 16.99 16.41 15.90 16.08 16.06 15.32 15.53 15.53 14.63 15.30 15.20 14.60 14.26 14.07 14.01 
0.775 0.787 0.811 0.820 0.882 0.851 0.809 0.810 0.764 0.684 0.663 0.582 0.309 0.470 0.509 0.471 0.039 0.089 0.036
7.28 7.11 8.32 8.81 9.37 7.68 6.04 6.52 5.43 4.86 4.44 3.84 2.48 3.24 3.39 3.31 0.86 1.25 0.82 
0.139 0.141 0.149 0.156 0.160 0.102 0.108 0.096 0.040 0.080 0.079 0.053 0.062 0.068 0.064 0.061 0.068 0.048 0.080
7.87 9.29 8.42 8.35 7.93 5.96 5.41 5.51 4.18 3.85 3.55 3.68 2.45 2.80 2.42 2.98 1.30 1.39 1.25 
4.57 4.83 5.00 4.89 4.34 2.05 1.80 2.18 0.26 0.91 0.69 0.63 0.46 0.51 0.41 0.46 0.02 0.03 0.00 
1.75 1.19 1.26 1.24 1.09 1.74 2.30 2.09 2.39 2.67 2.76 2.78 3.21 2.95 3.27 2.91 4.73 4.32 4.77 
3.03 3.06 3.04 3.10 3.21 3.52 3.72 3.77 4.09 4.08 3.95 4.03 3.82 3.79 3.68 4.04 3.47 3.87 3.73 
0.177 0.166 0.171 0.170 0.203 0.284 0.326 0.285 0.296 0.281 0.265 0.217 0.101 0.234 0.357 0.166 0.021 0.044 0.021

70  58  64  61  47  16  8  14  6  5  4  9  6  12  2  8  9  10  8  
28  26  19  15  11  7  6  7  0  1  2  5  0  1  2  3  2  3  2  
28  38  29  33  32  22  18  21  17  13  14  11  8  8  7  7  1  3  11  

195  196  216  212  104  171  141  158  82  70  54  78  22  43  38  36  0  13  0  
1528  795  879  819  1153  1453  1616  1456  1953  2049  2085  2027  2021  2068  2138  2088  †2330  †2534  †2320  

25  17  19  19  7  28  36  34  33  44  46  46  58  51  54  51  78  74  79  
297  242  239  236  263  293  307  298  319  312  288  294  268  268  244  273  150  174  146  
93  92  96  96  110  136  151  145  183  190  195  177  193  180  181  187  67  95  65  
29  24  26  24  26  24  28  25  40  30  33  22  21  25  20  22  22  21  23  
5.9 5.0 5.3 5.8 6.2 7.3 8.2 7.9 8.9 9.4 10.1 9.1 10.6 8.9 10.9 9.2 12.0 12.2 12.3

17  18  17  16  16  18  20  18  17  17  16  18  14  16  14  14  14  15  16  
99  115  131  129  131  17  46  42  20  35  22  34  9  29  23  29  11  13  5  
70  76  76  75  86  74  76  72  80  72  70  55  45  56  60  60  38  36  35  
4  2  6  4  5  7  8  6  9  7  8  9  10  14  12  8  17  19  16  

21  22  29  12  20  22  31  29  60  51  59  45  40  42  34  34  14  28  11  
32  29  27  35  40  40  37  37  73  56  57  56  76  64  39  63  0  30  13  
2  3  3  0  2  3  2  3  5  4  4  6  10  5  6  8  4  6  5  



Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Wildcat Creek Ash-flow Tuff

TP-119 JJFB12 AYB424 AYB425 MP 12 MP121 AL72 AL96 AL174 SC16 SC22 SC54 SC108 SK37 SK81

72.07 74.59 72.11 69.89 72.91 72.94 72.28 72.94 73.92 76.74 73.77 73.34 73.53 73.15 75.94 
13.48 13.43 13.33 13.01 13.09 13.55 13.27 13.33 12.93 11.36 13.23 13.19 13.02 13.19 12.55 
0.467 0.224 0.575 0.561 0.301 0.348 0.385 0.373 0.369 0.294 0.318 0.356 0.328 0.311 0.210
3.38 2.18 4.41 4.21 2.91 2.89 3.22 2.92 2.99 2.66 2.46 3.06 3.05 3.16 1.49 
0.133 0.078 0.189 0.151 0.101 0.082 0.116 0.078 0.027 0.091 0.037 0.071 0.099 0.119 0.019
1.10 0.92 1.34 3.33 0.53 0.53 0.83 0.44 0.27 0.21 0.14 0.28 0.20 0.53 0.49 
0.46 0.21 0.82 0.91 0.13 0.10 0.27 0.14 0.29 0.29 0.32 0.41 0.23 0.18 0.35 
4.90 4.14 4.56 4.83 6.30 5.61 5.81 4.27 4.17 3.81 4.46 4.28 4.40 5.41 4.37 
3.89 4.18 2.52 2.91 3.66 3.89 3.73 5.39 4.95 4.51 5.23 4.98 5.08 3.91 4.53 
0.121 0.045 0.141 0.197 0.052 0.051 0.098 0.113 0.085 0.044 0.033 0.043 0.054 0.043 0.049

17  10  10  12  8  10  11  12  12  10  14  9  10  7  11  
4  0  8  12  1  5  8  3  5  5  3  5  7  2  0  
5  7  6  11  2  1  6  3  2  4  0  2  4  7  0  

36  5  36  35  1  10  17  28  16  24  16  29  24  4  11  
1102  1149  821  764  968  1191  1065  1064  925  853  859  972  1006  1051  950  

89  77  84  93  101  108  95  92  92  86  100  94  100  97  110  
66  58  75  114  33  49  53  47  50  42  29  45  38  38  36  

374  305  353  347  410  405  398  392  390  355  417  405  416  411  337  
†66  †68  †57  †57  †69  †65  †73  †75  †66  51  54  47  53  †69  †65  
29.7 15.0 27.1 27.5 30.7 31.2 30.8 30.2 29.6 27.1 29.5 30.7 31.1 32.2 29.8
21  19  22  20  22  21  24  25  22  18  22  22  22  22  18  
14  14  9  6  1  0  3  7  3  3  0  5  2  0  0  

†122  76  122  119  122  117  127  121  120  106  121  95  125  125  64  
15  14  14  18  16  16  15  15  11  12  13  12  15  15  14  
49  49  46  58  51  44  60  47  46  50  47  37  67  50  
85  97  92  99  97  98  118  78  95  77  61  75  100  121  

