














81

shallowness of northern Cache Valley (~750 m) (Hennings, 2002) and exposures of Salt
Lake at the surface suggests that Cache Valley subsided significantly less than southern
Marsh Valley and thus accumulated little sediment during Plio-Pleistocene time.

Straths cut on the Portneuf footwall block were abandoned as uplift and
subsequent downcutting progressed. East of the fulcrum of zero displacement (Leeder
and Gawthorpe, 1987) on the Portneuf footwall, southward flowing axial streams incised
Paleozoic bedrock away from the locus of maximum uvplift (Fig. 26e).

Incised valleys were occasionally back-filled as accommodation in southern
Marsh Valley decreased or as tectonically influenced base level increased. Break-up of
the Portneuf footwall by left-stepping to the MCHEF resulted in 1200 ft of differential
offset between straths of the Portneuf Range and SW spur blocks. The lack of resistant
Brigham Group Quartzites in boulder fill suggests that during deposition of boulder beds
Neoproterozoic rocks in the footwall of the MCHF had not yet been breached (Fig. 26f);
however, at present time the Brigham Group is exposed at an elevation 400 ft greater than
that of the strath cut on the SW spur (located on the hanging wall of the MCHF). Incised
valleys that had been cut in Paleozoic and Tertiary strata of the Portneuf footwall were
then back-filled as a feature of the nascent hanging wall of the MCHF. Exposures of
basalt and quartzite boulders on the horst of the SW spur are interpreted to represent
back-filling of a bedrock incised valley to a maximum fill elevation marked by the 5800
ft elevation boulder train (640 ft below the level of the down-faulted strath on hanging
wall of the MCHF).

No evidence of Plio-Pleistocene boulder fill (i.e. Yago Creek basalt) south of Red

Rock Pass is observed. It may have been buried by younger deposits, eroded away, or



82

never transported that far south. The latter is preferred, and I suggest that movement
along the MCHF (Fig. 14) and development of an antithetic accommodation zone,
between the west-dipping MCHF and the east-dipping Oxford-Dayton fault, channeled
sediment to the west into the rapidly subsiding southern Marsh Valley. This
interpretation is supported by a westward fining of Plio-Pleistocene boulders toward
Marsh Valley, shallowness of the northern Cache Valley basin, and westward trending
paleo-channels cut in the Salt Lake Formation (Plate 1 & Fig 26f).

North of the zone of active Quaternary Basin and Range faulting (“Belt III”” of
Pierce and Morgan, 1992) and the study area, absence of post-7.3 Ma faulting (Rodgers
et al., in press) suggests that isolation of straths was not a result of rejuvenated Basin and
Range faulting. Basin emptying was likely a response to a decrease in base level
associated with SRP subsidence (Rodgers et al., in press). Streams graded to the Snake
River, removed basin fill, headwardly eroded southward, and progressively captured
drainages that previously flowed south toward the Bonneville basin (Bobo, 1991).
Therefore, it is possible that incision and capture of south flowing streams in southern
Marsh Valley (this study) was not a result of movement along the Portneuf Range-front

fault, but a result of regional base level drop.

6.3 Summary of Late Cenozoic Structural Development of Southern Marsh Valley
Rodgers and Janecke (1992) proposed that pre-Miocene tilting and thrusting of

Paleozoic rocks in SE Idaho was localized to regions where hanging wall rocks overlie

frontal and lateral-ramps (e.g. Malad frontal-ramp). Adjacent hanging wall strata were

largely undeformed and flat lying. In the study area this interpretation is supported by the
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parallelism between Miocene Salt Lake strata and Cambrian limestone. Therefore,
bedding orientations of Paleozoic strata, fault contacts, Miocene and Quaternary strata,
and topography of southern Marsh Valley are most directly a result of Late Cenozoic
structural evolution.

Structural development in southern Marsh Valley is manifested in no fewer than
three discrete tectonic events, which can be related to regional tectonic events including
ENE migration and detumescence of the Yellowstone Hot Spot (YHS), subsidence of the
Snake River Plain, and extensional tectonics of the Basin and Range Province.

Sometime from ~16-12 Ma, regional extension north and south of the Snake
River Plain resulted in Neogene basins in which the Starlight and Salt L.ake Formations
accumulated. Further south in southern Marsh Valley and Cache Valley, Janecke and
Evans (1999) propose that WSW extensional basin development began ~12 Ma and
formed in response to movement along the Bannock Detachment System

Salt Lake strata of the Red Rock sub-basin are not inconsistent with the
conclusions by Janecke and Evans (1999) that suggest SE Idaho and N Utah were
extended WSW along the Bannock Detachment System (fault set 1). Salt Lake
Formation clasts are progressively reworked in stratigraphically higher position within
the Neogene fill suggesting break-up of the RRSB and syndepositonal faulting did occur.
However, I see no direct evidence that indicates faulting was in response to movement
along a detachment.

I interpret the Salt Lake Formation of the RRSB and Cottonwood Valley to have
accumulated in a single large WSW trending basin (Set 1 faults). Adjacent basins (e.g.

DCSB, southern Cache Valley) are younger and thinner and formed in response to lateral
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growth of the hanging wall basin in which Salt Lake strata of the RRSB and Cottonwood
had already been accumulating. The thick basal conglomerate may record an early minor
extensional pulse from >12 Ma, in which sediment accumulation superceded
accommodation and led to aggradation of axial streams.

A second major extensional pulse began ~12 Ma in the RRSB with deposition of
of the Cache Valley Member of the Salt Lake Formation. Post - 7.5 Ma extension rates
decreased or shifted away from the depocenter, resulting in incision of the lower units
and aggradation of the upper conglomerate. Locally, basins were filled to the
stratigraphic level of Ordovician strata.

Cessation of major extension along NW-striking faults likely occurred ~4 Ma
(Kruger et al., in review; Janecke et al., in review). During this time (Late Pliocene) of
relative tectonic quiescence, minor extension occurred along NE-striking, dominantly
north-dipping faults (set 2). Set 2 faults are documented north and west of the study area
(Riesterer et al., 2000; Rodgers and Othberg, 1999; Crane et al., 2000), and are suggested
by these authors to have formed in response to what Janecke and others (2000) called the
“Yellowstone-influenced strain field” (YISF). The YISF likely formed as a result of
detumescence of the YHS or downwarping of the Snake River Plain due to crustal
loading (McQuarrie and Rodgers, 1999). Relative tectonic inactivity likely migrated
northeastward through the region and is equivalent with current seismically inactive
regions characteristic of inactive faults of the northern Portneuf Range (Pierce and
Morgan, 1992).

The relative tectonic quiescence during this time (~4 — 2 Ma) also allowed graded

streams to cut straths on the tops of the ranges and bevel Salt Lake strata (Bright, 1960;
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Ore, 1982; Rodgers et al. in press). During peneplanation of SE Idaho, lag concentrates
of Ordovician Swan Peak Quartzite accumulated (Ore, 1999) alongside other locally
derived resistant rocks (i.e. Yago Creek basalt).

Rejuvenated NE-SW tectonism, basin formation, and deposition of a second
synrift deposit (i.e. Plio-quistocene boulders and formation of Marsh Valley) in southern
Marsh Valley began ~3 Ma (Kruger et al., in review). Uplift of the footwall block of the
NW-striking southern Portneuf Range-front fault (Set 3) isolated formerly graded straths
and contributed to the rapidly subsiding southern Marsh Valley. Subsequent downcutting
of the footwall incised Neogene basinfill in the RRSB and Paleozoic strata of the
Portneuf Range to the south toward Cache Valley, where movement along the Oxford-
Dayton fault was uplifting Oxford Ridge.

South of seismically inactive “Belt IV” (Pierce and Morgan, 1992) (Fig. 5), the
Portneuf Range-fault steps left to the MCHF. Development of an antithetic
accommodation zone between the MCHF and Oxford-Dayton fault at Red Rock Pass
may have resulted in capture of the paleo-Marsh Creek by the Marsh basin, down the
newly developed relay ramp between the MCHF and the Portneuf Range-front fault (fig
12 & 26f). Down-dip movement of the nascent hanging wall of the MCHF induced a
tectonic base level increase, resulting in back-filled incised valleys. Plio-Pleistocene
boulder beds fine westward toward Marsh Valley and are interpreted to be a proximal
facies of the formation of Marsh Valley documented by Kruger et al., (in review).
Faulting (Set 4) and folding within the relay ramp later offset and deformed Paleozoic

strata of the SW spur and truncated back-filled valleys.
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Conclusion

Geologic mapping of the Downey East 7.5 minute quadrangle and adjacent
Neogene basin provides evidence of multiple pulses of extension in SE Idaho. Two
syntectonic deposits are preserved, Miocene Salt Lake Formation and Plio-Pleistocene
boulders (QTg), recording two discrete extensional events. The earliest event
accommodated large-magnitude NE-SW extension. The Salt Lake Formation of the Red
Rock sub-basin and Cottonwood Valley accumulated in a single NW-trending rift basin
that younged and thinned north, south and west of the primary depocenter. Early
extension (>12 Ma) was characterized by deposition of a thick, coarse-grained, alluvial
conglomerate in the Cottononwood Valley, becoming more fluvial to the west (RRSB).
Deposition of a fine-grained facies from >11.8 Ma to <9.5 Ma formed as a result of
continued extension and formation of a lake that later included the DCSB to the north
(~9.5 Ma) and Cache Valley to the south (10.2 Ma). A reduction in extension rate (~9
Ma) resulted in deposition of an upper coarse-grained conglomerate until ~4 Ma when
basins became overfilled by sediment (Caroll and Bohacs, 1999) and an integrated fluvial
system was established.

