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Figure 1. Location of Salmon 30' x 60’ quadrangle with respect to known Belt Supergroup rocks
and the reference and type sections of the Lemhi Group and Yellowjacket Formation. Shaded areas
represent mountain ranges containing Mesoproterozoic sedimentary rocks.

vi



Montana Bureau of Mines and Geology Geologic Map 75

INTRODUCTION

One of the challenges to geologists in the northern
Rocky Mountains is understanding the relationships
between the Mesoproterozoic Belt Supergroup and the
age-equivalent Lembhi strata of east-central Idaho (fig.
1). To address this problem, a collaborative Montana
Bureau of Mines and Geology (MBMG)-Idaho Geo-
logical Survey (IGS) 1:24,000-scale mapping project
began in 2007 along the Montana—Idaho border within
the Salmon 30’ x 60’ quadrangle. The collaborative
team mapped 16 7.5 quadrangles before compiling
this 1:100,000-scale bedrock map that clarifies major
structures and regional stratigraphic relationships. The
Idaho part of the Salmon 30" x 60" quadrangle was
previously released by the IGS (Burmester and others,
2016a).

GEOLOGIC SUMMARY

The Salmon 30’ x 60" quadrangle is largely un-
derlain by Mesoproterozoic strata and unconsolidated
Tertiary deposits. The immensely thick (>15 km)
succession of Mesoproterozoic siliciclastic sediments
(fig. 2 and Description of Map Units) represents strata
that were deposited in the Lemhi subbasin, a southern
arm of the larger Belt Basin (Burmester and others,
2013, 2016a,b). These Lemhi subbasin strata, which
are sandier than typical Belt Supergroup units, extend
north and northeast into Montana where they grade
into the Missoula Group of the upper Belt Supergroup
(fig. 2; Lonn, 2014; Lonn and others, 2016a,b). The
eastern margin of the Lemhi subbasin, composed of
Archean and Paleoproterozoic crystalline rocks, is
located immediately to the east of the Salmon quad-
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Figure 2. Correlations between Mesoproterozoic strata of the Salmon quadrangle (Beaverhead Range), type sections of Lemhi
subbasin strata (Lemhi Range), and upper Belt Supergroup strata near Missoula, Montana. From Lonn and others, 2016b.
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rangle (McDonald and Lonn, 2013). Following depo-
sition, these sediments experienced multiple tectonic
events. The complex geologic history is summarized
below:

1.

Intrusion of 1,370 Ma granites occurred
shortly after deposition of the Mesoproterozoic
sediments ceased. The granite is exposed in the
Salmon River Mountains on the Idaho part of
the Salmon quadrangle (Burmester and others,
2016a) west of this map.

Garnets dated at 1.1 Ga (Jeff Vervoort,

written commun., 2013) in some strata of the
Beaverhead Mountains indicate metamorphism
and tectonism. Explanation of the garnets and
their significance awaits further mapping and
petrography.

. Phanerozoic strata presumably were deposited

disconformably over the Mesoproterozoic
rocks, although they are preserved only in the
easternmost part of the map.

Cretaceous northeast—southwest shortening
deformed the thick sedimentary pile into huge
northwest-trending, northeast-verging folds,
probably during early stages of the Sevier
Orogeny (Tysdal, 2002; Lonn and others,
2013b; 2016c¢). An enormous, overturned,
east-facing fold limb is spectacularly exposed
in the Beaverhead Mountains east of the
Freeman Thrust along the western boundary
of the map (see cross-section A—A’ on

plate 1, and fig. 3). Figure 3 illustrates the
magnitude of the fold whose amplitude is
greater than 10 km. Although folds of this
scale seem unreasonable, east- to northeast-
verging folds of similar size occur in the thick
Mesoproterozoic strata of the Lemhi Range
in Idaho (Tysdal, 2002) and in northwestern
Montana (Harrison and Cressman, 1993).
These enormous folds are culminations in the
fold-and-thrust belt and influenced sediment-
dispersal patterns for tens of millions of years
during and after their creation (Janecke and
others, 2000).

Subsequent east—west shortening dissected
the earliest folds along a system of northwest-
striking reverse and normal faults with strike-
slip components (Lonn and others, 2013c;
2016b). The resulting major faults of the

quadrangle (fault map on plate 1)—the North
Fork Thrust, Freeman Thrust, Eastern Strand of
the Beaverhead Divide Fault, and the Jackson—
Buffalo Creek Fault Zone—formed during this,
probably Late Cretaceous, time, along with the
Grasshopper Thrust system exposed just east
of the quadrangle (Ruppel and others, 1993).

. Between about 81 Ma and 46 Ma intrusive

activity was widespread in the northeast and
northwest parts of the quadrangle. The younger
activity is inferred to be related to extensional
tectonism and Challis volcanism.

Significant Tertiary extension affected the
entire region, producing the many normal
faults that bound the Tertiary valleys such

as the Meriwether Lewis Fault and Muddy—
Grasshopper Detachment, and reactivating
preexisting fabrics and faults, including both
strands of the Beaverhead Divide Fault,

the Moose Creek Fault, and the Jackson—
Buffalo Creek Fault Zone (plate 1). Two main
periods of extension occurred: late Eocene to
early Miocene extension was dominated by
detachment faults, whereas cross-cutting Basin
and Range extension is Miocene to Quaternary
(VanDenburg and others, 1998; Janecke, 2007).
The Muddy—Grasshopper Detachment on the
southeast edge of the Salmon quadrangle had
top-west movement during Eocene and early
Oligocene time, forming the basin in which
the Medicine Lodge beds were syntectonically
deposited (Janecke and others, 1999, 2001,
2005). The detachment flattens at about 1.5
km depth and had 5-10 km of slip (Kickham,
2002; Matoush, 2002; Janecke and others,
2005).

Oligocene basalt flows (27-28 Ma; Janecke
and others, 2005) at the top of the Medicine
Lodge beds were folded and faulted prior

to deposition of the Everson Creek beds in
Oligocene to early Miocene time. Janecke
(1994), Stroup and others (2008), Roe (2010),
and Barber (2013) report detrital zircon data
and paleocurrent indicators in the Everson
Creek beds that suggest the Big Hole and
Grasshopper basins were once linked. They
document paleoflow towards the south and
southeast across the divide between the upper
Big Hole and Grasshopper Valleys.
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Figure 3. Sketch of a cross section drawn across the Beaverhead Range, northwest of cross section
A-A, restored to pre-fault geometry by realigning stratigraphic contacts. Black circles along FT and
black triangles along ES BDF show modern erosion levels restored to pre-fault locations and represent
net offset along faults. SBD, Salmon basin detachment; FT, Freeman Thrust; NFT, North Fork Thrust;
WS BDF, western strand Beaverhead Divide Fault; ES BDF, eastern strand Beaverhead Divide Fault;
MCF, Moose Creek Fault; Cz, undivided Cenozoic sediments; other units as on plate 1. After Lonn and
others, 2016b.

9. The total amount of Tertiary and younger as part of the Basin and Range province, and
extension within the Salmon quadrangle is fault scarps cutting Quaternary deposits were
unknown, but it must have been considerable. observed in several places (Jdnecke and others,
Drillhole and geophysical data within the Big 1999; Kickham, 2002; Matoush, 2002; Janecke
Hole Valley north of the quadrangle show and others, 2005; Janecke, 2007; Lonn and
that the valley is as deep as 4,850 m (15,900 others, 2006; Lonn and Lewis, 2012; Lewis

ft; Roe, 2010). The region is still extending and others, 2009a).
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10. Pediments developed in the Grasshopper basin
across faulted and folded basin-fill (Jdnecke
and others, 2005). These were partially
mantled with gravel and colluvium. Numerous
landslide deposits formed, mostly in the
Tertiary sediments.

11. In the Pleistocene, the high elevations of the
Beaverhead and Pioneer Mountains were
extensively glaciated several times. Much
of the bedrock along the eastern flank of the
Beaverhead Mountains is covered by till and
outwash.

Descriptions of Major Faults (plate 1)

Interpretations of the major faults are largely sum-
marized from Lonn and others (2016b).