8  8  6  5  7  8  7  7  7  6  6  6  7  8  10  



VALE PROJECT ANALYSES

Keeney sequence

Negro Rock Type Vines Hill 
Loc Negro L Mal R Mal R Mal R Mal R Mal R Mal R Negro Negro Vines H Vines HVines H Vines H Vines H Vines H AL L Mal RVines HiVines Hi L Valley Vines H

Sample HOR11 KL25 KL55 KL56 KL57 KL58 KL59 KL326* KL327 AXB102AXB103AXB104AXB105AXB106AXB107BB168 KL26* KL250 KL251*AXB413BB107

 SiO2  55.19 55.53 56.99 55.99 57.05 56.74 56.25 56.07 56.04 57.44 57.07 57.40 55.70 55.77 55.71 59.67 59.32 61.48 60.11 61.00 60.54 
 Al2O3 17.04 16.61 16.69 16.91 16.91 16.78 16.70 16.48 16.53 16.78 17.09 16.56 16.65 17.01 16.89 15.95 17.48 17.71 17.08 17.54 17.21 
 TiO2  1.402 1.511 1.414 1.453 1.375 1.383 1.406 1.41 1.36 1.150 1.463 1.374 1.561 1.540 1.542 1.491 0.971 0.93 0.89 0.883 0.895
 FeO* 8.55 8.79 8.15 8.49 7.42 7.82 8.34 8.31 8.22 7.63 7.34 7.69 8.66 8.11 8.14 6.90 6.31 5.26 6.02 5.65 5.93 
 MnO   0.158 0.162 0.162 0.219 0.172 0.193 0.190 0.17 0.16 0.191 0.169 0.132 0.161 0.254 0.199 0.150 0.113 0.05 0.14 0.097 0.090
 CaO   7.09 6.82 6.67 6.99 6.67 6.63 6.71 6.91 7.13 6.41 6.65 6.49 7.04 6.74 6.81 5.74 5.82 5.58 5.79 5.64 5.75 
 MgO   4.06 3.71 3.29 4.14 3.66 3.63 3.68 3.90 4.16 3.69 3.43 3.37 3.84 3.40 3.83 2.63 2.82 1.25 3.01 2.05 2.33 
 K2O   1.62 1.85 1.86 1.30 1.83 1.86 1.89 2.11 1.85 1.81 1.89 2.02 1.76 2.13 1.85 2.64 2.19 2.57 2.38 2.19 2.38 
 Na2O  4.07 4.18 3.97 3.71 4.15 4.19 4.05 3.89 3.85 4.20 4.17 4.21 3.92 4.21 4.21 4.07 4.50 4.64 4.12 4.48 4.40 
 P2O5  †0.82 †0.84 †0.79 †0.80 †0.77 †0.77 †0.78 †0.74 †0.69 †0.71 †0.73 †0.75 †0.71 †0.83 †0.82 †0.75 0.486 0.51 0.47 0.462 0.484
 Ni    27  29  27  28  31  27  30  39  36  29  25  31  28  30  30  0  26  31  29  27  25  
 Cr    41  54  50  54  52  52  57  74  68  49  44  53  50  55  57  41  30  44  43  42  38  
 Sc 26  17  19  17  20  20  16  19  23  21  18  18  22  22  20  21  14  14  13  17  15  
 V     159  142  146  143  144  142  142  151  153  141  150  152  169  164  166  194  127  121  112  110  118  
 Ba 1034  1037  1086  996  1070  1107  1088  1170  1018  1133  1420  1069  1017  1159  1107  919  797  948  926  955  953  
 Rb 13  17  25  17  19  20  21  25  20  13  18  22  23  26  17  50  26  44  32  29  36  
 Sr 612  582  570  580  567  575  584  533  522  595  577  554  562  586  580  387  611  579  563  581  559  
 Zr 208  251  258  256  248  248  253  233  227  231  254  241  257  246  241  227  176  210  203  199  203  
 Y 30  31  35  32  32  31  34  33  31  32  42  31  33  35  32  36  21  24  24  23  24  
 Nb 23.9 30.5 26.6 23.9 24.0 25.1 24.3 25.0 22.3 24.2 24.8 23.9 25.1 30.2 30.3 18.3 17.9 19.2 19.5 17.9 17.3
 Ga 15  21  22  20  19  19  20  17  19  20  20  22  21  20  22  19  22  18  17  21  19  
 Cu 53  63  49  44  46  45  46  45  46  36  45  48  40  46  40  23  72  58  45  42  42  
 Zn 101  102  109  111  102  106  105  99  96  96  131  102  111  103  103  95  76  88  79  81  77  
 Pb 5  7  8  8  6  7  9  6  7  10  5  9  6  9  7  5  5  6  9  5  7  
 La 44  31  41  37  34  40  41  42  36  32  52  35  44  46  40  26  16  38  26  33  38  
 Ce 77  77  75  66  59  87  75  56  76  63  95  69  84  76  70  62  50  56  55  47  74  
 Th 1  4  4  1  3  2  4  2  2  3  2  4  4  1  4  5  1  1  0  1  3  
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Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
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 V     
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 Rb
 Sr
 Zr
 Y
 Nb
 Ga
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Keeney sequence Keeney sequence Keeney sequence
Shumway Ranch Basalt Shumway Ranch Basalt

Freezeout Mountain Basaltic Andesite of Cherry Creek-1 Basaltic Andesite of Cherry Creek-2
Harper Harper Keeney Keeney Keeney Harper C MP MP SH MP SC SH Alder SH SH SH SH SK

KL254 KL255 90BO75* 90BO88 90BO92 AXB209 BB90 BB91 AL-203 MP-50 SC-5 BB172 AL95 AL146 AL150 AL172 AL193 SK83

54.60 54.77 56.34 54.93 54.38 56.12 52.90 52.96 53.21 53.24 54.46 53.29 52.45 52.05 51.90 51.95 52.94 51.95 
16.76 16.71 17.47 17.14 17.28 17.48 16.88 17.10 17.20 16.85 16.67 17.14 16.73 16.42 16.97 16.44 17.15 16.78 
1.19 1.20 1.01 1.03 1.09 1.004 1.897 1.863 1.877 1.855 1.866 1.864 2.038 2.007 1.989 1.950 1.864 1.935
8.11 7.91 6.57 7.82 7.85 6.99 10.04 9.90 8.76 9.61 9.48 9.14 10.50 10.65 10.36 10.49 8.91 9.96 
0.16 0.15 0.16 0.13 0.13 0.179 0.150 0.142 0.198 0.166 0.151 0.157 0.157 0.192 0.169 0.170 0.171 0.171
8.68 8.38 8.36 8.27 8.64 8.46 8.12 8.22 8.29 8.05 7.42 7.89 7.96 7.90 8.14 7.98 8.04 8.09 
5.46 5.87 4.90 5.48 5.56 4.66 4.38 4.19 4.48 4.51 3.73 4.59 3.89 4.69 4.73 5.08 4.83 5.15 
1.43 1.35 1.23 1.38 1.17 1.40 1.59 1.58 1.75 1.65 1.86 1.66 1.62 1.61 1.54 1.51 1.76 1.56 
3.28 3.33 3.67 3.49 3.51 3.42 3.46 3.49 3.65 3.49 3.80 3.56 3.86 3.73 3.48 3.73 3.64 3.72 
0.35 0.34 0.27 0.34 0.36 0.283 0.586 0.567 0.587 0.579 0.567 †0.70 †0.79 †0.75 †0.73 †0.70 †0.69 †0.68 
91  90  89  89  92  89  42  41  44  44  33  40  28  36  38  42  41  46  