Beveling of Salt Lake strata and Paleozoic bedrock formed strath surfaces that
were later abandoned with rejuvenated tectonicé. Plio-Pleistocene subsidence of southém
Marsh Valley, in part along the southern Portneuf Range-front fault, resulted in
deposition of a thick sequence of fluvial and lacustrine sediment (formation of Marsh
Valley) on the hanging wall and incision of Neogene basin fill and Paleozoic strata on the
footwall. The Portneuf Range-front fault stepped left ~2 Ma(?) to the Marsh Creek

Headwaters fault, resulting in backfilling of incised valleys with Plio-Pleistocene lag
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boulders. Interaction between the east-dipping Oxford-Dayton fault to the south and the
west-dipping Marsh Creek Headwaters fault formed an antithetic accommodation zone
that uplifted the Red Rock Pass region and isolated the rapidly subsiding Marsh Valley

from Cache Valley.
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Appendix A

Tephrachronology correlation data. Analysis by Drs. Mike Perkins and Barbara Nash,

University of Utah.
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Appendix A. Major element composition for 10 ryholitic ash samples, determined
through electron micro-probe tephrachronology dating method detailed in Perkins et al.
(1998). Twenty runs were done for each sample. Averages elemental weight percent and
oxide weight percent are listed at the end of the bulk data.

F O Na Mg Al Si K Cl Ca Ba Ti Mn Fe Total
Sample # wt%
0lded 0.02| 52.5] 1.11] 0.03] 5.95/ 33.6| 5.53{0.07| 0.37/0.01{0.06{ 0.04| 1.07|100.4
01ded 0.01} 53.4] 1.21} 0.03| 6.06| 33.8| 5.32|0.06] 0.39]0.02]|0.12] 0.03| 1.11{101.6
0lded 0.01} 53.5| 0.92] 0.04} 6.00] 33.0{ 5.28]|0.05] 0.41{0.07/0.10] 0.01{ 1.15}100.6
0lded 0.04] 53.2] 0.43| 0.04| 6.03] 34.0] 4.65/0.07| 0.40{0.03]0.10] 0.00] 1.15]100.2
Olded 0.07] 52.8] 1.11] 0.04| 5.96] 33.5] 5.23/0.07| 0.40[0.07]0.12} 0.02| 1.16| 100.6
0lded 0.07| 53.2] 1.08] 0.03] 6.00] 33.6| 5.32/0.05] 0.39/0.05|0.10] 0.06} 1.17]101.1
Olded 0.02] 53.0] 1.08] 0.03] 6.02] 33.9| 5.41|0.06{ 0.40{0.01/0.10| 0.02| 1.18}101.3
0lded 0.00] 52.2] 0.92] 0.04} 5.78] 32.9| 5.39/0.07{ 0.39/0.08/0.10{ 0.01} 1.18] 99.0
0lded 0.03] 53.1] 1.02| 0.03] 6.01{ 33.8] 5.58|0.06] 0.39{0.09|0.11] 0.01} 1.19{101.4
0lded 0.05] 54.9] 0.27| 0.04| 6.09] 34.3]| 4.11]0.05] 0.42{0.060.10] 0.04| 1.19]101.6
0lded 0.06] 52.6] 0.92] 0.03] 5.93| 33.5] 5.34{0.06] 0.40/0.04|0.14| 0.00{ 1.19]100.2
Olded 0.00] 52.7] 1.05] 0.03} 5.97| 33.9] 5.44]/0.06] 0.39]0.08}0.12{ 0.03| 1.20]101.0
0lded 0.03| 53.0} 1.13} 0.03] 5.96 33.4| 5.49/0.06] 0.39]0.04{0.11] 0.02{ 1.20/100.9
Olded 0.05| 53.6] 1.05] 0.04| 5.94] 33.5] 5.33]0.04{ 0.39/0.02|0.09] 0.01} 1.21{101.2
Olded 0.04| 53.3] 1.16] 0.03| 5.95] 33.6| 5.37]0.05} 0.4110.04{/0.08] 0.02{ 1.21]101.3
0lded 0.04] 53.4| 0.86] 0.02] 5.98| 33.8| 5.45|0.07{ 0.41]0.09/0.12{ 0.03| 1.22)101.4
01ded 0.07| 53.5] 1.01] 0.03]| 5.94| 33.5| 5.45|0.05| 0.40[0.02{0.13] 0.01| 1.22|101.4
0lded 0.03] 53.6| 0.89} 0.02] 5.96| 33.3| 5.44|0.05] 0.40[0.05]0.12] 0.04] 1.25{101.1
0lded 0.03| 53.2] 1.08] 0.03] 5.92| 33.7| 5.54/0.05| 0.41/0.06/0.11{ 0.01| 1.25]101.4
Olded 0.03] 52.9] 0.95{ 0.04] 5.95| 33.8| 5.58/0.06] 0.40]0.02|0.13| 0.04| 1.26/101.2

03ded 0.12] 52.8] 1.80| 0.05} 5.91| 34.2| 4.69|0.08} 0.37]0.08{0.10] 0.01{ 0.75{101.0
03ded 0.52| 51.9] 2.21 0.02] 6.27| 34.0] 4.83]|0.18] 0.38]/0.01]0.06{ 0.04] 0.94|101.4
03ded 0.15] 52.1] 1.95| 0.05] 5.96] 34.0] 4.92|0.04{ 0.40{0.06/0.16j 0.03] 1.15]101.0
03ded 0.07] 52.0| 1.88] 0.05] 5.95i 33.8] 5.02}0.05[ 0.40{0.08)0.15{ 0.03} 1.15]100.6
03ded 0.10] 51.2]| 1.87] 0.06} 6.02] 33.8] 4.75]0.02] 0.39/0.05/0.15] 0.04{ 1.16} 99.6
03ded 0.17{ 51.8] 1.24] 0.04] 5.90{ 33.6] 5.78|0.04{ 0.40{0.08|0.20| 0.02| 1.16/100.5
03ded 0.12] 52.0] 1.12] 0.07) 5.96} 34.1] 5.31/0.04] 0.40{0.05]0.19] 0.01] 1.18/100.5
03ded 0.11} 52.6] 1.77) 0.06| 5.94| 34.1] 5.16/0.05] 0.40{0.05}0.18] 0.01| 1.19]101.6
03ded 0.13{ 51.9] 2.11] 0.07] 6.02{ 34.0] 4.51]0.05| 0.41{0.08}0.14] 0.00] 1.20|100.6
03ded 0.10] 52.3] 1.83{ 0.04| 6.03] 33.9] 4.95]0.05} 0.39{0.05/0.17] 0.02} 1.23{101.1
03ded 0.12] 50.7} 1.55{ 0.04| 6.00] 33.9] 5.29/0.04{ 0.39{0.09|0.19] 0.03] 1.25| 99.6
03ded 0.14] 50.9] 1.64| 0.07) 6.09} 33.7] 5.32{0.03{ 0.40{0.01|0.17{ 0.06] 1.28] 99.8
03ded 0.14{ 49.9| 1.49] 0.05}] 6.04{ 33.6| 5.42|0.02{ 0.52/0.06]0.22{ 0.02] 1.42] 99.0
03ded 0.14| 51.9] 1.64] 0.10| 6.03} 33.1} 4.98{0.03] 0.57]0.03]0.25| 0.03| 1.47|100.3
03ded 0.16] 53.0] 2.10j 0.09] 5.99] 33.1| 4.24/0.03] 0.55{0.04|0.25] 0.01| 1.51]101.0
03ded 0.13) 52.8] 1.97] 0.09] 6.10] 33.4] 4.51]0.03| 0.57/0.03|0.24] 0.05] 1.52|101.4
03ded 0.16] 51.8] 2.09{ 0.09] 6.23] 32.9| 4.43|0.03] 0.62{0.05}0.22} 0.02| 1.57|100.2
03ded 0.15] 51.6} 2.15{ 0.10] 6.10] 33.2) 4.26/0.04] 0.65{0.07}0.17] 0.02| 1.64{100.1