North Fork and Freeman Thrusts

The North Fork and Freeman Thrusts along the
western border of the map strike northwest, dip gen-
tly southwest, and are closely parallel up to where
they merge in the southwestern part of the map. Each
has a parallel left-stepping bend near cross section
A—A'. Mylonitic lineations plunge due west, and
shear sense indicators show top-to-the-east, sinistral-
reverse movement. Because the fault plane strikes
north-northwest, and lineations plunge due west, a
component of left-lateral offset must be included. Both
faults appear to have formed simultaneously as an
east-directed thrust system. However, the correlation
of the hanging wall units in both faults is uncertain
(see Description of Map Units section for more detail),
and therefore, amount of offset is unknown. Figure
3 interprets the Freeman Thrust as an older-over-
younger fault, with offset estimated to be more than
10 km (Lonn and others, 2016b). An alternative is that
the Freeman Thrust is a younger-over-older thrust with
amount of offset then being unknown. The hanging
wall unit of the structurally higher North Fork Thrust
is also of uncertain affinity, but both alternatives in-
terpret the North Fork Thrust as a younger-over-older
thrust.

Western Strand of the Beaverhead Divide Fault

The Western Strand of the Beaverhead Divide
Fault (WS BDF) strikes northwest, dips 35—65° south-
west (cross section A-A'), and exhibits normal-sense
stratigraphic offset. Thin sections show mylonitic
foliation defined by ribbons of recrystallized quartz

4

separated by phyllosilicate films, with poorly devel-
oped lineations and shear sense indicators. The fault is
locally intruded by 46 Ma (Richard Gaschnig, writ-
ten commun., 2009) mafic dikes that are commonly
mylonitic with well developed, due-west-plunging
lineations. S-C fabrics show west-side-down, oblique-
normal movement, confirming the normal-sense
stratigraphic offset. Some movement along this fault
occurred after 46 Ma, although earlier activity may
have also occurred.

Eastern Strand of the Beaverhead Divide Fault

The Eastern Strand Beaverhead Divide Fault (ES
BDF) is a generally northwest-striking, steeply south-
west-dipping fault that closely parallels the structur-
ally higher Freeman Thrust, even along the left-step-
ping bend. Lonn and others (2016b) interpret the fault
parallelism, the proximity of mylonitic foliation and
sheath folds, and the occurrence of a horse of Paleo-
proterozoic crystalline basement on its southeastern
segment to suggest initial compression, even though
stratigraphic offset is normal-sense along its entire
length. There are no obvious shear sense indicators to
help solve this paradox.

Both hanging wall and footwall of the ES BDF
contain parallel, very thick, east-facing homoclines of
Lembhi strata (plate 1), and the simplest explanation for
this similarity is that both sides were originally part
of the same giant fold limb (Lonn and others, 2016b).
Figure 3 shows how the observed geometry might
have formed by dissection of single giant, northeast-
verging anticline along the North Fork Thrust, Free-
man Thrust, WS BDF, and dextral-normal-sense ES
BDF. Normal-sense offset on the ES BDF is inter-
preted to have occurred in a compressive environment
at approximately the same time as the Freeman—North
Fork thrust systems were active. Perhaps the ES BDF
footwall was initially a southwest-directed, northeast-
dipping reverse fault that has been rotated into its
present southwest-dipping orientation. Or perhaps the
northeast side was extruded or popped up between the
ES BDF and a fault further east such as the Moose
Creek Fault discussed below. In the southwestern part
of the map, a horse of Paleoproterozoic crystalline
basement occurs along the ES BDF between a down-
to-the-southwest normal fault and the down-to-the-
northeast Monument Fault, which also supports the
hypothesis that the ES BDF developed initially as a
contractional fault.
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Tertiary, down-to-the-west, normal movement on
the ES BDF is indicated by Tertiary deposits pre-
served along both its southernmost and northernmost
segments (Lonn and others, 2013a; Lewis and oth-
ers, 2009a) and by breccia along its fault plane south
of the Carmen Creek stock (Lonn and others, 2008).
Although all movement on the ES BDF could be at-
tributed to Tertiary extension, it seems more probable
that northwest-striking segments of the Cretaceous
fault were reactivated in a Tertiary extensional setting.
Offset on the ES BDF is approximately 4-8 km (2.5-5
mi; Lonn and others, 2016b).

The southern, extensional, end of the ES BDF was
named the Bloody Dick Fault by Coppinger (1974), a
name that continues to be used (e.g., Sherwin and oth-
ers, 2017).

Moose Creek Fault

A northwest-striking, steeply northeast-dipping
fault system with normal-sense stratigraphic offset ex-
tends along the eastern flank of the Beaverhead Range
in the northern part of the map. East-dipping cleav-
age and outcrop-scale drag folds near the fault sug-
gest down-to-the-northeast normal-sense movement.
Although stratigraphic displacement is small across
the Moose Creek Fault, it might be a component of the
Tertiary fault system responsible for the great depth of
the Big Hole Basin.

Buffalo Creek—Jackson Fault

The poorly exposed Buffalo Creek—Jackson Fault
strikes north to northwest and separates dissimilar Me-
soproterozoic sections. No Apple Creek Formation is
preserved on the northeast side; in its place, the Law-
son Creek Formation is very thick and coarse grained.
The Buffalo Creek Fault could represent either a
Cretaceous thrust with significant displacement or a
reactivated Mesoproterozoic growth fault.

Monument Fault

The Monument Fault juxtaposes Paleoprotero-
zoic gneiss against Mesoproterozoic quartzite on the
southern edge of the quadrangle. There are at least five
possible interpretations for the fault:

1. Reverse fault dipping south, placing older
rocks over younger (Coppinger, 1974; Sherwin
and others, 2017),

2. Steeply dipping southwest-side-up fault that is
part of the complex Beaverhead Divide fault
system (Lonn and others, 2016b),

3. Vertical left-lateral Great Divide Megashear
that juxtaposes the Belt and Lemhi basins
(O’Neill and others, 2007),

4. North—northeast-dipping reverse fault that
places younger rocks over older rocks (Ruppel
and others, 1993),

5. No fault at all, but an angular unconformity
folded into an upright anticline (S. Janecke and
C. Elliott, unpublished).

A 2017 conference field trip to the fault had the
goal of reaching a consensus (Elliott and Lonn, 2017).
It was agreed that Belt rocks structurally overlie base-
ment at the southeast end of the fault, and that the
northwest end of the fault has the characteristics of a
vertical shear zone. Otherwise, there was no consen-
sus.

Grasshopper Thrust (also known as the Kelley Thrust)

Just beyond the eastern edge of the map, the north-
striking, east-directed Grasshopper Thrust (fig. 1;
Ruppel and others, 1993) places Lemhi subbasin strata
over the Mesoproterozoic eastern margin of the Lemhi
subbasin (McDonald and Lonn, 2013). All pre-Tertiary
rocks of the Salmon quadrangle are therefore alloch-
thonous. Tertiary normal faults obscure the Grasshop-
per Thrust system along much of its length (McDonald
and others, 2012) just as they complicate the other
faults described above.

Muddy-Grasshopper Detachment and Other Normal
Faults

Janecke and others (1998, 1999, 2005; VanDen-
burg and others, 1998) describe the Muddy—Grass-
hopper Detachment as a shallowly west-dipping fault
active from mid-Eocene to Oligocene times along the
east edge of the Muddy Creek, Medicine Lodge, and
Grasshopper basins and beneath the Horse Prairie
subbasin. The Medicine Lodge beds were deposited
during extension in an east-tilted half-graben, and
sedimentation continued as younger normal faults dis-
sected the half-graben, as detailed in VanDenburg and
others (1998) and Janecke and others (2005).
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The Meriwether Lewis Fault zone is largely con-
cealed. Stratigraphic offset does not require this to be a
large fault zone, but Kickham (2002) estimates an off-
set of more than 5 km (3 mi). The numerous other Ter-
tiary normal faults mapped in the Salmon quadrangle
vary in strike from northwest to north to northeast, and
can be either down-to-the-east or down-to-the—west.