145  140  116  119  127  123  63  66  64  66  33  92  72  74  89  95  80  84  
24  21  20  22  24  24  24  22  26  21  19  21  37  24  22  28  31  24  

192  204  175  191  190  182  219  211  225  215  270  220  260  237  237  229  233  234  
606  582  629  679  798  730  884  957  883  945  959  2026  1034  1066  1310  1048  971  832  

22  19  30  18  12  21  20  21  22  20  28  19  16  14  16  14  20  14  
491  485  495  520  535  503  552  576  550  552  519  611  592  600  647  572  581  565  
141  141  141  146  147  137  185  182  184  183  193  183  193  194  186  189  185  183  
21  20  19  20  20  18  33  33  32  31  37  35  37  37  35  34  32  33  
10.1 9.5 9.1 10.1 9.2 10.0 15.9 16.1 14.1 14.7 16.4 16.7 16.2 17.0 15.4 16.8 16.1 15.7
15  16  16  15  13  20  21  22  25  22  19  23  25  24  23  25  21  19  
62  63  61  51  38  58  42  39  38  48  39  44  31  31  41  34  45  44  
80  77  74  78  83  74  113  114  113  117  †120  110  †119  †119  †124  117  115  114  

2  2  5  8  2  3  8  5  6  7  7  5  5  8  5  6  6  6  
4  26  17  17  24  7  28  32  27  27  29  30  30  37  30  24  35  32  

36  27  15  43  26  36  55  52  41  60  48  0  56  50  46  51  37  59  
2  2  3  3  3  4  0  0  0  0  4  3  1  1  1  2  2  0  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Keeney sequence Keeney sequence Keeney sequence Keeney sequence Keeney sequence
Shumway Ranch Basalt Shumway Ranch Basalt Basalt of Cedar Mountain Basalt of Cedar Mountain Basalt of Cedar Mountain

Andesite of Wire Corral Shum-5 Andesite of Willow Spring Andesite of Spring Creek Andesite of Grey Stud Reservoir
Tims Pk Avery MP SC SC SC SK SK SK SK SK SK SK SK SK

BB100 BB101 BB102 BB103 AL198A KL277 KL280 MP-80 SC52 SC53 SC119 SK16 SK77 SK78 SK91 SK 9 SK11 SK19A SK20 SK76

57.01 57.66 57.41 57.21 57.67 63.65 65.00 64.81 61.15 61.83 60.39 61.21 60.44 60.41 61.92 57.26 57.23 57.31 57.18 56.93 
16.71 16.95 16.63 16.80 17.11 13.24 16.91 13.48 16.88 16.59 17.15 16.74 15.75 15.72 15.37 16.74 16.60 16.51 16.39 16.85 
1.435 1.458 1.434 1.446 1.456 1.20 1.24 1.215 1.118 1.101 1.072 1.091 1.044 1.133 1.024 1.461 1.460 1.471 1.460 1.489
8.06 7.72 7.62 7.68 7.53 9.59 3.42 9.55 6.02 5.96 6.05 6.29 6.31 6.16 5.93 7.40 7.88 7.90 7.99 7.86 
0.137 0.136 0.154 0.143 0.134 0.19 0.05 0.170 0.107 0.110 0.099 0.090 0.119 0.121 0.107 0.134 0.142 0.144 0.148 0.135
6.68 6.46 6.78 6.87 6.41 3.92 3.47 3.27 5.41 5.25 5.99 5.38 5.92 6.15 5.29 7.08 6.80 6.66 6.89 7.14 
3.14 2.80 3.03 3.12 3.05 0.77 0.57 0.51 2.21 2.02 2.41 1.90 3.61 3.57 3.06 3.27 3.24 3.31 3.26 3.11 
2.07 2.05 2.06 1.98 2.00 2.89 3.34 2.85 2.79 2.50 2.28 2.46 2.80 2.76 2.99 2.08 1.88 2.16 2.13 2.01 
4.23 4.23 4.36 4.21 4.11 4.20 †5.53 3.79 3.84 4.26 4.19 4.45 3.70 3.61 4.02 3.98 4.17 3.92 3.93 3.87 
0.527 0.540 0.531 0.535 0.529 0.36 0.44 0.363 0.478 0.381 0.374 0.385 0.316 0.356 0.292 0.586 †0.61 0.597 †0.62 †0.60 

8  11  12  10  10  2  9  0  9  9  12  10  46  30  35  16  13  11  13  16  
17  19  18  18  19  0  10  3  9  8  12  3  90  79  71  29  27  18  25  30  
24  24  24  25  27  26  19  13  20  14  17  16  18  23  16  24  19  26  22  22  

192  198  190  191  204  1  74  10  164  159  158  159  148  179  149  190  201  199  198  197  
886  934  1077  912  1523  1184  1152  1324  1316  1051  1295  988  1162  1615  735  906  995  868  †2762  1731  
34  35  34  31  30  76  57  81  46  48  35  45  60  63  74  31  31  34  36  31  

513  509  516  520  533  265  380  274  488  464  521  483  327  325  273  540  530  521  624  609  
211  211  208  209  212  316  323  312  209  205  199  207  196  198  208  206  204  205  208  210  
32  31  34  31  38  †63  †49  †56  25  24  24  27  31  31  30  31  36  30  32  33  
17.7 18.7 18.0 16.7 17.7 27.2 25.2 27.5 13.8 13.4 13.3 13.9 13.5 14.4 14.3 18.2 17.7 17.5 18.6 19.1
19  18  19  22  22  24  21  21  23  20  18  20  19  20  16  19  20  21  20  20  
36  27  33  37  24  0  9  0  17  21  26  40  40  44  38  46  31  38  38  26  
93  96  96  93  96  †148  103  †147  83  90  85  86  63  69  63  96  95  99  96  93  
6  7  6  6  8  15  10  14  8  10  7  7  5  8  8  7  4  8  7  5  