10ded 0.15] 52.1] 1.91] 0.08] 6.11] 33.8| 4.73/0.01} 0.46/0.06/0.19| 0.01{ 1.22{100.8
10ded 0.06{ 50.7| 1.66] 0.07] 6.06] 33.6{ 5.31{0.03| 0.45/0.02]0.23] 0.02] 1.23| 99.4
10ded 0.08] 51.4| 2.15} 0.06| 6.06| 33.8] 4.49|0.03{ 0.46{0.01|0.24] 0.03| 1.23{100.1
10ded 0.08] 51.7] 1.99] 0.05] 6.01| 33.8| 4.76/0.04| 0.47]0.07}0.24] 0.05| 1.25|100.5
10ded 0.12] 52.2] 2.17] 0.07[ 6.04] 33.4| 4.43]0.04] 0.47([0.09]0.24] 0.04{ 1.28{100.6
10ded 0.14] 50.9} 1.78} 0.07| 6.10] 34.0] 5.05{0.03] 0.46]0.02{0.22) 0.01} 1.29{100.1
10ded 0.20| 51.6] 1.82[ 0.10| 6.11] 33.5] 4.81|0.03} 0.56(0.06| 0.19] 0.05] 1.35]100.5
10ded 0.17| 51.8] 1.95] 0.09{ 6.14 33.6 4.65|0.03| 0.56{0.08}0.24] 0.02| 1.36/100.7
10ded 0.13] 51.7] 1.79] 0.10] 6.19} 33.0| 4.88{0.03{ 0.54]{0.03]0.24| 0.02} 1.37{100.1