Detrital Zircon Data (fig. 4)

Four detrital zircon samples of quartzite from the
southeastern part of the quadrangle were collected
and analyzed by Paul Link, Nathan Anderson, and
Nick Krohe (written commun., 2016). Zircon U-Pb
ages were obtained at the Arizona Laserchron Labo-
ratory, with 100—106 grains analyzed per sample.
Results are shown in figure 4 and appendix A, with
sample locations shown on the geologic map (plate 1).
Probability-frequency plots from all samples resemble
published detrital zircon data from the Missoula
Group and Lemhi strata (Link and others, 2016), with
a major peak between 1,700 Ma and 1,730 Ma. Plots
from 01NA15 and 02NA15 confirm their assignment
to the Swauger Formation as shown on the geologic
map. The plot for 03NA15 is also similar to Swauger
Formation plots, but has been assigned to the Lawson
Creek Formation based on its stratigraphic position
above the chert-bearing zone at the base of the Lawson
Creek Formation. Previously published detrital zircon
data for the Lawson Creek Formation are few, but a
plot from near the type section (Link and others, 2016)
is similar to 03NA15. Three grains between 1,360 Ma
and 1,400 Ma indicate that sample 03NA15 represents
the youngest part of the Belt Supergroup, consistent
with the stratigraphic position on the map.

Sample 05NA15 shows peaks at 1,721 Ma, 1,745
Ma, and 1,775 Ma, rather than a single sharp 1,720 Ma
peak like the other three samples. Also in contrast to
the other samples is the large percentage (17 percent)
of Archean grains. Map relationships show sample
05NATS to be from the Jahnke Lake member of the
Apple Creek Formation even though it is coarser than
is typical. The 1,775 Ma detrital zircon peak confirms
its assignment. The coarse grains were likely derived
from the nearby Dillon block, and they were probably
also the source of the Archean ages. Other detrital zir-
con samples from this region also yielded significant
Archean grains (Link and others, 2016; Sherwin and
others, 2017).
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DESCRIPTION OF MAP UNITS

QUATERNARY, TERTIARY, AND MESOZOIC

DEPOSITS

Qal Alluvium (Holocene)—Modern stream and

floodplain deposits. As much as 100 m thick.

Qta Talus and glacial deposits, undifferenti-

ated (Holocene)—Piles of angular boulders to

cobbles on glaciated valley walls and in cirques.

Mostly pro-talus ramparts, talus aprons, and
slumps derived from moraine remnants and
recent frost-wedged quartzite debris. Includes
some alluvial fan gravel, and young glacial and
periglacial deposits. Thickness less than 18 m
(60 ft).

Qaf Alluvial fan deposits (Holocene and Pleis-

tocene)—Subangular to subrounded, poorly
sorted, cobble to boulder gravel, silt, and sand.
Thickness unknown, but probably less than 60
m (200 ft).

Qalo Older alluvium (Holocene and Pleisto-

Qls

Qlk

Qg

cene)—Stream and floodplain deposits that are
above the modern floodplain. Includes glacial
outwash gravels, subrounded to rounded, well-
sorted sandy cobble to boulder gravel and sand.
Thickness unknown, but probably less than 150
m (490 ft).

Landslide deposits (Holocene and Pleisto-
cene)—Unsorted mixtures of silt, clay, sand,
gravel and boulders. Typically characterized by
hummocky topography. Not all mass wasting
deposits are shown on the map because they are
difficult to unambiguously identify.

Lake deposits (Holocene and Pleistocene)—
Silt and sand deposited in standing water.
Thickness 1-4 m (3—13 ft).

Glacial deposits, undivided (Holocene and
Pleistocene)—Most is unsorted, sandy to
clayey, boulder to large boulder till with suban-
gular to subrounded clasts. Also includes minor
outwash, fan, kame, and esker deposits. Most
till is probably of Pinedale age, but unit also
includes younger glacial and periglacial depos-
its in higher elevations, and older till. There are
older, partially dissected moraines located just

Qc

west of Jackson, Montana. As thick as 100 m
(330 ft).

Colluvial deposits (Holocene and Pleisto-
cene)—Mapped separately where so thick it
completely masks the underlying deposits (Jén-
ecke and others, 2005).

Qgr Gravel (Holocene and Pleistocene)—Thin

pediment gravel deposits.

QTdf Alluvial fan and debris flow fan deposits

(Pleistocene to Tertiary)—Subangular to sub-
rounded, poorly sorted, boulder-cobble gravel,
sand, and silt. Perched as much as 60 m above
modern streams, but associated with modern
drainages. Mapped in the northeastern part of
the quadrangle. Thickness unknown.

QTgr Gravel (Miocene or younger)—Immature,

Tbr

Ts

Tcl

unsorted, quartzite cobble gravel that may be
colluvium or lag deposits from older gravel. No
bedding or primary structures are visible. Forms
aprons that slope away from highlands. May

be equivalent to the Big Hole River Member of
the Sixmile Creek Formation (Fritz and Sears,
1993). Thickness up to 60 m (200 ft).

Breccia (Tertiary?)—Area of angular quartz-
ite clasts from pebble- to boulder-sized. Part of
larger breccia field in the adjacent Ermont 7.5’
quadrangle (McDonald and Lonn, in review).
Commonly lithified. Map pattern forms a half-
circle around Black Mountain located along the
border between the Ermont and west-adjacent
Polaris 7.5" quadrangles (Lonn and Lewis,
2012). Interpreted as a sedimentary debris flow
or landslide deposit, but could be of tectonic
origin. Unknown thickness.

Sediments, undifferentiated (Tertiary)—
Gravel, silt, sand, and clay. Red to pink, crudely
bedded, poorly sorted, angular to subangular
boulders, cobbles, pebbles and sand appear to
overlie finer-grained sediments; otherwise there
is no stratigraphic control. Thickness as much
as 130 m (430 ft).

Silt and clay (Miocene? to Eocene?)—Light
yellowish brown, massive silt and clay contain-
ing sparse matrix-supported pebbles and boul-
ders. Typically capped by a flat surface of lag

deposits containing subangular to subrounded
7
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cobbles and boulders. Very poorly exposed.
Thickness as much as 540 m (1,750 ft). Prob-
ably locally equivalent to the upper Medicine
Lodge beds (Tml) of Janecke and others (2005)
but may correlate with Everson Creek (Tec) or
Bannock Pass beds (Tbp).

Tgr Fluvial gravel (late to middle Miocene)—Ma-

ture gravel of well-rounded quartzite cobbles in-
terlayered with varying amounts of fine-grained
and ashy clastic sediments. Locally expressed
as a lag deposit of cobbles. Appears to be the
base of the Tertiary section where it rests on
bedrock. In other places might be the Big Hole
Member of the Sixmile Creek Formation else-
where in southwest Montana (Fields and oth-
ers, 1985; Fritz and Sears, 1993). Within the
Grasshopper basin, mature gravel is interlayered
with fine-grained lithic sandstone, siltstone,
reworked tephra and ash, and mudstone that
weathers to tan, buff and white, and is gener-
ally poorly exposed. Janecke and others (2005)
called these the Bannack (sic) Pass beds. Bed-
ding and sedimentary structures are obscured
by intense burrowing. Vertebrate fossils from
correlative deposits at Bannock Pass in far
southwest Montana are early to middle Miocene
(M’Gonigle, 1994; Barnosky, 2001, 2007; Har-
ris and others, 2017). At Bannock Pass, detailed
tephrochronology places the base of Tsc at 21.4
Ma (Harris and others, 2017). Tabrum (in Nich-
ols and others, 2001) identified fossils near Po-
laris as late Arikareean (North American Land
Mammal age, ca. 18.5-23.0 Ma, after Barnosky
and others, 2014). Thickness unknown.

Tec Everson Creek beds (early Miocene to late

Oligocene)—Interbedded coarse sand, silt,

and clay with minor conglomerate. Generally
poorly exposed, but reflected by mottled uneven
surfaces visible in aerial photographs. Areas un-
derlain by Tec are oddly mottled and uneven in
airphotos, which may reflect mass wasting, but
also may reflect variation in lithification within
the unit. Well-lithified sandstone and conglom-
erate channels running through the soft, poorly
lithified, muddy sediments that make up the
bulk of Tec may also account for the unusual
surface features. Distinctive, well-cemented
lenses of two-mica-bearing feldspathic sand-
stone and conglomerate have trough to planar

cross beds and well-developed pebble imbrica-
tions. Lenses are interpreted to be fluvial chan-
nel deposits within overbank muds (Thomas,
1995; Roe, 2010; Barber, 2013). Vertebrate fos-
sils from correlative units in the Everson Creek
7.5" quadrangle to the south indicate a late early
Arikareean age (Nichols and others, 2001;
North American Land Mammal age, ca. 29.5—
25.0 Ma, after Barnosky and others, 2014).