37  22  37  48  35  44  21  40  28  46  14  32  17  14  20  36  29  34  35  29  
77  69  56  68  56  81  88  89  45  47  57  52  55  49  56  71  69  63  46  57  

2  2  3  5  4  7  4  11  5  6  3  3  6  6  5  3  0  3  2  4  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Keeney sequence Jordan Ranch Type (high P)
Basalt of Cedar Mountain

Andesite of Skull Spring
MP AL AL AL SK SK SK SK SK SK WF Jord WF Jord WF Jord WF Jord WF Jord WF D

BB165 BB166 AL6 AL7 SK 8 SK73 SK84 SK85 SK88 SK90 HOR06 KL99 KL100* KL101 BB114 AYB414

53.80 54.23 55.15 54.66 54.79 56.98 54.69 54.94 54.93 55.42 56.17 57.31 57.63 57.45 55.70 56.87 
17.17 16.90 16.89 16.91 16.81 17.10 16.76 17.01 17.02 17.45 13.38 13.30 13.38 13.11 13.32 13.17 
1.172 1.217 1.309 1.315 1.217 1.159 1.206 1.237 1.221 1.257 2.626 2.339 2.364 2.307 2.608 2.344
8.28 8.20 7.67 8.05 8.06 7.03 7.63 7.75 7.63 6.94 11.79 12.06 11.29 12.02 12.01 11.68 
0.150 0.156 0.153 0.159 0.142 0.140 0.150 0.143 0.147 0.114 †0.24 0.229 †0.25 0.230 †0.29 †0.48 
8.57 8.60 8.40 8.28 8.36 7.55 8.33 8.42 8.38 8.88 6.85 6.00 6.22 6.15 6.89 6.41 
5.47 5.16 4.73 4.85 5.22 4.21 5.56 5.02 5.22 4.71 2.96 2.17 2.31 2.31 3.08 2.39 
1.26 1.33 1.41 1.43 1.45 1.80 1.47 1.37 1.37 1.30 2.00 2.36 2.50 2.31 2.18 2.42 
3.68 3.72 3.78 3.84 3.52 3.67 3.75 3.67 3.64 3.47 3.23 3.41 3.25 3.34 3.18 3.41 
0.452 0.482 0.502 0.513 0.443 0.358 0.451 0.448 0.452 0.454 †0.76 †0.82 †0.82 †0.78 †0.74 †0.83 

65  58  42  43  71  48  71  72  70  86  0  0  0  0  0  0  
136  128  84  87  107  60  105  112  104  109  7  4  1  5  9  4  
23  25  29  46  26  24  27  27  28  31  30  33  31  29  35  28  

223  236  246  242  224  190  223  225  223  223  247  91  114  109  248  134  
593  622  743  789  832  791  861  898  1001  932  880  872  1086  885  857  1050  
15  19  20  19  18  29  19  16  18  19  58  63  59  59  57  62  

499  492  481  492  514  476  502  521  514  542  341  333  350  327  328  339  
149  152  157  162  140  170  139  140  138  144  207  234  235  227  202  228  
26  26  27  28  25  24  22  23  23  24  44  †49  †50  †48  †46  51  
11.2 12.1 11.2 11.3 8.4 12.5 10.4 9.4 10.4 10.0 16.1 21.7 21.4 24.5 19.1 19.4
17  20  19  20  18  20  18  19  20  22  26  22  25  20  24  24  
72  69  63  49  64  58  59  60  55  54  5  0  1  0  0  0  
82  84  88  89  85  79  84  83  83  83  †148  †153  †157  †149  †142  161  
2  5  6  4  4  5  4  2  5  8  6  4  6  7  6  9  

17  27  19  21  24  25  22  23  22  8  34  47  46  42  26  27  
39  29  49  48  28  53  41  43  39  36  54  53  86  69  68  75  

2  0  3  0  0  1  2  0  0  1  7  5  10  10  6  8  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Devine Canyon Ash-flow Tuff

Juntura Stock.Mt Steml R Juntura AL MP AL SH SH MP MP MP MP SC SC SC SC SK WF E Jonesb I Wrangle

MF9414 MF9432 MF9444 MF9450 BB "Q" BB163 BB170 AL152 AL-157 MP 42 MP-101 MP-106 MP113A SC30 SC43 SC-88 SC120 SK-32 JJ Td AYB420 AXB706 91BO31

76.15 76.04 75.79 76.50 76.37 76.19 76.29 76.08 76.22 75.72 76.36 76.29 76.10 77.56 76.22 76.92 76.29 75.90 76.52 75.95 76.20 75.67 
10.92 11.18 10.82 11.05 10.88 11.13 10.96 10.85 11.19 11.21 10.87 10.90 10.82 10.55 10.88 10.97 10.92 11.51 11.03 10.90 10.95 10.80 
0.182 0.198 0.180 0.180 0.193 0.214 0.191 0.196 0.213 0.212 0.197 0.195 0.192 0.186 0.206 0.191 0.198 0.203 0.207 0.198 0.199 0.202
2.81 2.79 2.77 3.03 2.70 2.71 2.71 2.63 2.68 3.01 2.71 2.73 2.89 2.35 2.91 2.41 2.93 2.83 2.51 2.77 2.74 2.72 
0.059 0.066 0.062 0.039 0.058 0.056 0.058 0.064 0.065 0.059 0.066 0.060 0.060 0.041 0.055 0.036 0.050 0.064 0.063 0.052 0.059 0.063
0.25 0.45 0.68 0.24 0.36 0.36 0.30 0.58 0.33 0.18 0.27 0.16 0.26 0.18 0.31 0.14 0.20 0.23 0.29 0.23 0.23 0.63 
0.04 0.07 0.01 0.07 0.02 0.14 0.13 0.20 0.11 0.00 0.15 0.10 0.14 0.43 0.29 0.10 0.13 0.23 0.02 0.08 0.06 0.86 
5.76 6.48 6.23 4.58 5.08 4.79 5.07 4.68 5.45 5.78 5.69 5.94 4.97 4.34 4.49 4.63 5.51 5.75 5.37 †6.86 5.77 5.68 
3.81 2.69 3.43 4.28 4.27 4.39 4.26 4.67 3.66 3.78 3.59 3.60 4.55 4.34 4.58 4.58 3.75 3.25 3.96 2.90 3.77 3.30 
0.013 0.051 0.020 0.029 0.059 0.022 0.022 0.064 0.083 0.036 0.092 0.022 0.023 0.022 0.061 0.032 0.026 0.024 0.035 0.056 0.023 0.080