F O |Na [Mg |Al |Si |[K |Cl [Ca (Ba |Ti |Mn |Fe |Total
Sample #| wt%
10ded 0.13] 51.7] 2.10] 0.09| 6.15] 33.5]| 4.61]/0.04] 0.53]0.05}0.25] 0.01] 1.38(100.5
10ded 0.12| 51.2} 2.00f 0.09] 6.11] 33.3] 4.40]0.03] 0.55]0.08]0.20] 0.01] 1.39| 99.5
10ded 0.12] 51.5] 2.20| 0.10| 6.09] 33.2] 4.30}0.03| 0.55[0.02|0.20| 0.00] 1.39} 99.7
10ded 0.19] 51.5| 1.91] 0.08] 6.04{ 33.5| 4.76|0.04{ 0.52|0.04]0.24] 0.02] 1.41]100.2
10ded 0.16] 52.0] 2.12] 0.08] 6.06] 33.6{ 4.47/0.02| 0.54/0.09]0.21} 0.02] 1.41{100.7
10ded 0.11] 51.9] 2.09] 0.09] 6.16] 33.5] 4.43|0.03] 0.56{0.07}0.24] 0.06] 1.42]100.7
10ded 0.10{ 50.8| 2.01| 0.08| 6.16{ 33.5] 4.60|0.04{ 0.55/0.05{0.19] 0.04} 1.42} 99.5
10ded 0.06] 51.7| 1.80| 0.08} 6.08f 33.3] 4.92|0.03{ 0.54/0.05/0.21{ 0.03} 1.42{100.2
10ded 0.09] 51.7| 1.89] 0.10] 6.06| 33.3] 4.78|0.03{ 0.59{0.08]0.23] 0.00] 1.45/100.3
10ded 0.13] 50.8] 1.90| 0.10] 6.10} 33.3] 4.84]0.04| 0.56{0.07]0.22] 0.05] 1.50] 99.6
11ded 0.07] 51.3] 2.08] 0.08| 5.96{ 33.4]| 4.60/0.11 0.33]{0.080.19{ 0.06} 0.77| 99.0
11ded 0.17| 51.0] 1.71] 0.05] 5.94] 33.8| 4.99{0.11{ 0.43]0.05|0.12 0.06] 0.78] 99.2
11ded 0.08{ 51.1] 1.66| 0.07} 5.95| 33.9] 5.40/0.10{ 0.35/0.10]0.16| 0.04]| 0.84] 99.8
11ded 0.13]| 50.4] 1.78] 0.03| 6.04] 34.0§ 5.16/0.13] 0.37{0.03]0.12] 0.03] 0.89] 99.1
11ded 0.18] 52.7| 2.48| 0.09] 6.10] 34.2] 3.98/0.11| 0.39{0.03}0.19] 0.05] 0.93|101.4
11ded 0.15] 51.4] 2.47} 0.10] 6.18} 33.9] 4.35}0.11{ 0.42{0.04{0.19] 0.03} 0.93({100.3
11ded 0.12] 49.7] 1.75| 0.11] 6.09] 33.6] 5.32|0.08] 0.49]/0.06/0.25] 0.09] 1.04{ 98.8
11ded 0.14] 52.1] 2.26| 0.10| 6.16| 33.7| 4.45|0.09] 0.45]0.06]0.21} 0.05]| 1.05/100.8
11ded 0.07| 52.3} 1.89] 0.04| 6.00] 33.5| 4.42}0.05} 0.46{0.10|0.14] 0.03} 1.12{100.1
11ded 0.16] 51.4] 1.62} 0.05| 6.01] 33.9] 4.98/0.02{ 0.41{0.09]0.16] 0.02| 1.16/100.0
11ded 0.18] 51.8] 1.85] 0.03]| 5.98 33.9| 4.92/0.06| 0.47/0.02|0.10{ 0.00| 1.17|100.5
11ded 0.14 50.0] 1.71] 0.02] 5.94] 33.7] 5.00|0.08| 0.42]/0.06]0.15] 0.03] 1.20| 98.5
11ded 0.13| 51.3] 1.44] 0.09] 5.95| 32.9] 5.28]|0.04| 0.46{0.0110.21] 0.01} 1.21} 99.0
11ded 0.16] 51.7| 1.89| 0.04] 5.93] 33.5] 4.59]0.03| 0.50{0.09]0.16; 0.01] 1.37|100.0
11ded 0.23] 52.1] 1.93] 0.07| 6.01j 33.7] 4.68}0.02{ 0.60{0.10]0.21] 0.03} 1.46/101.1
11ded 0.05] 52.1| 2.12] 0.07} 6.05| 33.7| 4.18]0.03| 0.64/0.07]0.16] 0.02] 1.61}100.8
11ded 0.15§ 50.8] 1.96| 0.09} 6.17| 32.9] 4.40/0.03{ 0.81]0.06]0.21] 0.04] 2.08] 99.7
16ded 0.15| 52.4] 1.49| 0.08| 5.95] 32.9] 5.17]0.02| 0.58{0.02/0.21] 0.02| 1.54{100.5
16ded 0.14{ 51.4{ 1.87] 0.09] 6.17{ 33.0{ 4.77/0.02| 0.58]0.05]0.20] 0.04] 1.54| 99.8
16ded 0.16] 51.5| 1.44| 0.06| 6.02] 33.2] 5.23]0.02{ 0.56(0.05|0.24] 0.04] 1.55/100.1
16ded 0.14} 51.3] 1.83| 0.07] 6.15] 33.8] 4.88/0.03{ 0.59{0.06|0.23] 0.02] 1.55]100.6
16ded 0.21] 51.3| 1.69| 0.10] 5.90f 32.9| 5.01}0.02{ 0.56/0.07)0.25] 0.00} 1.56| 99.6
16ded 0.14] 51.3] 1.81} 0.07] 5.97] 33.0] 4.81]0.02{ 0.56]0.04/0.22] 0.05} 1.57| 99.5
16ded 0.24 51.4] 1.75| 0.07} 6.10] 33.5] 4.92|0.04{ 0.57/0.06]0.22] 0.00] 1.57| 100.4
16ded 0.16] 51.3] 1.47| 0.08] 5.96] 33.1] 5.28]0.03| 0.56{0.03]0.23| 0.03] 1.58] 99.8
16ded 0.10] 51.8] 2.11| 0.07] 6.04] 32.9] 4.40|0.04{ 0.55/0.00/0.23{ 0.04] 1.59] 99.9
16ded 0.17] 51.9| 1.83] 0.08] 6.02{ 33.5} 4.92/0.03| 0.58{0.05{0.22| 0.07| 1.59/100.9
16ded 0.18] 51.2] 1.74| 0.07] 6.02{ 33.0] 4.85/0.03[ 0.56/0.09]0.24{ 0.00] 1.59] 99.6
16ded 0.10] 50.6] 1.70| 0.08] 6.02] 33.1| 4.87/0.02| 0.60{0.05{0.19] 0.02] 1.61] 99.0
16ded 0.14] 51.4] 2.01| 0.07] 6.05| 33.5} 4.40|0.02] 0.57{0.05|0.20| 0.04| 1.61{100.1
16ded 0.12] 51.4| 1.86) 0.09] 6.07{ 33.0| 4.60]0.02| 0.58(0.06/0.21} 0.07| 1.61| 99.7
16ded 0.16 51.8] 1.95| 0.09] 5.98| 32.7] 4.70/0.02| 0.58]0.04/0.18] 0.04] 1.62| 99.9
16ded 0.24| 52.2] 1.92} 0.08] 5.95| 32.8] 4.35/0.02{ 0.56/0.07|0.21} 0.00} 1.64{100.0
16ded 0.20{ 51.0{ 1.74] 0.07| 6.08| 32.9] 4.77|0.02{ 0.57{0.04|0.22] 0.02] 1.66] 99.3
16ded 0.16] 52.3| 1.99] 0.11] 6.17{ 33.0{ 4.75{0.04| 0.67(0.08]/0.22{ 0.04| 1.68|101.2
16ded 0.20§ 51.4] 1.93] 0.09] 6.12] 32.6| 4.66/0.01| 0.65[0.13}0.24] 0.03] 1.73| 99.7
16ded 0.18} 52.7] 1.99{ 0.11] 6.13] 32.8] 4.34/0.03| 0.66]0.07]0.27] 0.02] 1.74]101.1
16ded 0.22} 51.9] 1.89| 0.09] 6.07] 32.8] 4.47|0.03] 0.71{0.07}0.25] 0.02} 1.76{100.3
17ded 0.14] 53.1| 1.32] 0.05] 5.92{ 33.5{ 5.24]0.06| 0.42|0.06]0.09/ 0.01f 1.11{101.0
17ded 0.07] 52.5] 1.36j 0.05| 5.93] 33.7] 5.35/0.04] 0.43}{0.03}0.16] 0.03| 1.19/100.8
17ded 0.09] 52.8] 1.54| 0.06] 5.88] 33.5] 5.25]0.03| 0.44/0.05|0.17| 0.04} 1.22]101.1
17ded 0.10| 52.5] 1.58 0.05] 5.87| 33.2} 5.15/0.03} 0.43]0.08/0.16] 0.01| 1.25|100.4
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F O ([Na [Mg |Al |Si |[K |Cl |Ca [Ba {Ti |Mn |Fe [Total
Sample #| wt%
17ded 0.11) 52.2] 1.38] 0.08] 5.92| 32.6} 5.18|0.03| 0.56{0.08|0.20] 0.07| 1.49] 99.9
17ded 0.10] 52.9] 1.09] 0.09] 6.25} 33.0] 4.89{0.04| 0.58|0.02|0.22{ 0.01| 1.49/100.6
17ded 0.07| 52.4| 1.04{ 0.10] 5.97] 32.91 4.95{0.03| 0.58]0.03{0.21] 0.01] 1.50{ 99.8
17ded 0.18} 51.9] 1.62] 0.08] 6.00[ 32.7} 5.13|0.04| 0.58/0.06]0.20] 0.06] 1.50]100.0
17ded 0.14{ 52.4] 1.59] 0.09] 5.97| 32.5|4.97|0.04| 0.58/0.07]0.22{ 0.04] 1.51]100.2
17ded 0.14] 52.0{ 1.77{ 0.10| 6.06] 33.0| 4.94/0.04| 0.56]0.05]0.21] 0.05] 1.52{100.4
17ded 0.13] 52.2] 1.54| 0.08| 6.02] 32.7] 5.14/0.05} 0.57/0.04/0.22) 0.02} 1.53{100.3
17ded 0.13| 52.7) 1.37} 0.09] 5.94] 33.2) 5.23|0.03] 0.610.10{0.21] 0.03| 1.53{101.1
17ded 0.10] 53.7} 1.30{ 0.08| 5.94] 32.7] 4.97]0.04{ 0.58({0.08|0.24] 0.04] 1.53}101.2
17ded 0.10] 52.7} 1.26{ 0.09] 6.01] 32.7} 4.90/0.04{ 0.61{0.06}0.21] 0.03] 1.54{100.1
17ded 0.11] 52.4) 1.61 0.09] 5.97| 32.7] 4.95]0.04{ 0.57{0.09]0.20| 0.03] 1.54{100.2
17ded 0.08] 53.0] 1.69] 0.08] 6.00] 32.7| 4.69]|0.05} 0.59{0.02{0.25] 0.05] 1.54{100.8
17ded 0.10] 52.5] 1.50| 0.10] 6.02] 32.6 5.03]0.03| 0.58]0.05]0.23] 0.04} 1.55{100.4
18ded 0.12} 52.2| 1.66] 0.05) 5.90{ 33.3] 4.78/0.04| 0.39/0.03]0.18] 0.03] 1.11| 99.8
18ded 0.14| 52.0] 1.53[ 0.04{ 6.05] 33.7{ 5.38/0.04| 0.41]/0.04]0.15] 0.01} 1.20{100.7
18ded 0.18]| 51.3] 1.53} 0.05| 5.89} 33.2} 5.42/0.05] 0.41{0.00]0.15] 0.02| 1.21| 99.3
18ded 0.11] 51.0} 1.30| 0.03} 6.00] 32.9]| 5.47]0.04| 0.42[0.10|0.14] 0.01] 1.22| 98.7
18ded 0.16{ 50.8] 1.45| 0.04| 5.87] 33.4| 5.59|0.05] 0.40/0.04|0.11] 0.05] 1.22] 99.2
18ded 0.07] 52.2] 1.65] 0.05| 5.97] 33.7) 5.35]0.04| 0.41{0.03]0.13} 0.06| 1.24]100.9
18ded 0.11] 52.3] 1.68| 0.04] 5.94] 33.6| 5.20|0.04{ 0.42{0.03|0.11] 0.00] 1.24]100.7
18ded 0.13] 51.8} 1.42| 0.05] 5.90] 33.3} 5.59|0.03] 0.40{0.04|0.16{ 0.04| 1.27]100.1
18ded 0.10f 50.4| 1.23]| 0.02] 5.88] 33.2| 5.76/0.04{ 0.40{0.02)0.14} 0.05] 1.28| 98.5
18ded 0.14{ 51.6| 1.13] 0.04| 5.91| 33.4} 5.70{0.04{ 0.39|0.08]0.12 0.03} 1.31{100.0
18ded 0.17] 52.4] 1.62| 0.04| 5.89] 33.0{ 5.00}0.02{ 0.42/0.10)0.16{ 0.02] 1.31}100.2
18ded 0.06§ 52.7) 1.43] 0.05} 6.12] 33.3| 5.40|0.03| 0.46/0.06]0.18] 0.05] 1.32/101.2
18ded 0.15{ 51.3] 1.45] 0.06| 5.94] 33.0} 5.38|0.02] 0.49/0.09]0.17] 0.00] 1.46| 99.5
18ded 0.11] 51.5] 1.61} 0.06] 5.99] 32.4| 4.90/0.04] 0.56{0.06/0.19] 0.03] 1.48| 98.9
18ded 0.06} 52.3] 1.71{ 0.06] 6.00] 33.1} 5.07}0.03] 0.54{0.13}0.16] 0.00| 1.49}100.6
18ded 0.08] 51.6] 1.12] 0.05| 5.94] 32.7| 5.4510.04{ 0.47|0.01|0.19] 0.05} 1.52} 99.2