Tls Paleolandslide deposits (Oligocene and/

or Eocene)—Unsorted hummocky deposits
and large slide blocks. Composition typically
reflects quartzites of the immediate source area,
but locally includes both intact and brecciated
masses of Challis Volcanic Group clasts (Ja-
necke and others, 2005). Locally interbedded
with Medicine Lodge beds (Tml and Tmlc).
Janecke and others (2005) describe slide blocks
up to 2 km long (1.2 mi), including a large
block of maroon quartzite that now makes up
Red Butte in the southeast corner of the map
area. They describe the quartzite as belonging
to the Missoula Group of the Belt Supergroup,
but it is more likely to be from the Swauger
Formation. Jianecke and others (2005) interpret
Tls deposits as having slid from the west into
the Grant protobasin during extension on the
shallowly west-dipping Muddy—Grasshopper
Detachment. However, Lonn interprets these
exposures as para-autochthonous bedrock knobs
protruding through the Cenozoic deposits, de-
veloped by pre- or early Tertiary erosion.

Tml Medicine Lodge beds and equivalents (late

Oligocene to Eocene)—Basin-fill depos-

its described in detail by Janecke and others
(2005). Includes a wide variety of clastic sedi-
ments that grade laterally over short distances
from conglomerate to feldspathic and quartzose
sandstones, shale, and mudstone. Sediments are
commonly tuffaceous. Sandstones are typi-
cally lenticular and cross-bedded. Fossils and
“Ar/*Ar dates for volcanic components (sum-
marized in table 1 of Janecke and others, 2005)
support the conclusion that the Medicine Lodge
beds are equivalent in age to the Renova For-
mation elsewhere in Montana. Thickness over
1,000 m (3,300 ft) in the southeast corner of the
map.
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Tmlc Medicine Lodge beds conglomerate (Oligo-
cene to Eocene)—Angular to rounded, quartz-
ite cobble conglomerate and angular to rounded
cobble float that is locally well cemented.
Composed of alluvial, fluvial, and debris flow
deposits generally derived from Proterozoic
rocks of adjacent highlands, though conglom-
erates on the farthest east were derived from
Paleozoic and Mesozoic rocks in the footwall of
the Muddy—Grasshopper Detachment (Jdnecke
and others, 2005). As thick as 550 m (1,800 ft).

TKb Beaverhead Group (Tertiary? and Creta-
ceous)—Massive boulder-cobble conglomer-
ate containing mostly Proterozoic quartzite
and Paleozoic limestone clasts. In contrast to
Tertiary conglomerates, it is complexly folded
and well indurated. Occurs in the footwall of a
thrust fault along the southeastern border of the
quadrangle.

PALEOZOIC STRATA

A poorly exposed and incomplete Middle Cam-
brian to Pennsylvanian section is present in the north-
eastern part and along the central eastern border of the
Salmon quadrangle. A fault system at a low angle to
bedding omits various Cambrian units. This bedding-
parallel fault system is very similar to one in the north-
ern Pioneer Mountains that also tectonically thins the
lower Paleozoic section (McDonald and others, 2012).

Pq Quadrant Formation (Pennsylvanian)—
Light gray, pinkish gray, and yellowish gray,
medium- to thick-bedded, medium- to fine-
grained, well-sorted, quartz sandstone with
rounded grains cemented by quartz over-
growths. Very light gray, medium to thick
dolomite beds may be present in the lowermost
and uppermost parts, interbedded with quartz
sandstone. Occurs as brecciated masses associ-
ated with complex faulting in the easternmost
part of the quadrangle.

Mm Madison Group, undivided (Mississippi-
an)—Mostly Mission Canyon Limestone: Gray,
microcrystalline, thick-bedded locally fossil-
iferous limestone with abundant gray, black,
olive, and pale yellowish brown lentil-shaped or
elongate chert nodules. Includes some Lodge-
pole Limestone: Dark gray, thin-bedded, micro-

Dj

€rl

€h

€q

crystalline limestone, with yellowish brown and
grayish orange, thin partings and interbeds of
calcareous mudstone. Exposed only on a thrust
plate in the southeastern part of the map. Thick-
ness unknown.

Jefferson Formation (Devonian)—Dark gray,
yellow, and white, sugary dolomite and lime-
stone. Commonly bleached and recrystallized to
white marble. Dark gray dolomite distinguishes
this unit from the lighter-colored Hasmark
Formation (unit €h). Strongly deformed, with
numerous intraformational faults, abundant
tectonic breccia, and tight folds. Deformation
makes thickness estimates problematic, but
probably more than 300 m (980 ft) thick.

Red Lion Formation (Cambrian)—Multi-
colored and lithologically variable unit that
includes red dolomite with thin maroon anas-
tomosing shaly layers, shaly conglomerate
containing limestone and mud-chip intraclasts,
reddish calcareous silty shale, and calcareous
and non-calcareous sandstone and quartzite.
Thickness approximately 40 m (130 ft).

Hasmark Formation (Cambrian)—Light
gray to white, thinly laminated to massive dolo-
mite with minor magnesium limestone intervals.
Weathers very light gray with a smooth, lami-
nated surface. Thickness as much as 100 m (330
ft).

Quartzite (Cambrian)—Dense, white, mod-
erately well-sorted, fine- to medium-grained
quartzite. Bedding difficult to see. Contains
96-99 percent quartz, 1-2 percent plagioclase,
no potassium feldspar, and 1 percent red chert
and black hematite grains. Also contains sparse
coarse floating grains of well-rounded quartz.
Interpreted to lie above or within the upper part
of the Silver Hill Formation. Similar quartzite
occupies an identical stratigraphic position near
Argenta, 10 km (6 mi) east of the map area,
where it is gradational with underlying mica-
ceous shale (McDonald and Lonn, in review).

€sh Silver Hill Formation (Cambrian)—Litho-

logically varied unit. Very poorly exposed, but
contains brown to greenish brown micaceous
shale, distinctive red to maroon argillite and
siltite, dark gray limestone with wavy yellow-

9
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brown silty seams that impart a “black and
gold” color to rock, calcareous sandstone,
white, feldspar-poor quartzite, and quartz-peb-
ble conglomerate. Thickness as much as 105 m
(345 ft).

€f Flathead Formation (Cambrian)—Dense,
hard, pink, white, or salmon, medium- to
coarse-grained, moderately sorted, thick-bed-
ded, feldspar-poor quartzite with prominent
crossbeds, although locally the laminations are
faint. Contains massive beds up to 1 m (3 ft)
thick. Most grains are rounded to subrounded.
Contains rare granules and small rounded peb-
bles of quartzite, quartz, and red chert. Contains
89-97 percent quartz, no potassium feldspar,
0-3 percent plagioclase, up to 3 percent red
chert (?) grains and up to 11 percent interstitial
sericite and other unidentified interstitial miner-
als. Occurs in the northeastern part of the quad-
rangle where it overlies Swauger Formation
or Lawson Creek Formation. Thickness varies
from less than 200 m (660 ft) near Jackson to
more than 600 m (2,000 ft) on the eastern edge
of the quadrangle. While these thicknesses ap-
pear atypical for Flathead Formation, in the east
adjacent Ermont 7.5’ quadrangle (McDonald
and Lonn, in review), it was estimated to be 600
m (2,000 ft) thick, and McDonald (in review)
reports an estimated thickness of 305 m (1,000
ft) in nearby areas. The contact with underlying
Mesoproterozoic units is a low-angle unconfor-
mity that is difficult to pinpoint.

MESOPROTEROZOIC STRATA

Our new mapping shows that >4,500 m (14,800
ft) of Mesoproterozoic strata rest on top of the previ-
ously described Lemhi Group and overlying Swauger
and Lawson Creek Formation (Ruppel, 1975; Hobbs,
1980; Burmester and others., 2013, 2016a; fig. 1). We
now refer to the Lemhi Group plus the strata above
it—Swauger, Lawson Creek, and Apple Creek For-
mations—as the Lemhi subbasin strata. These strata,
which are sandier than typical Belt units, extend north
and northeast into Montana where they grade into the
Missoula Group of the upper Belt Supergroup (fig. 2;
Lonn, 2014; Lonn and others, 2016a,b).