16  16  19  15  14  15  16  13  15  13  14  12  13  13  10  15  12  14  13  12  16  13  
1  3  3  1  1  16  10  0  0  3  4  0  0  4  1  0  0  0  0  1  2  0  
1  0  0  0  2  0  3  0  0  0  0  0  1  0  0  2  0  0  1  2  0  3  
0  0  0  0  2  7  6  8  1  5  6  0  2  13  0  1  0  10  12  0  0  5  

37  86  15  2  20  7  0  54  70  27  143  11  8  63  28  24  8  14  83  62  10  11  
152  147  160  151  149  133  150  150  140  142  145  145  142  129  148  141  146  145  132  144  139  140  

5  22  17  9  9  12  6  10  12  9  15  8  6  11  11  7  7  13  11  9  6  14  
†1095  †1006  †1146  †1146  †1097  †980  †1093  †1105  †1059  †1059  †1075  †1072  †1063  †980  †1056  †1039  †1061  †1144  †945  †1056  †1007  †963  
†165  †151  †173  †115  †153  †144  †159  †158  †143  †145  †150  †144  †147  †121  †125  †141  †151  †161  †133  †147  †139  †134  

†95  †88  †100  †99  †95  †85  †95  95.8 †93  91.1 †92  †91  90.9 83.9 92.1 †90  90.1 †97  †81  89.9 86.6 82.1
26  †28  †28  27  †30  †31  †32  30  †28  29  †28  †31  30  29  29  †28  30  †30  †33  31  32  31  
4  6  9  7  1  3  2  5  6  1  5  6  0  3  1  6  0  6  5  1  5  1  

†244  †225  †263  †229  †242  †221  †247  254  †240  230  †244  †240  240  209  245  †232  237  †257  †217  231  225  213  
32  28  33  29  33  28  32  33  32  31  33  32  32  28  31  27  30  35  26  31  30  28  
95  95  87  68  95  93  88  99  81  93  109  76  97  91  107  107  103  103  93  109  

242  271  253  204  224  222  239  219  236  213  230  176  191  207  228  236  207  222  215  215  
16  15  16  16  15  12  14  13  17  11  16  14  11  12  12  15  12  15  14  10  12  11  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Sourdough sequence

Harper Ol Basalt 1 Harper Ol-basalts 2 Harper Ol-basats 3
Harper Harper Harper Harper Harper Namorf ENamorf FHarper BHarper AL Valley L Valley Keeney L Valley GKeeney Harper DKeeney

KL252 KL253 BB109 BB110 BB111 AYB204 AYB205 AYB206AYB208AYB405AYB408 AYB219 AYB415 AYB216 AYB207 AYB214

48.67 48.93 48.71 50.97 49.62 48.88 52.47 51.44 51.07 48.39 54.44 55.58 49.10 51.82 50.30 52.11 
15.61 15.58 16.06 15.91 15.88 17.48 16.39 15.43 16.23 16.91 16.70 16.80 17.47 16.76 16.59 16.16 
1.77 1.74 1.718 1.696 1.783 1.112 1.077 1.610 1.565 1.157 1.184 1.226 1.912 1.721 1.888 2.023

11.17 11.11 10.44 9.71 9.86 9.39 9.41 9.87 9.41 9.58 8.36 8.07 12.40 9.85 10.61 10.18 
0.18 0.18 0.179 0.155 0.202 0.163 0.202 0.172 0.174 0.178 0.149 0.155 0.235 0.155 0.189 0.166
9.39 9.66 9.82 9.37 10.36 9.88 10.58 9.55 10.23 11.04 8.46 7.94 10.81 9.32 9.49 8.99 
9.72 9.07 9.18 8.05 8.52 9.54 5.92 7.96 7.33 10.00 5.70 4.67 4.07 5.32 6.00 5.24 
0.67 0.68 0.89 1.01 0.75 0.66 0.66 1.02 0.93 0.34 1.46 1.44 0.63 1.06 0.88 1.09 
2.44 2.64 2.61 2.75 2.65 2.62 3.02 2.62 2.73 2.19 3.19 3.70 2.83 3.40 3.40 3.33 
0.38 0.39 0.392 0.377 0.382 0.278 0.269 0.324 0.316 0.201 0.348 0.413 0.539 0.597 †0.65 †0.69 
138  143  139  127  138  170  51  125  84  137  87  35  115  57  97  44  
343  337  290  269  327  135  240  301  212  289  140  59  106  116  120  108  
36  33  34  28  33  32  34  30  31  35  25  24  36  27  29  29  

238  217  231  225  243  219  250  235  236  237  207  203  293  263  260  267  
276  301  318  371  309  254  417  406  480  196  613  727  541  650  482  728  
11  12  9  14  7  9  10  20  17  3  20  21  7  11  9  12  

232  245  340  253  255  393  351  253  258  203  491  480  315  536  520  493  
115  117  119  122  116  73  86  113  107  60  140  161  113  163  123  167  
27  28  28  28  27  19  24  26  24  21  20  26  43  27  25  29  
15.4 14.9 16.4 16.2 14.3 6.9 6.1 15.6 14.5 7.7 10.7 11.2 17.7 16.1 11.9 17.6
18  16  16  18  18  15  20  17  18  16  20  17  21  20  23  21  
66  60  56  55  57  85  114  56  56  87  64  52  104  39  52  45  
85  86  80  78  81  73  92  78  82  64  82  89  129  97  98  105  
1  0  0  1  1  3  3  3  3  1  4  6  0  4  5  2  

15  4  9  10  17  19  4  18  6  0  24  36  22  18  15  19  
37  45  37  18  44  19  26  19  26  2  28  52  43  60  37  60  

3  0  0  1  0  1  2  1  3  3  3  2  2  3  3  6  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Sourdough sequence

 Poison Creek Ol Basalt Rock Spr Sourdough Mts Kern Top
Avery TP Poison Poison Poison S Mal C SK Rk Spr* Rk Spr C Poison RckSpCr Kern Top* SK SK SH

KL279* TP103 KL288 KL289 KL290 KL27 SK48 KL321 KL322 KL324 KL325 KL110 SK65 SK72 BB104

49.43 49.11 46.75 48.42 47.45 47.74 49.35 47.87 47.83 47.54 46.97 47.57 48.55 48.94 48.97 
16.34 16.83 15.60 15.57 15.48 16.35 14.78 16.24 16.28 16.17 15.44 15.20 16.36 16.27 15.89 
2.02 2.129 †2.69 2.03 2.52 1.888 †2.68 1.61 1.61 1.71 2.34 †2.71 2.468 2.431 2.039