18ded 0.13] 52.0} 1.50{ 0.07] 5.94| 32.3] 5.02|0.03{ 0.56{0.14]|0.19] 0.03] 1.63| 99.6
18ded 0.09] 50.8) 1.50] 0.07| 5.97] 32.0] 5.18}0.04| 0.59]0.13/0.18] 0.04| 1.64| 98.3
18ded 0.09] 53.0] 1.67] 0.07} 6.10] 32.8| 5.00{0.03} 0.62]0.05/0.20| 0.01} 1.65{101.3
18ded 0.11} 51.8] 1.48] 0.07] 6.03| 32.6{ 5.31{0.04| 0.60/0.10]0.18} 0.03] 1.69{100.0
18ded 0.07] 52.9] 1.97] 0.08] 6.06{ 32.9| 4.71|0.03| 0.62/0.08]0.21{ 0.05] 1.70{101.4
18ded 0.12{ 52.4| 1.92] 0.08| 6.04{ 32.9] 4.47]0.02] 0.61{0.04]0.20| 0.02] 1.70| 100.5
21ded 0.16] 52.5| 1.73] 0.02| 6.02] 34.0] 5.13|0.08] 0.37{0.03}0.12} 0.01] 1.06{101.2
21ded 0.12] 52.3] 1.91] 0.03| 6.02) 33.7] 4.600.07| 0.36]0.00]0.08] 0.03} 1.07/100.3
21ded 0.11] 52.0] 1.98| 0.03] 5.94] 33.4] 4.93]0.09{ 0.35[{0.03]0.10{ 0.02} 1.09] 100.0
21ded 0.21] 52.4] 1.76] 0.02| 5.88} 32.4| 4.72{0.08] 0.35{0.00{0.12] 0.01{ 1.10[ 99.0
21ded 0.11] 51.7] 1.66] 0.03} 6.09] 34.2] 5.20{0.07{ 0.39]/0.03/0.11] 0.01} 1.10{100.7
21ded 0.14] 52.8| 1.97] 0.04} 6.00} 33.6] 4.71{0.06{ 0.39]0.05]0.14{ 0.03] 1.11]101.1
21ded 0.18] 52.7] 1.82] 0.04| 6.03} 33.9] 4.86{0.05| 0.39|0.05|0.12{ 0.03] 1.16]/101.3
21ded 0.15} 53.3| 1.88] 0.04} 6.06| 33.9| 4.50/0.07{ 0.39/0.04]0.10] 0.01] 1.16{101.6
21ded 0.12} 52.0] 2.02{ 0.02] 6.22] 33.9{ 4.90(0.07| 0.40]/0.03]0.13] 0.02] 1.16]100.9
21ded 0.07| 51.4] 1.64{ 0.03]| 5.94] 33.7| 5.29/0.07| 0.38{0.00{0.14} 0.01] 1.17{ 99.9
21ded 0.15] 52.0] 1.92} 0.03] 6.07} 33.6] 4.79{0.07| 0.39]0.05}0.12} 0.03] 1.18]100.4
21ded 0.13] 52.9] 1.98] 0.03| 6.08] 34.0] 4.64{0.06{ 0.40|0.03|0.13| 0.04] 1.18{101.6
21ded 0.13] 51.8| 1.88] 0.03}] 5.97| 32.9) 4.62|0.05} 0.40{0.10/0.11] 0.02] 1.20] 99.2
21ded 0.16] 51.4| 1.58] 0.04| 5.98] 33.9| 5.12|0.07( 0.42[0.07|0.12] 0.03] 1.21}100.0
21ded 0.15| 52.4| 1.69{ 0.04] 6.00| 33.8| 5.02{0.08] 0.42|0.07|0.15| 0.01] 1.21{101.1
21ded 0.13] 52.9| 1.75] 0.04] 6.03] 33.8{ 4.79{0.06] 0.40|0.07]0.13| 0.04] 1.21{101.3
21ded 0.15] 53.3| 1.92{ 0.03] 5.96| 33.5| 4.82(0.05| 0.41{0.00]0.10] 0.04] 1.21]101.5
21ded 0.16] 52.1| 1.81j 0.03] 6.00] 33.8| 4.74/0.06| 0.39]/0.03]0.12] 0.04] 1.24{100.5
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F O |Na Mg |Al [Si K |C]l [Ca |Ba |Ti |Mn |Fe [Total
Sample #| wt%
22ded 0.12} 51.4] 1.55| 0.05] 5.87] 33.7] 5.32/0.05| 0.37{0.04|0.16) 0.03] 1.19] 99.9
22ded 0.08]| 51.6] 1.63] 0.05] 5.99] 33.8] 5.35/0.03] 0.41]0.06]0.18| 0.04] 1.23}100.4
22ded 0.10| 51.0] 1.80| 0.07| 6.05] 33.4]| 5.07]0.02| 0.47{0.08}0.21} 0.03| 1.28] 99.5
22ded 0.12] 51.3| 1.70] 0.10| 6.09] 33.2} 4.96/0.04| 0.53{0.03]0.22] 0.02] 1.39] 99.7
22ded 0.08] 51.6] 1.59] 0.09] 6.26{ 33.1| 5.0910.04{ 0.55/0.02|0.29{ 0.02} 1.40]100.1
22ded 0.15{ 51.1] 1.57] 0.07] 6.11] 33.1] 5.17|0.03] 0.53]/0.08]0.24] 0.01] 1.42] 99.5
22ded 0.21] 51.0f 1.78] 0.10] 6.10] 33.3]| 4.99]0.03] 0.57}0.01}0.19] 0.03| 1.43] 99.8
22ded 0.14] 50.6] 1.63| 0.09| 6.18] 33.4] 5.18|0.03| 0.53{0.10}0.23] 0.02] 1.43] 99.6
22ded 0.08] 51.6] 1.96] 0.08] 6.06| 33.1] 4.760.03| 0.55]0.10]0.24 0.02} 1.44]100.1
22ded 0.18] 53.9] 0.29] 0.09] 6.39f 33.8| 4.16}0.05] 0.56{0.05[0.21] 0.03{ 1.44|101.1
22ded 0.14| 51.7] 1.62] 0.09] 6.09] 33.1| 5.00{0.05] 0.53]0.08| 0.22 0.02] 1.44]100.0
22ded 0.13} 51.8] 1.81| 0.09] 6.24] 33.1} 4.94]0.03] 0.57]0.06/0.22] 0.02| 1.44|100.5
22ded 0.02| 51.0] 1.74] 0.09] 6.06] 32.8] 4.98/0.04| 0.58/0.14]0.22{ 0.04] 1.45] 99.2
22ded 0.11} 51.0] 1.56] 0.07| 6.04{ 33.3] 5.14/0.04] 0.54{0.05}0.22] 0.03] 1.45] 99.5
22ded 0.07| 51.8| 1.78] 0.07| 6.03] 33.1| 4.92{0.03] 0.52(0.07[0.27| 0.02{ 1.45}100.1
22ded 0.07{ 51.3] 1.47] 0.09{ 6.11] 33.1} 5.30/0.03} 0.56{0.04]0.25] 0.00{ 1.45| 99.8
22ded 0.14| 51.1] 1.66] 0.09] 6.23| 33.2} 5.08]0.03] 0.54/0.12/0.20| 0.05| 1.46| 99.9
22ded 0.12| 51.7) 1.59] 0.09] 6.12| 32.9| 5.08]/0.02{ 0.57|0.11{0.21} 0.00| 1.48| 100.0
22ded 0.17{ 51.7{ 1.82} 0.11] 6.08 33.0] 4.87|0.04] 0.58}0.07{0.19{ 0.00} 1.49]100.2
22ded 0.09] 51.6] 1.82} 0.09]| 6.19| 33.0] 4.79]0.05{ 0.59]0.04]|0.27} 0.01} 1.50}100.1
22ded 0.09{ 51.4| 1.81| 0.09] 6.02{ 33.0| 4.780.02| 0.59]0.08)0.23] 0.02] 1.53] 99.6
23ded 0.13] 51.1] 1.25} 0.05] 6.06} 33.6] 5.59|0.02] 0.44{0.09}0.18] 0.01]| 1.29] 99.8
23ded 0.08] 50.9| 1.36] 0.01} 5.88j 33.3] 5.31{0.05| 0.44]/0.02|0.15] 0.02} 1.30 98.8
23ded 0.04| 51.2] 1.41] 0.01} 5.87| 33.4} 5.45/0.04] 0.46/0.04|0.13] 0.06] 1.31] 99.4
23ded 0.16] 50.6] 1.46{ 0.01| 6.06{ 33.7] 5.48/0.07| 0.43/0.01/0.14] 0.03] 1.31] 99.4
23ded 0.15] 51.0] 1.21} 0.02] 5.94] 33.7] 5.54/0.05] 0.4210.04/0.12] 0.00{ 1.34] 99.5
23ded 0.09] 50.9] 1.58] 0.02| 5.90| 34.1} 5.2210.06] 0.46{0.07{0.12} 0.02{ 1.36] 99.8
23ded 0.09] 51.4| 1.60] 0.02] 5.97] 33.6] 5.08|0.05] 0.44{0.03}0.15} 0.01] 1.39] 99.8
23ded 0.09] 51.3] 1.36] 0.02| 5.89] 33.2| 5.25]0.06] 0.44{0.02|0.13]| 0.00] 1.41| 99.1
23ded 0.10] 51.6] 1.56] 0.02) 5.89{ 33.3] 5.37|0.04| 0.48/0.05/0.11} 0.01] 1.41] 99.9
23ded 0.12} 51.4] 1.50| 0.02] 5.98] 33.3| 5.49]|0.05| 0.50]0.03{0.10] 0.03] 1.41] 100.0
23ded 0.15| 51.2] 1.76] 0.02| 6.02 33.0| 5.22/0.04] 0.48]0.05{0.15] 0.02{ 1.42} 99.6
23ded 0.13] 51.5| 1.16f 0.02| 5.92] 33.5] 5.54/0.04] 0.43{0.05}0.17} 0.03] 1.43] 99.9
23ded 0.15] 51.5| 1.97] 0.01] 5.96{ 33.4] 4.72|0.04| 0.47{0.06/0.14]| 0.03] 1.43| 99.8
23ded 0.11] 52.2] 1.05] 0.02] 5.92{ 33.9| 5.29{0.06{ 0.47/0.02]0.12| 0.00} 1.44] 100.6
23ded 0.09{ 51.0] 1.46| 0.01} 5.96] 33.6| 5.27|0.05{ 0.45/0.05]0.12] 0.00] 1.45] 99.6
23ded 0.05{ 51.7] 1.66| 0.02| 6.07| 33.2] 5.20]0.05] 0.49]0.04]0.13] 0.02} 1.47]100.1
23ded 0.12| 51.4] 1.28] 0.03] 5.95] 33.3] 5.41]0.05{ 0.50}0.04/0.15| 0.03] 1.47} 99.8
23ded 0.15] 51.5} 1.58} 0.02f 6.10] 33.4] 5.35[0.05] 0.46{0.04/0.12] 0.02| 1.52[100.3
23ded 0.13] 51.0] 1.46| 0.03] 5.93f 33.6] 5.27}0.05| 0.46/0.05]0.10{ 0.06] 1.52] 99.6
23ded 0.14] 51.7] 1.87] 0.02} 6.02] 33.6| 4.87|0.05| 0.49]0.03]0.16{ 0.04| 1.56] 100.6
mm3 0.12} 49.0] 2.58| 0.04| 6.52| 35.7] 4.30/0.08 0.38]0.01}0.07] 0.02] 0.49] 99.3
mm3 0.09] 48.9] 2.57] 0.04] 6.64] 35.6| 4.37|0.07| 0.42{0.00{0.07| 0.01{ 0.49] 99.3
mm3 0.09] 49.0] 2.51| 0.04| 6.54] 35.7] 4.34]0.08| 0.40{0.03]0.11} 0.04] 0.51] 99.4
mm3 0.11] 49.3| 2.54] 0.03] 6.69] 35.7| 4.36/0.08] 0.42]0.01{0.08| 0.06{ 0.52| 99.8
mm3 0.11] 49.0] 2.78] 0.03] 6.59 35.9] 4.28]0.06] 0.41/0.00[0.07] 0.03{ 0.52| 99.8
mm3 0.08] 48.7] 2.66{ 0.05}] 6.61| 35.4| 4.34/0.09] 0.41]0.00]0.08| 0.03]| 0.53] 99.0
mm3 0.08] 49.3] 2.60| 0.03} 6.64] 35.5| 4.28]0.08] 0.41[0.00]0.09] 0.04] 0.55] 99.6
mm3 0.06] 49.2] 2.54] 0.04{ 6.53| 35.6| 4.34|0.06] 0.41]0.04{0.09] 0.02] 0.56] 99.6
mm3 0.03] 48.9] 2.63]| 0.05] 6.60] 35.4] 4.33]0.09| 0.40[0.00{0.07{ 0.03] 0.46] 99.0
mm3 0.08] 49.1] 2.57] 0.04| 6.55[ 35.4| 4.17]0.08| 0.39/0.00!0.10{ 0.04| 0.47| 99.0
mm3 0.08] 48.9] 2.72]| 0.05] 6.58} 35.8| 4.27{0.09] 0.42/0.04/0.09{ 0.06{ 0.47} 99.6
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F O [Na |Mg |Al |Si |K [Cl [Ca [Ba (Ti |Mn [Fe |Total
Sample #| wt%
mm3 0.07] 49.2] 2.65| 0.04] 6.51{ 35.6] 4.21{0.09] 0.39{0.00}0.05] 0.05] 0.54| 99.4
mm3 0.06] 49.2| 2.55{ 0.04] 6.50] 35.6] 4.29/0.09| 0.40]|0.00{0.09] 0.06] 0.54{ 99.5
mm3 0.05] 49.1| 2.51} 0.04] 6.59] 35.2] 4.23]0.09{ 0.41}0.02/0.07} 0.03] 0.54| 98.8
mm3 0.05] 49.0] 2.56} 0.04| 6.50] 35.7] 4.33/0.09] 0.380.03}0.06) 0.04| 0.54] 99.3
mm3 0.08] 49.2] 2.67| 0.04| 6.61] 35.6] 4.31]0.10] 0.40{0.04/0.12) 0.03} 0.58] 99.8
Averages
wt%