The MBMG-IGS collaborative team now assigns
all Proterozoic strata in the Salmon quadrangle to the
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Lembhi subbasin section (Burmester and others, 2013,
2016a,b, 2017). However, the thicknesses and litholo-
gies of the Swauger Formation, Lawson Creek For-
mation, and Jahnke Lake member of the Apple Creek
Formation change considerably from the western to
the eastern and northern sides of the quadrangle. The
Jahnke Lake member is unrecognized northeast of the
Buffalo Creek—Jackson Fault Zone, where Cambrian
strata disconformably overlie a thick section of Law-
son Creek Formation. Eastward changes in grain size
and thicknesses in the Swauger Formation, the Law-
son Creek Formation, and the Jahnke Lake member
(described below) could be the result of facies changes
near the eastern margin of the Lembhi subbasin, or they
could result from miscorrelation of the argillite-rich
intervals used to divide the formations within this
immensely thick quartzite succession. The Gunsight
Formation is also coarser grained and thicker bedded
to the east in the footwall of the Freeman—North Fork
Thrust than it is in the hanging wall near the western
border of the map. This may be the result of the prox-
imity of the Belt Basin margin immediately east of the
map, or it may because the western facies has been
miscorrelated (see discussion below).

Yaj Jahnke Lake member, Apple Creek Forma-
tion (Mesoproterozoic)—Gray, pale green or
light red to pink, thick-bedded, very fine- to
medium-grained, well-sorted, very feldspathic
quartzite. In the west, bedding is difficult to see,
but where visible is commonly defined by dark
laminations rich in hematite grains. Convolute
bedding resulting from soft sediment deforma-
tion is common. Thin skins of green argillite
commonly separate the meter-scale quartzite
beds, and thin mud rip-ups are present but
uncommon. Rare chert rip-ups are also pres-
ent. Toward the east, the rocks are less meta-
morphosed, bedding is well-defined, and small
red mud chips are locally abundant. Feldspar
content ranges from 20 percent to 50 percent,
with plagioclase more abundant than potassium
feldspar in the west, subequal in the east. The
unit is correlated with the lowest part of the
redefined Apple Creek Formation in the Lemhi
Range to the southwest (Burmester and oth-
ers, 2013, 2016a,b). Best exposed on the ridge
north of Jahnke Lake on the Goldstone Pass 7.5’
quadrangle (Lonn and others, 2009). Thickness
ranges from 0 m near Jackson in the northeast-
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Yic

ern part of the quadrangle to 4,300 m (14,000
ft) in the hanging wall of the Eastern Strand of
the Beaverhead Divide Fault, where the upper
contact is not exposed and the lower contact is
gradational with the underlying Lawson Creek
Formation.

Lawson Creek Formation (Mesopro-
terozoic)—Characterized by couplets (cen-
timeter-scale alternating beds) and couples
(decimeter-scale alternating beds) of fine- to
medium-grained white quartzite alternating
with purple, black, and green argillite. Len-
ticular and flaser bedding are common and
characteristic. Mud rip-up clasts are locally
common, and some are very large, as much as
15 cm in diameter; chert beds and cherty rip-up
clasts are less common. The thick section on
the eastern part of the quadrangle is dominated
by thick intervals of fine- to medium-grained,
relatively quartz-rich (up to 90 percent) quartz-
ite separated by thinner argillite-rich intervals.
In the western part of the map, the lower con-
tact is placed at the bottom of the thin-bedded,
argillite-rich interval that gradationally overlies
the coarse-grained Swauger Formation, and the
upper contact is placed at the top of the upper-
most argillite-rich strata beneath the dominantly
thick-bedded, fine-grained quartzite of the
Jahnke Lake member of the Apple Creek For-
mation. In the eastern part of the map, northeast
of the Buffalo Creek—Jackson Fault Zone, the
lower contact is placed at the lowest occurrence
of chert rip-up clasts above the coarse-grained
Swauger Formation and the upper contact is not
exposed. Not identified along the eastern border
of the map where Cambrian sediments overlie
Swauger Formation. Thickness where identified
varies from 300 m (980 ft) in the Beaverhead
Mountains to 2,150 m (7,000 ft) on the east
side of the Buffalo Creek—Jackson Fault. The
detrital zircon data presented above suggest that
the large difference in thicknesses is due to fa-
cies changes across the Buffalo Creek—Jackson
Fault, with the upper part of the Lawson Creek
northeast of the fault being time-correlative
with the Jahnke Lake member southwest of the
fault. The Lawson Creek Formation is tenta-
tively correlated with the McNamara Formation
of the Missoula Group, Belt Supergroup, on the

basis of similar lithology and stratigraphic posi-
tion.

Ysw Swauger Formation (Mesoproterozoic)—

Red, pink, and white, poorly sorted, medium- to
coarse-grained, trough and planar cross-bedded
quartzite in beds as thick as 2 m (6 ft). Contains
small pebbles, black or purple mudcracked
argillite beds as thick as 2 cm, thick black mud
rip-up clasts, and coarse, floating, well-rounded
quartz grains. Chalky white feldspar grains

are obvious in hand sample. Feldspar content
ranges from 10 to 40 percent with potassium
feldspar dominant over plagioclase. Lower part
is very coarse and contains pebbles as large as

5 ¢cm in diameter of well-rounded quartzite and
angular quartz and feldspar. Grades downward
into the Gunsight Formation (Ygs), and up-
ward into Lawson Creek Formation (Ylc). Best
exposed section is on the ridge north of Miner
Creek in the Homer Youngs Peak 7.5" quad-
rangle (Lonn and others, 2008) in the Beaver-
head Mountains. Thickness varies from 5,500
m (18,000 ft) in the Beaverhead Mountains

to 2,770 m (9,100 ft) northeast of the Jackson
Fault Zone. As with the Lawson Creek Forma-
tion, this thickness variation could be due to
lateral facies changes or to miscorrelation of the
argillite-rich intervals that separate the Swauger
from the overlying Lawson Creek. The Swauger
Formation is tentatively correlated with the
Bonner and Mount Shields Formations of the
Missoula Group, Belt Supergroup, on the basis
of lithologic similarity and stratigraphic posi-
tion.

Ygs Gunsight Formation (Mesoproterozoic)—

Northeast of the North Fork Thrust, Gunsight
Formation is observed in stratigraphic contact
with the overlying Swauger Formation. Here,
Gunsight is mostly gray, pale green, or light red,
moderately well-sorted, fine-grained, very feld-
spathic quartzite characterized by flat lamina-
tions of black hematite; typically weathers into
thick (8 cm) plates. Contains some crossbeds
and minor thin argillite layers that are common-
ly mudcracked. Near the top, includes thin lay-
ers of coarse, well-rounded quartz grains inter-
preted to be lag deposits. Feldspar content is 35
to 40 percent, with plagioclase and potassium

feldspar in subequal amounts. Upper contact is
11
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gradational with the overlying Swauger Forma-
tion (Ysw). Only the upper 770 m (2,500 ft) is
exposed northeast of the North Fork Thrust.

Southwest of the North Fork Thrust, in its
hanging wall, Gunsight Formation (labeled
Ygs?) is thinner bedded and finer-grained,
consisting of interbedded intervals of couplets
(centimeter-scale beds) of dark siltite grad-
ing up to darker gray to green argillite, and
couples (decimeter-scale beds) of white, very
fine-grained, very feldspathic quartzite grading
up to dark-colored silt. Thicker beds typically
have bedding defined by dark millimeter-scale
flat laminations. Load casts, convolute lamina-
tion, and decimeter-thick stacks of centimeter-
scale ripple cross lamination are also common.
Coarser, quartzite-rich intervals appear to be
laterally discontinuous. Thickness uncertain
because of deformation, but a minimum of
2,400 m (7,900 ft) is likely. Unit Ygs? is fault
bounded, and therefore its stratigraphic position
is unknown. Although originally correlated with
Gunsight Formation (Burmester and others,
2016a), recent work outside the quadrangle has
called this interpretation into question (Bur-
mester and others, 2017). In addition, a single
detrital zircon grain from this unit immediately
south of the Salmon quadrangle yielded a 1,373
Ma age (Gillerman, 2008), suggesting the unit
is near the top of the Lemhi section (Apple
Creek) rather than near the bottom (Gunsight
Formation). Unit Ygs? may therefore be cor-
relative with part of the Apple Creek Formation.