11.15 11.74 14.01 13.24 13.53 12.82 13.99 10.88 10.76 12.15 12.69 13.15 11.76 11.88 10.85 
0.18 0.181 0.18 0.23 0.21 0.224 0.228 0.19 0.19 0.20 0.20 0.221 0.194 0.216 0.191
9.36 8.99 9.21 9.24 9.59 9.69 9.89 10.73 11.00 10.24 10.69 9.58 9.46 9.21 10.32 
6.64 5.87 7.79 6.32 6.62 7.04 5.13 8.87 8.70 8.28 8.16 6.76 6.04 5.76 7.82 
0.97 1.04 0.61 0.92 0.83 0.89 0.56 0.54 0.64 0.51 0.47 0.80 0.93 0.99 0.71 
3.32 3.49 2.62 3.43 3.20 2.87 3.01 2.70 2.63 2.71 2.58 3.04 3.40 3.49 2.81 
0.57 †0.62 0.52 †0.62 0.56 0.495 0.397 0.37 0.38 0.47 0.46 †0.97 †0.84 †0.80 0.397
83  66  83  43  64  58  47  130  127  88  107  84  61  66  91  

152  95  117  42  70  89  156  234  229  151  217  158  112  2676  215  
28  27  32  38  34  45  40  42  38  41  39  35  26  24  36  

268  290  289  390  343  280  387  270  262  280  308  270  287  313  275  
556  902  360  480  437  406  310  240  268  229  270  2152  789  1027  515  
12  11  9  13  12  12  9  9  10  9  7  13  8  9  8  

482  499  249  410  324  318  315  241  252  239  251  397  535  551  238  
149  151  154  108  153  117  186  97  99  95  138  217  169  167  166  
29  32  37  33  37  34  †47  28  25  30  35  †48  35  37  34  
16.5 17.8 20.1 14.9 19.5 20.1 12.5 14.4 14.7 12.2 16.6 †35  18.5 19.9 14.4
17  23  18  22  21  21  21  19  14  15  19  19  17  17  20  
41  42  76  111  65  34  †257  69  61  68  66  35  33  37  59  

103  106  117  117  †121  104  †124  80  84  90  101                                            †125  †124  †176  89  
4  4  0  2  2  0  4  0  0  0  4  0  2  3  2  

36  23  15  7  15  19  8  0  4  0  13  42  27  20  15  
52  37  46  30  34  40  47  22  35  38  32  63  66  50  32  

1  2  1  2  1  0  0  4  0  1  0  4  1  0  1  



Loc

Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th
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Sourdough sequence

Indianhead Mountain Andesite of Dixie Creek
IHM IHM IHM IHM IHM IHM IHM IHM IHM IHM Darrows Dixie Cr Dixie Cr Dixie Cr Dixie Cr Dixie Cr

KL13 KL19 KL294 KL296 KL297 KL298* KL12 KL14 KL15 KL17 KL90 KL200 KL202 KL203 KL204* KL205

47.50 48.60 46.82 48.13 48.76 48.04 48.74 49.30 51.66 46.74 50.23 61.72 61.90 61.51 63.22 63.19 
16.11 16.41 18.50 17.25 18.44 16.53 19.12 17.92 18.02 16.72 17.43 17.37 17.31 17.42 17.00 17.09 
2.167 2.265 1.88 1.42 1.64 2.22 1.690 1.617 1.573 2.423 1.533 0.86 0.82 0.82 0.75 0.75 

11.97 13.32 11.63 10.42 12.17 11.43 11.36 10.61 9.61 12.60 10.82 5.36 5.15 5.35 4.72 4.69 
0.187 0.133 0.19 0.17 0.13 0.19 0.168 0.154 0.104 0.206 0.155 0.13 0.16 0.08 0.12 0.11 

10.22 10.59 11.69 10.89 10.39 10.55 9.73 9.27 9.06 10.54 9.35 5.18 5.21 5.18 4.82 4.87 
8.05 4.63 4.44 8.68 4.50 7.13 4.58 6.52 4.23 6.93 5.31 2.40 2.42 2.51 2.07 2.14 
0.54 0.18 0.80 0.28 0.49 0.56 0.23 0.56 1.26 0.28 0.97 2.28 2.20 2.09 2.65 2.41 
2.56 3.10 3.39 2.30 2.93 2.63 3.75 3.45 3.90 2.83 3.64 4.34 4.50 4.70 4.33 4.43 

†0.69 †0.77 †0.63 0.47 0.56 †0.72 †0.64 †0.61 0.594 †0.73 0.574 0.37 0.34 0.34 0.31 0.31 
104  99  106  130  110  106  92  81  80  99  91  21  25  32  21  22  
189  171  201  199  205  195  96  90  91  181  95  20  18  19  18  17  
40  35  47  38  44  38  26  27  28  41  33  10  4  5  3  7  

290  296  287  240  275  308  281  263  274  325  260  103  106  108  92  89  
242  173  511  197  311  272  199  414  610  203  413  1027  1034  957  1168  1140  

5  1  16  4  8  5  1  5  15  3  13  27  24  22  28  24  
404  449  338  283  329  414  599  513  625  451  564  624  602  623  559  561  

88  93  90  74  81  88  137  129  132  144  129  165  162  158  168  169  
26  27  30  23  27  28  26  26  26  32  24  24  22  22  25  26  
7.9 10.0 8.3 6.8 7.2 9.2 10.8 11.8 10.1 14.5 11.2 8.4 7.3 7.4 8.2 8.5

20  18  13  13  13  19  20  16  17  22  20  23  21  16  19  19  
76  19  94  74  86  110  41  15  25  63  70  42  41  47  40  40  
95  96  89  75  90  100  98  96  88  114  93  91  87  87  80  82  
0  4  1  2  3  0  0  5  1  2  3  7  8  6  7  9  

22  9  14  15  16  5  30  16  11  18  1  17  8  20  20  27  
41  31  22  25  21  47  31  43  45  57  33  50  41  46  46  51  

1  2  0  3  3  0  1  1  3  0  2  1  1  3  2  2  
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Sample

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

VALE PROJECT ANALYSES

Kivett sequence

Kivett Basaltic Andesite Kivett Andesites Kivett Basalt
Dixie Kivett Kivett Kivett Kivett Kivett Willow CrWillow CrMal ButteMal Butte BRS BRS BRS Ironside W Vale Brogan* Brogan* Brogan* Brogan Harper
KL KL KL KL KL KL KL KL KL KL KL KL KL KL KL KL KL KL KL KL
335 067* 068 069 070 071 314 315 329* 330 239 240 060* 317 328 238* 320* 313* 061 257