0lded 0.03] 53.2| 0.96] 0.03] 5.97| 33.6} 5.31|0.06{ 0.40{0.05]0.11{ 0.02] 1.19/100.9

03ded 0.15| 51.8] 1.80] 0.06] 6.03{ 33.7] 4.91/0.05] 0.45[0.05}0.18] 0.02] 1.27]100.5

10ded 0.12} 51.5| 1.95] 0.08] 6.10] 33.5{ 4.72(0.03| 0.53]0.05/0.22| 0.03] 1.36{100.2

11ded 0.13[ 51.4] 1.92] 0.07| 6.03| 33.7] 4.75]0.07{ 0.47]0.06/0.17| 0.04| 1.15] 99.9

16ded 0.17| 51.6] 1.81} 0.08| 6.04] 33.0} 4.77|0.03] 0.59{0.06}0.22] 0.03]| 1.61{100.0

17ded 0.12] 52.6| 1.44| 0.08] 5.97] 32.9] 5.05{0.04} 0.55{0.06/0.20] 0.03; 1.44{100.5

18ded 0.11] 51.8} 1.53} 0.05] 5.97| 33.0] 5.23]0.04{ 0.48{0.06{0.16] 0.03]| 1.40] 99.9

21ded 0.14] 52.3] 1.83] 0.03] 6.02] 33.7| 4.85}0.07{ 0.39[0.04/0.12]| 0.02} 1.15{100.6

22ded 0.12] 51.7} 1.67] 0.07] 6.08| 33.4| 4.97]0.04{ 0.49{0.06]0.19] 0.02]| 1.33|100.1

23ded 0.11] 51.3] 1.48] 0.02] 5.96| 33.5| 5.30{0.05| 0.46/0.04/0.13| 0.02) 1.41]| 99.8

mm3 0.08} 49.1] 2.59| 0.04] 6.57] 35.6] 4.29]|0.08|.0.40|0.01]0.08] 0.04] 0.52] 99.4

Oxide
wt% Si02 TiO2 ARO3 Fe203 MnO MgO Ca0 BaO Na20 K20 F  Cl  Sum (-0)

Olded 71.9] 0.18] 11.3| 1.70] 0.03] 0.05] 0.56|0.05{ 1.30{6.40}0.03].0.06] 93.6| 0.03

03ded 72.1{ 0.30] 11.4| 1.81) 0.03] 0.10] 0.64]0.06{ 2.43{5.91}0.15] 0.05| 95.0| 0.07

10ded 71.7] 0.37] 11.5] 1.94{ 0.03{ 0.14] 0.73}0.06| 2.63[5.68|0.12] 0.03} 94.9 0.06

11ded 72.0] 0.28] 11.4] 1.65] 0.05[ 0.11] 0.66|0.07] 2.58|5.72|0.13] 0.07{ 94.7| 0.07

16ded 70.7] 0.37] 11.4] 2.31| 0.04] 0.14] 0.83|0.06] 2.44{5.74/0.17] 0.03] 94.2| 0.08

17ded 70.4] 0.34] 11.3] 2.06] 0.04] 0.13]| 0.77]0.07] 1.94|6.09]0.12{ 0.04| 93.2] 0.06

18ded 70.7] 0.27] 11.3] 2.01) 0.04] 0.09] 0.68|0.07] 2.06{6.30|0.11] 0.04] 93.6{ 0.06

21ded 72.0{ 0.20] 11.4] 1.65] 0.03] 0.05] 0.54]0.04| 2.465.85|0.14{ 0.07| 94.4] 0.07

22ded 71.4{ 0.32} 11.5] 1.91} 0.03{ 0.11} 0.69]0.07| 2.24}5.98]|0.12{ 0.04]| 94.4] 0.06

23ded 71.6] 0.22] 11.3] 2.02] 0.03] 0.03] 0.64{0.05[ 1.99]6.38|0.11} 0.05]| 94.4{ 0.06

mm3 76.1] 0.13] 12.4} 0.74] 0.05{ 0.07] 0.56]0.01} 3.49]5.17|0.08] 0.08| 98.9] 0.05

Comparative ashes - analyses by Drs. Mike Perkins and Barbara Nash,
University of Utah

O F Na Mg Al Si K Ba Ca CI Ti Mn Fe Total
Sample# wt.%

cpb00-25 | 50.3] 0.17} 1.77] 0.08} 6.25| 33.8| 5.04|0.02| 0.69]0.05|0.23{ 0.05| 1.71/100.1

cpb00-25 | 51.7| 0.13| 1.81] 0.07| 6.17| 33.9] 5.03{0.04| 0.56/0.08]0.19| 0.04| 1.54({101.2

cpb00-25 | 50.9] 0.11} 1.76] 0.10; 6.16| 33.4{ 5.02(0.03| 0.66]0.05|0.23{ 0.01| 1.67|100.2

cpb00-25 | 51.7) 0.19] 1.77] 0.08] 6.16} 34.0{ 5.03{0.01{ 0.58/0.05]0.19] 0.05} 1.48/101.3

cpb00-25 } 52.0] 0.21| 1.98| 0.09] 6.16| 33.8| 4.94/0.02{ 0.56/0.06]0.17| 0.00| 1.58]101.6

cpb00-25 | 50.8] 0.16{ 1.92| 0.09] 6.12} 33.8} 5.00{0.02( 0.61/0.05]0.19| 0.03] 1.54/100.3

cpb00-25 | 51.8]| 0.14] 1.72| 0.08} 6.12| 33.8| 4.94{0.02| 0.56/0.09}0.23| 0.00| 1.49/101.0

cpb00-25 | 51.6] 0.12f 1.82} 0.05| 6.12| 34.0{ 4.90/0.03] 0.45/0.05]0.12| 0.02| 1.32(100.6

cpb00-25 | 51.4] 0.15| 1.71) 0.08] 6.11{ 33.7( 5.30/0.03] 0.57/0.06{0.20] 0.01{ 1.59{100.9

cpb00-25 | 51.5} 0.09{ 1.75] 0.08] 6.10| 33.3{ 5.03{0.02| 0.58|0.05]/0.19| 0.01} 1.58/100.3

cpb00-25 | 51.3| 0.15| 1.64| 0.08] 6.09{ 33.6( 5.21|0.01] 0.57{0.09{0.21] 0.05| 1.56(100.6

cpb00-25 | 50.6] 0.12] 1.60] 0.07| 6.08| 33.8] 5.29{0.02{ 0.58/0.05|0.24| 0.03| 1.57}100.0

cpb00-25 | 51.1f 0.15 1.78; 0.07} 6.08| 33.8| 4.97]0.01] 0.59/0.03{0.19{ 0.01| 1.58]/100.4

cpb00-25 | 51.8| 0.10f 1.82] 0.07| 6.07| 33.4{ 4.93]0.04| 0.57|0.13]0.20 0.07{ 1.56/100.8
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Mg

Al

Si

Ba

Ca

Cl

Ti

Mn

Fe

Total

Sample#

wt.%

cpb00-25

51.8

0.05

1.56

0.08

6.05

337

5.18

0.03

0.56

0.03

0.20

0.02

1.55

100.8

cpb00-25

51.8

0.03

1.48

0.07

6.04

332

4.96

0.03

0.57

0.06

0.21

0.03

1.50

99.9

cpb00-25

50.8

0.05

1.60

0.05

5.98

343

5.48

0.02

0.45

0.01

0.18

0.04

1.37

100.3

cpb00-25

51.2

0.11

1.47

0.06

5.93

34.2

542

0.03

0.45

0.07

0.16

0.03

1.27

100.3

cpb00-25

51.6

0.07

1.76

0.04

5.92

343

5.24

0.02

0.41

0.03

0.16

0.00

1.29

100.8

cpb96-06

50.8

0.30

1.63

0.07

6.13

342

5.27

0.02

0.43

0.17

0.18

0.02

1.22

100.5

cpb96-06

50.9

0.31

1.96

0.07

6.08

34.2

494

0.02

0.43

0.12

0.14

0.03

1.23

100.4

cpb96-06

51.0

0.21

1.26

0.06

6.05

34,5

5.63

0.01

0.45

0.11

0.16

0.01

1.24

100.6

cpb96-06

511

0.21

1.73

0.07

6.02

343

5.15

0.02

0.45

0.16

0.15

0.03

1.25

100.6

cpb96-06

49.9

0.18

1.56

0.06

6.07

33.8

5.40

0.03

0.44

0.14

0.13

0.04

1.25

99.1

cpb96-06

511

0.22

1.46

0.04

6.19

34.1

5.34

0.03

0.43

0.11

0.20

0.03

1.26

100.5

cpb96-06

50.6

0.29

1.89

0.06

6.10

34.4

4.98

0.03

0.46

0.14

0.15

0.02

1.28

100.3

cpb96-06

511

0.25

1.55

0.06

6.05

343

5.27

0.02

0.45

0.13

0.16

0.02

1.29

100.6

cpb96-06

50.0

0.23

1.94

0.06

6.07

342

5.07

0.02

042

0.09

0.21

0.05

1.29

99.6

cpb96-06

51.6

0.15

1.93

0.10

6.13

338

4.83

0.02]