55.15 57.01 57.43 56.67 57.28 57.34 61.12 60.10 59.44 68.40 58.44 58.47 58.29 66.49 59.89 47.19 49.45 50.24 49.53 49.91 
18.84 18.37 18.23 18.98 18.28 18.47 17.59 18.96 18.02 15.77 17.90 17.98 18.12 16.33 14.37 13.85 16.35 16.87 16.62 17.68 
1.38 1.010 1.012 1.057 1.008 1.023 0.86 0.87 0.94 0.82 1.05 1.05 1.053 0.64 2.52 1.70 1.47 1.71 1.406 1.26 
7.05 6.80 6.57 6.87 6.69 6.98 5.68 5.37 5.65 5.87 6.65 6.68 6.70 3.90 8.09 8.92 9.96 10.03 9.93 9.68 
0.14 0.128 0.136 0.136 0.146 0.162 0.12 0.09 0.12 0.12 0.13 0.13 0.134 0.06 0.07 0.16 0.17 0.18 0.176 0.14 
7.25 6.49 6.71 6.58 6.46 6.28 5.47 6.24 5.34 2.31 6.03 6.03 6.00 4.35 7.66 10.92 9.63 8.14 9.70 9.92 
3.83 3.19 3.04 3.09 3.16 2.63 2.32 2.18 2.67 1.45 2.78 2.75 2.79 1.94 1.71 12.69 7.51 6.12 7.42 7.74 
1.81 1.94 1.82 1.63 1.90 1.92 2.04 1.39 2.63 2.95 1.86 2.10 1.96 1.51 1.98 1.41 1.58 2.57 1.51 0.53 
4.07 4.59 4.49 4.53 4.58 4.69 4.46 4.53 4.71 2.02 4.69 4.37 4.45 4.54 3.06 2.52 3.32 3.44 3.13 2.81 
0.47 0.468 0.564 0.464 0.500 0.491 0.33 0.27 0.47 0.29 0.44 0.44 0.505 0.26 †0.65 †0.63 0.55 †0.70 0.584 0.31 
35  21  22  24  23  27  16  6  24  31  20  17  17  19  20  305  94  77  97  151  
32  34  36  37  36  36  21  6  29  48  30  24  24  16  144  621  230  213  265  142  
18  16  14  14  15  14  11  7  14  16  14  11  13  6  31  26  24  20  31  32  

133  96  110  100  92  108  90  83  88  102  98  93  106  75  236  207  179  143  186  233  
750  759  1047  866  798  853  946  555  805  741  777  832  785  564  815  510  550  846  910  225  
32  39  29  22  36  39  32  22  60  113  33  36  33  33  44  27  35  62  36  8  

760  760  780  783  763  771  593  701  650  222  635  642  642  703  236  †893  531  551  517  371  
208  191  189  196  188  193  145  153  280  202  156  156  161  136  205  193  176  222  154  80  
18  16  17  16  17  18  18  18  17  37  20  17  18  11  39  22  24  24  24  22  

†45  †38  †39  †40  †38  †39  24.7 12.3 †65  20.4 †36  †36  34.7 11.1 27.0 †45  †51  †72  †48  6.5
15  16  16  19  16  17  18  19  18  24  18  15  18  16  17  12  12  12  14  17  
23  30  25  12  39  30  21  13  21  34  33  27  28  16  35  76  31  13  42  100  
73  70  70  74  66  75  64  91  57  104  71  70  69  54  90  69  73  62  73  79  
6  0  2  3  2  5  6  4  3  18  6  4  5  11  9  3  0  0  0  0  

30  36  22  23  30  34  32  11  32  40  21  11  1  30  22  34  19  41  36  0  
66  41  50  49  57  58  37  36  82  74  44  49  49  48  43  68  68  64  49  16  

4  5  4  2  3  2  2  2  4  10  2  2  2  6  5  4  5  5  3  1  



22001 Vale Project L Steens.xls

Vale Project Vale Project

Lower Steens Mountain Basalt Lower Steens Mountain Basalt

MF 9463 MF 9464 MF 9465 MF 9466 MF 9467 MF 9468 MF 9469 MF 9470MF 9471aMF 9471bMF 9471cMF 9472 JS 2 JS 3 JS 4 JS 5 JS 6 JS 7 JS 8 JS 9 JS10 JS11 JS12 JS13 JS14 JS15

Height 6480' 6545' 6550' 6552' 6670' 6800' 6810' 6790' 6790' 6790' 6820' 6940' 6960' 6980' 6985' 6995' 7010' 7020' 7025' 7050' 7060' 7065' 7080' 7090' 7120'