0.57

0.12

0.20

0.03

1.43

101.0

cpb96-06

50.5

0.16

1.68

0.09

6.17

33.8

5.24

0.03

0.59

0.12

0.19

0.03

1.44

100.0

cpb96-06

50.9

0.23

2.05

0.07

6.16

338

492

0.03

0.55

0.16

0.20

0.01

1.45

100.5

cpb96-06

513

0.21

2.00

0.08

6.19

33.7

4.67

0.03

0.55

0.10

0.20

0.01

1.45

100.6

cpb96-06

51.6

0.27

1.94

0.08

6.11

338

4.84

0.02

0.55

0.13

0.19

0.03

1.46

101.0

cpb96-06

50.5

0.21

1.74

0.08

6.11

33.8

5.10

0.04

0.58

0.11

0.22

0.02

1.46

100.0

cpb96-06

50.8

0.22

1.95

0.08

6.15

34.1

4.78

0.02

0.57

0.14

0.21

0.01

1.47

100.4

cpb96-06

50.9

0.22

1.81

0.07

6.14

33.8

5.05

0.03

0.58

0.16

0.19

0.01

1.47

100.4

cpb96-06

51.0

0.21

2.05

0.08

6.24

34.0

4.82

0.02

0.56

0.08

0.22

0.02

1.47

100.7

cpb96-06

51.2

0.22

1.98

0.09

6.16

34.1

4.70

0.02

0.55

0.10

0.20

0.00

1.51

100.8

cpb96-06

50.9

0.31

1.92

0.08

6.12

34.0

5.02

0.03

0.54

0.14

0.19

0.01

1.51

100.8

cpb96-06

517

0.29

1.74

0.10

6.14

33.9

4.96

0.02

0.62

0.12

0.18

0.03

1.52

101.2

cpb96-06

49.7

0.23

1.97

0.10

6.20

335

4.79

0.03

0.62

0.13

0.22

0.06

1.64

99.2

htc93-462

51.2

0.20

1.61

0.09

6.05

33.8

5.19

0.01

0.60

0.12

0.22

0.01

1.60

100.7

htc93-462

51.1

0.22

1.65

0.06

5.96

34.2
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0.03

0.44

0.06

0.17

0.04

1.32

100.5

htc93-462

50.4

0.20

1.59

0.05

5.99

343

5.32

0.03

0.39

0.09

0.16

0.03

1.17

99.7

htc93-462

51.2

0.18

1.68

0.08

5.99

337

4.82

0.01

0.56

0.11

0.21

0.01

1.51

100.1

htc93-462
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0.20

1.63

0.06

6.00

34.1

5.21

0.03

0.46

0.10

0.19

0.02

1.35

100.6

htc93-462

50.5

0.14

1.69

0.07

6.02

33.6

5.09

0.02

0.57

0.10

0.18

0.02

1.58

99.6

htc93-462

51.1

0.15

1.52

0.08

6.03

33.6

5.11

0.03

0.57

0.09

0.23

0.05

1.57

100.1

htc93-462

50.6

0.24

1.70

0.08

6.04

337

4.85

0.03

0.58

0.08

0.23

0.00

1.56

99.6

htc93-462

50.4

0.19

1.61

0.09

6.04

33.6

5.19

0.03

0.59

0.12

0.24

0.06

1.56

99.7

htc93-462

50.6

0.18

1.63

0.08

6.06

335

517

0.02

0.60

0.12

0.16

0.05

1.60

99.8

htc93-462

50.0

0.19

1.68

0.08

6.06

335

5.16

0.02

0.67

0.12

0.24

0.04

1.82

99.6

htc93-462

50.6

0.19

1.59

0.08

6.08

33.8

5.11

0.02

0.59

0.09

0.19

0.03

1.59

100.0

htc93-462

50.5

0.19

1.69

0.10

6.08

334

5.07

0.03

0.63

0.12

0.27

0.05

1.67

99.8

htc93-462

50.8

0.20

1.62

0.09

6.08

33.6

5.15

0.02

0.57

0.15

0.20

0.01

1.58

100.0

htc93-462

513

0.20

1.80

0.10

6.08

33.6

4.79

0.02

0.68

0.13

0.20

0.04

1.74

100.7

htc93-462

50.5

0.16

1.56

0.07

6.08

33.8

5.17

0.02

0.63

0.07

0.20

0.01

1.58

99.9

htc93-462

50.9

0.21

1.66

0.09

6.09

33.6

5.01

0.03

0.61

0.10

0.19

0.04

1.54

100.0

htc93-462

50.6

0.14

1.67

0.09

6.10

33.6

5.18

0.02

0.57

0.11

0.24

0.00

1.56

99.8

htc93-462

51.0

0.20

1.76

0.09

6.10

333

4.93

0.02

0.66

0.13

0.22

0.02

1.70

100.1

100



Mg

Al

Si

Ba

Ca

Cl

Ti

Mn

Fe

Total

Sample#

wt.%

htc93-462

50.4

0.22

1.82

0.10

6.13

334

492

0.03

0.66

0.12

0.26

0.00

1.69

99.8

tw93-386

49.4

0.22

1.89

0.03

6.12

34.9

4.77

0.07

0.38

0.04

0.11

0.01

1.22

99.2

tw93-386

50.5

0.17

1.93

0.03

6.00

34.2

4.86

0.06

0.40

0.00

0.11

0.03

1.22

99.5

tw93-386

49.8

0.19

1.88

0.04

6.03

343

4.83

0.06

0.40

0.04

0.11

0.02

1.22

98.9

tw93-386

49.6

0.21

1.75

0.02

6.07

34.1

517

0.07

0.41

0.02

0.12

0.02

1.21

98.8

tw93-386

50.2

0.24

1.84

0.03

5.99

34.1

4.78

0.07

0.37

0.01

0.09

0.03

1.09

98.8

tw93-386

49.7

0.25

1.78

0.03

6.01

344

534

0.08

0.35

0.01

0.11

0.03

1.10

99.1

tw93-386

49.7

0.21

1.71

0.04

6.01

34.4

493

0.07

0.38

0.07

0.11

0.03

1.24

98.9

tw93-386

50.3

0.15

1.94

0.05

6.00

343

4.68

0.06

0.41

0.03

0.13

0.04

1.25

99.3

tw93-386

49.9

0.13

2.21

0.03

6.05

344

4.49

0.05

0.38

0.04

0.07

0.00

1.25

98.9

tw93-386

50.2

0.21

1.84

0.04

6.02

343

4.79

0.05

0.39

0.02

0.12

0.01

1.24

99.2

tw93-386

49.1

0.22

1.49

0.04

6.11

345

5.53

0.07

0.40

0.03

0.09

0.04

1.22

98.8

tw93-386

49.6

0.17

1.62

0.03

6.07

34.5

5.02

0.06

0.40

0.03

0.15

0.02

1.22

98.9

tw93-386

50.3

0.20

1.68

0.03

6.00

34.3

4.87

0.07

0.40

0.03

0.09

0.02

1.23

99.2

tw93-386

49.7

0.13

1.79

0.04

6.03

34.4

5.07

0.06

0.39

0.07

0.11

0.03

1.24

99.1

tw93-386

49.7

0.18

1.79

0.04

6.03

34.2

4.80

0.07

0.40

0.03

0.09

0.02

1.22

98.6

tw93-386

50.3

0.21

2.10

0.05

6.04

34.4

447

0.06

0.38

0.07

0.08

0.01

1.21

99.4

tw93-386

50.3

0.14

1.99

0.05

6.04

343

4.45

0.05

042

0.05

0.09

0.03

1.26

99.2

tw93-386

49.9

0.17

1.75

0.03

6.00

34.4

4.83

0.06

0.37

0.04

0.12

0.01

1.20

98.9

tw93-386

50.3

0.18

2.05

0.03

6.06

343

4.63

0.06

0.37

0.02

0.09

0.03

1.25

99.4

tw93-386

50.0

0.20

1.98

0.02

5.98

34.1

4.57

0.06

0.39

0.01

0.09

0.05

1.20

98.7

tw93-386

49.9

0.16

1.94

0.03

6.01

34.0

4.84

0.05

0.41

0.04

0.11

0.04

1.22

98.7

tw93-386

50.0

0.22

1.50

0.03

6.02

34,7

5.63

0.07

0.40

0.02

0.13

0.02

1.21

99.9

rv93-243

51.4

0.21

1.85

0.08

6.08

343

4.83

0.03

0.47

0.11

0.17

0.02

1.22

100.8

rv93-243

50.2

0.18

2.03

0.08

6.09

33.9

4.80

0.03

0.46

0.07

0.19

0.00

1.23

99.3

rv93-243

50.1

0.14

1.78

0.09

6.07

33.9

494

0.05

0.45

0.09

0.19

0.00

1.25

99.1

rv93-243

51.1

0.19

1.93

0.10

6.10

33.7

4.58

0.03

0.53

0.13

0.21

0.04

1.42

100.0

1v93-243

50.9

0.16

1.82

0.07

6.10

343

4.95

0.04

0.44

0.13

0.21

0.00

1.25

100.4

rv93-243

51.2

0.13

1.80

0.08

6.11

34.1

4.92

0.04

0.46

0.09

0.21

0.00

1.22

100.4

rv93-243

51.3

0.14

1.56

0.10

6.15

33.8

4.66

0.03

0.54

0.11

0.21

0.04

1.49

100.1

rv93-243

50.0

0.20

2.04

0.11

6.10

33.6

4.65

0.03

0.56

0.16

0.22

0.02

1.51

99.2

rv93-243

50.7

0.18

1.74

0.10

6.16

34.1

4.85

0.03

0.56

0.16

0.23

0.05

1.46

100.2

rv93-243

50.4

0.13

1.88

0.09

6.07

33.8

4.76

0.05

0.56

0.13

0.23

0.01

1.49

99.5

rv93-243

51.4

0.18

2.09

0.10

6.11

33.6

4.34

0.03

0.54

0.14

0.24

0.04

1.35

100.1

rv93-243

51.0

0.18

1.68

0.10

5.83

31.7

4.80

0.03

0.59

0.10

0.24

0.01

1.47

97.8

rv93-243

50.6

0.17

1.83

0.09

6.05

33.6

4.84

0.04

0.53

0.14

0.24

0.01

1.39

99.6

rv93-243

50.1

0.19

2.00

0.09

6.05

33.8

4.60

0.04

0.54

0.13

0.24

0.01

1.43

99.2

1v93-243

50.9

0.19

1.99

0.08

6.12

34.1

4.84

0.03

0.46

0.13

0.25

0.06

1.23

100.3

1v93-243

50.7

0.21

1.95

0.10

6.04

337

4.38

0.04

0.57

0.12

0.25

0.03

1.45

99.6

rv93-243

51.0

0.23

1.95

0.07

6.03

341

472

0.04

0.47

0.07

0.26

0.03

1.26

100.2

101
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Appendix B

Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) data

from basaltic samples collected in Hawkins Basin, DCSB, and RRSB, Idaho.
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Location Hawkins Basin DCSB RRSB
unit | Tsbd | Tsbd | Tsb |Tsb1| Tsb3 | Tsb3 | Tsba | Tsba| Tb QTg QTg
sample#| vV-28 | V-37 | V-29 | V-35 | V-26 | V-36 |V-18.1| V-21 [TJC-10|41DEDO1 | 42DEDO1
SiO; wt% |48.76|47.95|49.10 |52.50| 50.11 | 49.66 | 54.31 {55.99| 56.24 55.58 56.01
TiO; | wt% | 263 | 1.07 | 231 j2.18| 232 | 252 | 1.95 | 1.98 | 0.87 0.85 0.85
AlbOz | wt% |15.30| 16.86 | 15.01 |15.43| 15.49 | 14.99 | 16.50 | 16.55| 17.44 17.30 17.42
FeOuoy| wt% |12.54]|10.07|12.1410.50| 11.58 | 12.09 | 10.02 | 9.94 | 7.08 8.09 7.61
MnO | wt% | 019 | 0.16 | 0.18 | 0.16 | 0.18 | 0.19 | 0.16 | 0.15| 0.12 0.12 0.12
MgO wt% | 724 |11.19] 7.68 | 6.05| 6.94 | 7.00 | 419 | 293 | 575 5.48 517
CaO wt% [10.08]|10.59|10.19|8.90| 948 | 9.58 | 7.66 | 6.77 | 8.28 8.51 8.52
Na;O | wt% | 247 | 171 | 233 |2.78| 268 | 265 | 3.36 | 3.60 | 3.10 2.65 2.57
K20 wt% | 042 | 027 | 065 | 1.03 | 069 | 0.79 | 1.48 | 1.75| 0.90 1.24 1.54
P20s wt% | 0.35) 012 | 040 | 047 | 0.53 | 0.53 | 0.37 | 0.34 | 0.21 0.18 0.20
Total |[100.00{ 100.00 [ 100.00 [100.00| 100.00 | 99.99 | 100.00 [100.00] 100.00 | 100.00 100.01

Appendix B. Samples from the Hawkins basin from Pope (2002), Dempsey Creek sub-
basin (Crane, 2000), and the Red Rock sub-basin this study.