 SiO2  49.71 49.85 49.45 49.34 50.24 50.90 49.43 49.88 49.01 48.91 49.15 49.42 50.15 50.78 49.06 49.40 50.42 49.06 49.97 50.16 48.93 48.03 48.83 48.82 49.29 50.21 
 Al2O3 16.27 18.39 14.71 14.32 14.77 16.09 14.77 18.11 15.51 16.55 15.34 14.22 14.66 16.16 14.35 16.84 16.44 14.89 14.76 14.92 14.71 15.79 15.16 13.39 14.36 15.06 
 TiO2  2.225 2.091 2.033 1.811 2.321 1.961 1.812 1.969 2.235 2.217 2.227 1.674 1.936 1.982 1.786 1.923 2.043 †2.66 2.243 2.197 2.485 1.798 2.033 1.722 1.629 1.727
 FeO* 11.19 9.84 11.49 11.06 11.81 9.76 10.37 9.53 11.66 11.24 11.41 10.72 10.63 9.94 10.89 10.38 9.96 12.82 11.20 11.15 11.99 10.96 10.95 11.34 10.68 10.12 
 MnO   0.166 0.162 0.181 0.179 0.180 0.167 0.170 0.155 0.185 0.176 0.185 0.181 0.179 0.169 0.177 0.166 0.167 0.197 0.184 0.168 0.192 0.172 0.181 0.185 0.175 0.176
 CaO   9.26 10.62 9.18 9.88 10.23 10.32 10.28 10.42 10.16 10.13 10.21 9.92 10.60 10.33 9.99 10.78 10.65 10.43 10.83 10.63 11.08 10.74 11.36 9.60 10.37 10.82 
 MgO   6.96 5.03 8.89 10.09 6.51 7.01 9.82 6.01 7.31 6.64 7.52 10.72 8.57 6.93 10.66 7.12 6.66 6.29 7.43 7.31 7.33 9.79 8.58 12.02 10.74 8.94 
 K2O   0.88 0.60 0.89 0.64 0.79 0.69 0.56 0.59 0.69 0.69 0.74 0.51 0.66 0.68 0.57 0.50 0.67 0.53 0.61 0.70 0.54 0.28 0.36 0.57 0.37 0.39 
 Na2O  3.02 3.14 2.85 2.45 2.87 2.87 2.58 3.04 2.94 3.14 2.93 2.44 2.39 2.78 2.31 2.67 2.76 2.81 2.52 2.52 2.48 2.26 2.33 2.14 2.22 2.36 
 P2O5  0.315 0.290 0.329 0.232 0.279 0.227 0.207 0.286 0.296 0.311 0.296 0.213 0.228 0.235 0.209 0.222 0.234 0.310 0.265 0.253 0.263 0.182 0.214 0.205 0.171 0.192
 Ni    112  101  215  261  94  134  248  107  119  115  126  240  176  137  285  146  120  85  113  120  120  261  164  345  280  188  
 Cr    160  189  500  650  296  274  463  153  238  183  241  606  489  278  461  292  281  296  330  329  276  424  407  890  592  404  
 Sc 27  25  27  30  36  28  28  28  32  33  40  36  25  24  24  24  25  34  34  35  33  26  35  31  27  31  
 V     338  296  289  311  347  324  298  311  376  338  381  290  323  321  291  294  322  374  366  362  390  302  351  299  293  320  
 Ba 243  238  263  203  205  175  148  196  238  242  216  150  187  189  136  167  178  235  148  143  106  66  77  138  92  105  
 Rb 12  8  15  11  12  15  12  11  10  7  12  9  12  12  10  8  12  5  11  16  8  3  6  10  7  7  
 Sr 432  476  399  327  346  309  300  486  407  451  408  340  330  310  314  378  360  347  336  337  322  302  285  301  243  257  
 Zr 161  150  151  132  165  138  127  140  148  159  149  117  138  140  126  138  140  183  154  154  165  122  134  123  109  115  
 Y 30  27  28  26  31  29  26  25  30  30  29  23  26  28  25  26  28  36  30  31  32  25  28  24  23  26  
 Nb 14.4 12.7 13.8 10.4 12.8 10.9 10.9 11.5 11.4 12.0 11.2 10.4 10.4 11.0 9.7 10.8 11.2 14.9 12.2 12.4 15.4 10.4 12.5 9.7 8.8 8.9
 Ga 20  22  22  18  22  20  18  20  20  18  19  19  22  20  19  23  23  24  19  22  20  19  18  18  20  19  
 Cu †226  †185  104  129  †185  †166  109  147  149  136  †169  121  126  †150  116  148  †161  †234  149  †207  132  113  127  118  †176  †173  
 Zn 91  88  92  90  91  85  83  87  101  92  103  86  89  84  87  81  85  99  91  95  99  86  88  88  90  90  
 Pb 1  3  1  3  1  0  1  2  3  3  0  0  0  2  4  0  4  0  2  2  1  0  0  2  1  2  
 La 13  12  8  14  10  4  0  0  9  11  3  14  0  16  6  5  11  20  23  3  11  5  16  9  7  4  
 Ce 33  43  34  20  29  29  29  22  22  13  37  25  30  28  30  32  35  56  40  33  50  28  27  17  13  27  
 Th 1  0  2  1  1  4  1  2  1  3  5  3  1  3  1  0  1  4  1  3  2  3  1  3  2  1  
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Height

 SiO2  
 Al2O3 
 TiO2  
 FeO*
 MnO   
 CaO   
 MgO   
 K2O   
 Na2O  
 P2O5  
 Ni    
 Cr    
 Sc
 V     
 Ba
 Rb
 Sr
 Zr
 Y
 Nb
 Ga
 Cu
 Zn
 Pb
 La
 Ce
 Th

JS16 JS 17 JS 18 JS 19 JS 20 JS 21 JS 22 JS 23 JS 24 JS 25 JS 26 JS 27 JS 28 JS 29 JS 30 JS 31

7130' 7140' 7235' 7260' 7280' 7350' 7380' 7420' 7470' 7500' 7550' 7560' 7600' 7600' 7600' 7580'

49.61 50.57 50.23 51.56 51.57 50.72 49.49 49.86 50.19 48.87 49.50 49.66 49.37 50.07 49.44 49.25 
14.87 14.82 15.26 15.32 14.69 14.73 16.13 16.28 15.02 15.84 15.88 16.65 15.95 17.39 15.15 16.56 
1.825 1.823 1.827 †2.77 †2.72 †2.72 1.845 1.978 2.639 2.087 2.007 1.630 1.890 2.031 2.236 1.941

10.21 9.55 10.13 11.02 12.01 12.02 10.16 10.45 11.51 11.22 10.61 9.62 11.56 10.24 12.07 11.09 
0.168 0.170 0.165 0.190 0.196 0.197 0.166 0.168 0.196 0.179 0.181 0.165 0.175 0.168 0.199 0.186

10.24 10.05 10.30 9.19 8.81 9.27 10.50 9.76 10.07 10.16 10.01 10.39 9.02 9.82 9.27 9.69 
9.87 9.76 8.61 5.15 5.22 5.68 8.44 7.73 6.23 7.99 8.16 8.41 8.05 6.05 7.50 7.53 
0.53 0.59 0.68 1.17 1.38 1.09 0.48 0.59 0.68 0.53 0.52 0.59 0.64 0.67 0.69 0.72 
2.45 2.46 2.60 3.25 3.01 3.17 2.58 2.96 3.17 2.89 2.89 2.68 3.06 3.27 3.14 2.74 
0.225 0.213 0.207 0.376 0.394 0.390 0.190 0.233 0.309 0.243 0.251 0.205 0.285 0.297 0.302 0.289
260  261  196  57  50  59  192  158  75  163  162  179  125  82  103  116  
484  474  385  76  108  132  321  167  176  297  269  333  177  86  141  137  
27  29  34  31  29  34  31  27  36  30  27  28  27  27  32  32  

303  293  300  390  377  406  309  294  412  354  337  296  336  329  408  320  
147  139  131  287  363  286  89  149  197  140  139  129  223  224  228  262  

9  13  12  20  25  21  6  9  6  8  5  8  10  9  9  13  
303  296  303  390  379  374  342  380  360  370  391  402  448  490  430  568  
129  125  128  189  198  190  120  131  169  133  125  109  125  134  138  130  
26  25  26  35  38  38  25  25  34  27  26  23  24  27  29  28  
10.7 11.2 10.9 15.7 18.0 14.9 9.4 10.9 13.2 10.1 9.6 8.1 7.1 9.9 9.3 7.2
21  17  18  24  21  22  21  21  20  22  22  20  22  23  21  19  

†162  †179  125  †223  †184  †171  84  †186  †200  148  147  103  †214  148  †227  †189  
85  82  84  107  113  110  82  88  110  96  96  84  102  101  107  95  
0  2  1  1  4  2  0  2  2  0  0  1  0  0  3  0  

19  6  16  14  24  6  6  7  11  11  14  17  0  22  13  17  
43  37  44  55  67  51  26  32  49  37  42  22  31  39  36  40  

1  1  0  0  3  5  1  1  1  3  1  0  3  0  3  1  
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