Yyb? Yellow Lake and Big Creek Formations,
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undivided (Mesoproterozoic)—Quartzite,
siltite, and argillite that are commonly carbon-
ate bearing and locally phyllitic. Unit Yyb?
occurs in the structural domain between the
Freeman and North Fork Thrusts in the Beaver-
head Range, where complex internal faulting,
folding, and strong cleavage prevent separation
of individual formations. Big Creek Forma-
tion is mostly greenish, calcareous coarse siltite
in meter-thick beds. Yellow Lake Formation
gradationally overlies Big Creek, and is mostly
phyllitic dark-colored siltite and argillite cou-
plets (centimeter- to millimeter-scale), with
locally abundant carbonate and pinch-and-swell

bedforms. Complex structure precludes thick-
ness estimates, but together these formations
are at least 2,800 m (9,200 ft) thick in their type
sections in the Lemhi Range (Ruppel, 1975;
Lonn, 2017).

Similar lithologies in the North Fork area
northwest of this map (Burmester and oth-
ers, 2016a) have recently been reinterpreted as
the banded siltite member of the Apple Creek
Formation because diamictite was observed
(Burmester, Lewis, Lonn, unpublished map-
ping, 2017) and diamictite has been reported
only in members of the Apple Creek Formation
(Tietbohl, 1986; Connor and Evans, 1986; Tys-
dal, 2000). Therefore, an alternative interpreta-
tion is that this unit (Yyb?) also correlates with
the banded siltite member of the Apple Creek
Formation.

Xgbd Gneiss of Bloody Dick Creek (Paleopro-
terozoic)—Finely layered biotite gneiss with
zones of medium-grained augen gneiss, felsic
gneiss, and hornblende gneiss. Biotite schist
occurs within all gneisses. Primary mineralogy
is quartz, plagioclase, biotite, and hornblende,
with minor garnet and altered pyroxene (Cop-
pinger, 1974). Pearson and others (2017), using
zircon U-Pb and Lu-Hf analysis, postulated a
2,438 Ma protolith was intruded at 1,802 Ma
and metamorphosed at 1,759 Ma. They pro-
posed that all rocks had an igneous protolith.
Richard Gaschnig (written commun., 2009)
reported similar ages: about 1,800 Ma for
metamorphism and 1,830 Ma for the youngest
non-metamorphic zircons (Sherwin and others,
2017). Numerous centimeter- to meter-thick
quartz veins occur throughout the unit and are
associated with gold—silver—copper—lead miner-
alization (Brenner-Younggren and Cox, 2017).

IGNEOUS ROCKS

Intrusive rocks extensively exposed in the north-
eastern part of the quadrangle are part of the Pioneer
Batholith. A smaller composite stock, the Carmen
Creek Stock, crops out in the westernmost part of the
map area and has apparently intruded an east—west
structure interpreted as a down-to-the-south normal
fault. Eocene diorite dikes are scattered across the
quadrangle and locally intrude fault zones; some are
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strongly deformed and interpreted to record Eocene or
later faulting.

Tba Basalt (Oligocene)—Rusty brown weather-

Tdi

ing, dark gray, aphanitic, vesicular, and amyg-
daloidal basalt flows in the eastern part of the
quadrangle. Matoush (2002), Kickham (2002),
and Janecke and others (2005) reported four
nearly identical **Ar/*’Ar ages of 27-28 Ma for
erosional remnants of these basalt flows and
shallow intrusions. This valley-filling basalt has
impressive colonnades of cooling joints south-
west of Bannack, Montana. Some dikes are also
present in the underlying Medicine Lodge beds
but extrusive masses are more common than
intrusive ones. Tba is in the western edge of
the 53—17 Ma Dillon Volcanic field of Fritz and
others (2007).

Diorite dikes (Eocene)—Dark-colored, fine-
to medium-grained hornblende diorite. Mostly
occurs as dikes that may be undeformed, have
sheared margins, or be strongly foliated. One
dike in the Goldstone Pass 7.5" quadrangle
(Lonn and others, 2009) of the central Beaver-
head Range has a U-Pb zircon age of 46 Ma
(Richard Gaschnig, written commun., 2009).
Where deformed, these dikes record Eocene or
later faulting.

Tgd Granodiorite (Eocene)}—Hornblende—biotite

granodiorite of the Carmen Creek Stock in the
westernmost part of the quadrangle. Complexly
zoned oligoclase (An,, ..), quartz, microcline,
hornblende, and biotite are the major con-
stituents (MacKenzie, 1949; Anderson, 1959;
Kilroy, 1981). Eocene age based on “°Ar/*’Ar
dating of biotite (47.7 + 0.6 Ma and 49.4 £ 0.8
Ma) and hornblende (50.5 + 1.8 Ma; Kilroy,
1981), and a U-Pb zircon age of 49.2 + 1.7 Ma
(Darin Schwartz, written commun., 2011).

TKgd Granodiorite (Tertiary or Cretaceous)—

White, equigranular, biotite—hornblende
granodiorite. Composition typically 60 percent
plagioclase, 23 percent quartz, 9 percent biotite,
3 percent hornblende, 2 percent potassium feld-

spar, and 3 percent accessory minerals including

sphene, apatite, zircon, and pyrite (Coppinger,
1974).

TKv Volcanic rocks, undivided (Tertiary or
Cretaceous)—Gray, hornblende porphyry and
white to red lithic tuff containing round quartz
grains. Poorly exposed on the eastern edge of
the quadrangle. Mosolf (in review) reported
late Cretaceous U-Pb zircon ages for similar
volcanic rocks in the east-adjacent Bannack 7.5’
quadrangle.

Kdi Diorite (Cretaceous?)—Hornblende diorite
of the Carmen Creek Stock in the westernmost
part of the quadrangle. Composed of 5075 per-
cent hornblende along with plagioclase, hyper-
sthene, actinolite, quartz, and opaque minerals,
and also contains small hornblende pyroxenite
xenoliths (Kilroy, 1981).

Kgdp Porphyritic granodiorite (Cretaceous)—
Porphyritic biotite granodiorite of the Pioneer
Batholith. Contains phenocrysts of potassium
feldspar as large as 6 cm. Hornblende is absent
(Berger and others, 1983).

Kgd Granodiorite (Cretaceous)—Light gray,
massive, medium-grained, hornblende—biotite
granodiorite of the Pioneer Batholith in the
northeastern part of the quadrangle. Locally
contains large potassium feldspar phenocrysts
up to 2 cm long (Pearson and Zen, 1985; Zim-
belman, 1984). Equivalent to the Uphill Creek
granodiorite of Pearson and Zen (1985), the
predominant rock type of the Pioneer Batholith.
Best age estimate of the unit is an “°Ar/*Ar date
of 75 Ma (Snee, 1982).

Kgb Hornblende gabbro (Cretaceous)—Me-
dium to dark gray, medium- to coarse-grained,
hypidiomorphic granular hornblende gabbro
containing an average 40—45 percent plagio-
clase, 45-55 percent hornblende after augite,
3-5 percent augite cores in hornblende, and 0—5
percent biotite (Zimbelman, 1984; Pearson and
Zen, 1985). Age determined through U-Pb dates
is 70-72 Ma (Katie McDonald, written com-
mun.). Thought to be an early border phase of
the Pioneer Batholith (Snee, 1982; Zimbelman,
1984).

Kgd Quartz diorite (Cretaceous)—Biotite—horn-
blende quartz diorite of the Carmen Creek
Stock in the westernmost part of the map area.
Composed of 45-55 percent andesine (An

40750)
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along with hornblende, biotite, quartz, and
orthoclase (Kilroy, 1981). Cretaceous age based
on “Ar/*Ar hornblende dates of 81.5 + 1.6 Ma
and 80.3 £+ 2.2 Ma, which are considered to be
minimum ages for this unit (Kilroy, 1981).
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Table 01NA15. U-Pb geochronologic analyses.

Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th  206Pb* + 207Pb* + 206Pb* + Error 206Pb* + 207Pb* + 206Pb* + Best Age Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

-Spot 25 66 46404 1.6 11.0877 1.0 3.0860 3.1 0.2482 3.0 0.95 1429.0 38.0 1429.2 23.9 1429.5 18.8 1429.5 18.8 100.0
-Spot 95 143 56526 1.5 11.0763 0.9 3.0529 3.4 0.2452 33 096 14139 41.7 14210 262 14315 181 14315 18.1 98.8
-Spot 93 99 303583 0.7 11.0162 09 3.2040 33 0.2560 3.2 096 1469.3 424 14581 259 14419 17.0 14419 17.0 1019
-Spot 66 71 424176 2.1 11.0047 0.7 3.0808 4.0 0.2459 39 098 14173 494 14279 303 14439 140 14439 140 98.2
-Spot 17 1492 24698 11.5 10.6084 0.9 3.0339 2.8 0.2334 26 095 13524 31.8 1416.2 21.0 1513.4 16.7 15134 16.7 89.4
-Spot 67 1809 63304 10.7 10.4620 0.6 3.4589 2.6 0.2625 2.5 098 15024 339 15179 20.4 1539.6 10.7 1539.6 10.7 97.6
-Spot 13 56 31275 1.8 10.4182 0.9 3.7881 3.2 0.2862 3.1 096 1622.7 44.5 1590.2 25.9 1547.5 16.6 15475 16.6 104.9
-Spot 110 61 61971 1.5 9.8753 0.9 3.8876 2.8 0.2784 2.7 095 15835 379 16111 229 1647.4 16.2 16474 16.2 96.1
-Spot 87 81 43320 1.1 9.8326 0.8 4.0182 2.8 0.2865 2.7 096 16243 383 16379 227 16554 150 16554 15.0 98.1
-Spot 109 156 174620 2.1 9.8048 0.6 41354 24 02941 23 096 16619 33.6 16613 19.5 1660.6 12.0 1660.6 12.0 100.1
-Spot 20 59 39740 1.8 9.7776 0.9 42893 34 03042 33 0.97 17120 50.0 16913 284 16658 16.5 1665.8 16.5 102.8
-Spot 36 239 378191 1.8 9.7259 0.8 41688 2.4 02941 23 0.94 1661.8 33.2 16679 19.8 16756 155 1675.6 15.5 99.2
-Spot 19 78 46992 1.7 9.7172 0.8 43443 2.8 0.3062 2.7 0.96 1721.8 40.6 1701.8 23.2 1677.2 154 1677.2 154 102.7
-Spot 88 74 144622 1.9 9.6972 0.8 42419 3.5 0.2983 34 0.97 1683.0 49.8 1682.2 28.5 1681.1 156 1681.1 15.6 100.1
-Spot 2 85 34191 3.2 9.6643 0.8 44351 29 0.3109 2.8 0.96 1745.0 42.2 1718.9 23.8 1687.3 147 1687.3 147 1034
-Spot 34 113 165315 2.4 9.6510 0.7 41401 2.7 0.2898 2.6 0.96 1640.5 383 1662.2 225 1689.9 13.7 16899 13.7 97.1
-Spot 68 114 67710 3.5 9.6443 0.9 43112 2.8 03016 2.7 0.95 1699.0 39.9 16955 232 1691.1 160 1691.1 16.0 100.5
-Spot 4 207 116410 8.3 9.6324 0.6 43702 25 03053 24 0.97 17176 36.5 1706.7 20.6 16934 114 16934 114 1014
-Spot 84 183 76147 43 9.6288 0.8 43947 2.7 03069 2.6 0.96 17255 39.7 17113 22.7 16941 145 1694.1 145 1019
-Spot 63 62 749856 2.9 9.6195 0.8 43257 2.7 03018 2.6 0.96 1700.2 389 16983 225 16959 149 16959 149 100.3
-Spot 50 123 2373973 4.4 9.5958 1.0 42825 3.1 0.2980 3.0 0.95 1681.6 44.1 1690.0 25.9 1700.4 186 17004 18.6 98.9
-Spot 52 108 251818 5.2 9.5926 0.8 43960 2.8 0.3058 2.7 0.96 1720.2 40.2 1711.6 23.0 1701.1 143 17011 143 1011
-Spot 55 98 198671 2.3 9.5919 0.5 44065 2.8 0.3065 2.7 0.98 1723.7 41.2 1713.6 23.0 1701.2 9.7 1701.2 9.7 101.3
-Spot 46 146 241800 1.9 9.5892 0.7 45059 2.6 0.3134 25 096 17573 379 17321 213 1701.7 13.1  1701.7 13.1 103.3
-Spot 98 143 94433 1.6 9.5854 0.8 42865 2.9 0.2980 2.7 096 16814 40.6 1690.8 23.6 17024 156 1702.4 15.6 98.8
-Spot 33 90 50031 3.1 9.5848 0.9 44977 3.1 03127 29 096 1753.8 452 17305 25,5 17026 16.1 1702.6 16.1 103.0
-Spot 11 137 109045 43 9.5840 0.8 45642 2.6 03173 25 0.95 17763 39.1 17427 220 17027 146 1702.7 146 1043
-Spot 47 58 2057930 2.0 9.5833 0.6 44835 3.0 03116 29 0.98 1748.7 444 17279 246 17028 113 1702.8 113 102.7
-Spot 59 164 123454 5.0 9.5746 0.9 44899 2.6 0.3118 2.5 0.94 17495 381 1729.1 21.8 1704.5 158 17045 158 102.6
-Spot 5 80 35723 3.0 9.5701 1.0 44553 3.0 0.3092 2.8 0.94 1737.0 42.6 1722.7 24.5 1705.4 17.8 17054 17.8 1019
-Spot 94 86 12469 2.4 9.5634 1.2 42445 29 0.2944 2.7 0.92 1663.5 39.7 1682.7 24.2 1706.7 21.6 1706.7 21.6 97.5
-Spot 44 112 595841 3.8 9.5634 0.9 44347 2.8 0.3076 2.7 0.95 1728.8 40.5 1718.8 233 1706.7 16.4 1706.7 16.4 101.3
-Spot 108 95 201284 1.8 9.5630 0.7 4.4336 2.8 0.3075 2.7 097 17284 416 17186 23.5 1706.7 13.4 1706.7 13.4 1013
-Spot 16 190 142961 13 9.5579 0.7 4.4612 2.5 0.3093 2.4 096 1737.0 36.3 1723.8 20.7 1707.7 13.5 1707.7 13.5 101.7
-Spot 54 79 73342 1.8 9.5552 0.7 43803 33 03036 32 098 17089 482 17086 27.2 1708.2 132 1708.2 13.2 100.0
-Spot 92 112 162265 3.7 9.5548 1.0 43807 3.1 03036 29 0.95 1709.0 434 1708.7 253 17083 184 17083 18.4 100.0
-Spot 79 154 202832 4.8 9.5482 0.9 42462 29 02940 2.7 0.95 1661.7 40.0 1683.0 23.6 1709.6 16.5 1709.6 16.5 97.2
-Spot 10 184 1763615 6.2 9.5473 0.7 42684 2.5 0.2956 2.5 0.96 1669.3 36.1 1687.3 20.9 1709.8 12.4 1709.8 124 97.6
-Spot 106 97 59917 3.8 9.5462 0.7 43809 3.0 0.3033 29 0.97 1707.7 43.1 1708.7 24.5 1710.0 13.3 17100 133 99.9
-Spot 26 110 130300 1.8 9.5454 1.1 44130 3.6 0.3055 34 095 17186 51.3 17148 29.6 1710.1 20.3 1710.1 20.3 100.5
-Spot 74 87 170430 2.6 9.5451 0.8 43543 3.0 0.3014 29 097 16984 43,5 1703.7 24.9 1710.2 144 1710.2 144 99.3
-Spot 27 482 324620 3.1 9.5447 0.8 42989 2.5 0.2976 2.3 094 16794 34.1 1693.2 20.2 1710.3 15.4 17103 154 98.2
-Spot 31 123 293982 1.9 9.5425 0.9 44186 2.6 03058 24 0.94 17200 36.7 17158 214 17107 164 1710.7 16.4 100.5
-Spot 42 263 431798 2.7 9.5410 0.8 43096 2.7 02982 26 0.96 16825 389 16952 225 1711.0 140 1711.0 14.0 98.3
-Spot 70 299 245177 49 9.5378 0.9 42324 28 02928 2.6 0.94 16554 381 16803 22.7 17116 168 1711.6 16.8 96.7
-Spot 21 138 99404 3.8 9.5365 1.0 43550 3.0 0.3012 2.8 0.94 1697.3 41.6 1703.8 24.6 1711.8 19.2 17118 19.2 99.2
-Spot 96 163 755272 4.2 9.5360 0.7 42735 2.4 0.2956 2.3 0.96 1669.3 344 1688.3 20.1 1711.9 12.8 17119 128 97.5
-Spot 9 317 201062 1.0 9.5269 0.9 43638 2.7 0.3015 2.5 094 1698.8 37.3 1705.5 22.0 1713.7 173 1713.7 173 99.1
-Spot 30 1656 121172 2.7 9.5235 0.7 43335 23 0.2993 22 095 16879 33.2 1699.8 19.4 1714.4 13.4 17144 134 98.5
-Spot 102 165 225744 3.0 9.5220 0.7 4.4055 2.7 03042 2.6 096 17123 389 17134 22.3 1714.6 13.7 17146 13.7 99.9
-Spot 78 199 98908 6.5 9.5218 0.7 44230 2.7 03054 26 0.97 17183 389 17167 221 17147 125 17147 125 100.2
-Spot 40 64 31832 134 9.5142 0.7 43912 29 03030 2.8 0.97 17062 42,6 17107 242 17161 133 17161 133 99.4
-Spot 1 190 155997 3.2 9.5091 0.8 42638 2.7 02941 25 0.95 1661.8 37.1 16864 21.8 1717.1 145 1717.1 145 96.8
-Spot 24 401 792592 3.4 9.5067 0.8 43224 2.2 0.2980 2.1 0.94 16815 30.6 1697.6 18.2 1717.6 139 17176 13.9 97.9
-Spot 49 119 60863 2.3 9.5052 0.6 43788 2.5 0.3019 2.5 0.97 1700.6 36.7 1708.4 20.9 1717.9 11.0 17179 11.0 99.0
-Spot 3 82 37537 1.4 9.4978 0.7 45432 3.0 0.3130 29 0.97 1755.2 45.2 1738.9 25.2 1719.3 13.5 17193 135 1021
-Spot 53 98 52538 2.6 9.4954 0.8 44785 2.7 03084 26 096 1733.0 40.0 1727.0 22.8 1719.8 143 17198 143 100.8
-Spot 45 62 131433 3.1 9.4909 0.7 4.4304 3.3 0.3050 3.3 098 17159 49.1 1718.0 27.6 1720.7 12.4 1720.7 124 99.7
-Spot 77 199 206031 3.7 9.4875 0.9 43480 2.8 02992 26 094 16873 39.2 17025 231 17213 172 17213 17.2 98.0
-Spot 43 89 73016 2.8 9.4858 0.9 44694 32 03075 3.1 096 17283 469 17253 268 17216 17.0 17216 17.0 100.4
-Spot 18 189 109746 3.0 9.4837 0.8 42492 2.8 02923 2.6 0.95 1652.8 382 1683.6 226 17221 156 1722.1 156 96.0
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Montana Bureau of Mines and Geology Geologic Map 75

Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th  206Pb* + 207Pb* + 206Pb* + Error 206Pb* + 207Pb* + 206Pb* + Best Age t Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb*  (Ma) (Ma) (Ma) (%)

-Spot 60 91 789573 2.4 9.4741 0.7 45146 2.4 0.3102 2.3 0.96 1741.7 35.7 1733.7 20.3 1723.9 13.3 17239 133 101.0
-Spot 107 79 69793 1.4 9.4690 0.9 43916 3.5 0.3016 3.4 096 1699.2 50.9 1710.8 29.2 1724.9 17.0 17249 17.0 98.5
-Spot 41 83 39094 1.8 9.4648 1.0 44997 3.2 03089 3.0 094 17352 46.0 1730.9 26.6 1725.7 19.3 1725.7 19.3 100.6
-Spot 61 60 26094 4.7 9.4625 0.8 45515 2.8 0.3124 2.7 096 17523 415 17404 235 1726.2 14.8 1726.2 14.8 101.5
-Spot 89 148 134796 3.4 9.4602 0.8 44123 2.7 0.3027 2.6 096 17049 38,5 17146 22.2 1726.6 14.1 1726.6 14.1 98.7
-Spot 12 101 33131 2.7 9.4531 0.6 45967 2.6 0.3151 25 0.97 1766.0 38.8 1748.7 21.6 1728.0 11.4 1728.0 114 102.2
-Spot 75 67 106845 2.3 9.4531 0.9 45005 3.1 0.3086 29 0.95 1733.6 444 17311 25.5 1728.0 17.1  1728.0 17.1 100.3
-Spot 99 147 49837 3.8 9.4449 0.9 41438 3.0 0.2839 29 0.95 1610.8 41.0 1663.0 24.7 1729.6 17.2 17296 17.2 93.1
-Spot 82 53 335432 1.3 9.4380 0.9 45231 29 0.309 2.8 0.95 17388 42.3 1735.2 24.4 1730.9 174 17309 17.4 100.5
-Spot 38 183 129266 2.1 9.4374 0.9 44826 2.4 0.3068 2.3 093 17250 34.1 172738 20.2 1731.0 16.9 1731.0 16.9 99.7
-Spot 97 92 67048 3.6 9.4339 0.8 44747 33 0.3062 3.2 0.97 1721.8 479 1726.3 27.1 1731.7 14.1 17317 14.1 99.4
-Spot 15 270 180140 3.2 9.4288 0.9 44665 2.8 0.3054 2.7 0.95 1718.2 40.1 1724.8 23.2 1732.7 15.6 1732.7 156 99.2
-Spot 23 45 40577 1.5 9.4104 0.8 46949 3.6 0.3204 3.5 098 1791.8 55.4 1766.3 30.4 1736.3 144 17363 14.4 103.2
-Spot 85 102 48845 2.0 9.4067 0.8 43913 2.6 0.2996 2.5 095 1689.3 37.5 1710.7 21.9 1737.0 14.6 1737.0 14.6 97.3
-Spot 103 94 98599 1.9 9.4003 0.7 44408 2.4 0.3028 2.3 096 1705.0 34.2 1720.0 19.7 1738.3 12.0 17383 12.0 98.1
-Spot 7 124 103413 2.3 9.3882 0.8 46201 29 0.3146 2.8 096 1763.2 429 17529 24.1 1740.6 14.2 17406 142 101.3
-Spot 28 36 20703 3.7 9.3864 0.9 47414 2.7 0.3228 2.5 0.94 1803.3 40.1 1774.6 22.7 1741.0 16.7 1741.0 16.7 103.6
-Spot 37 59 25188 10.4 9.3826 1.0 44857 3.4 0.3052 3.3 0.96 1717.3 49.6 1728.3 28.5 1741.7 17.7 17417 17.7 98.6
-Spot 90 166 78757 1.2 9.3771 0.9 45255 2.8 0.3078 2.7 0.95 1729.7 40.8 1735.7 235 1742.8 15.8 1742.8 15.8 99.3
-Spot 83 41 186493 5.2 9.3706 0.8 46178 3.3 0.3138 3.2 0.97 1759.5 49.6 17525 27.6 1744.1 13.8 17441 13.8 100.9
-Spot 80 78 35476 1.8 9.3704 0.7 47358 2.7 0.3218 2.6 096 1798.7 414 1773.6 23.0 1744.1 13.5 17441 13,5 103.1
-Spot 76 34 29762 2.7 9.3660 0.9 44724 33 0.3038 3.2 0.97 1710.1 47.8 1725.9 27.4 1745.0 15.8 1745.0 15.8 98.0
-Spot 73 108 159340 4.0 9.3601 0.6 44582 2.8 0.3026 2.7 0.98 17044 410 1723.2 23.2 1746.1 11.1 17461 111 97.6
-Spot 58 243 127385 1.2 9.3487 0.8 44644 2.6 0.3027 24 096 1704.7 36.5 17244 21.2 1748.3 13.8 17483 13.8 97.5
-Spot 101 109 102585 4.0 9.3209 0.8 46112 2.8 0.3117 2.7 096 1749.2 41.1 17513 233 1753.8 144 1753.8 14.4 99.7
-Spot 35 56 269459 3.0 9.3002 0.7 47992 3.1 0.3237 3.0 0.97 1807.8 47.2 1784.8 25.9 1757.9 13.1 17579 13.1 102.8
-Spot 29 141 129695 3.9 9.2972 0.8 44179 3.0 0.2979 2.8 0.96 16809 42.1 1715.7 24.6 1758.5 15.2 17585 15.2 95.6
-Spot 100 88 20988 6.3 9.2831 0.8 47298 3.4 0.3184 33 0.97 1782.1 51.6 17725 28.5 1761.2 14.2 1761.2 14.2 101.2
-Spot 57 194 92763 3.7 9.2631 0.7 46383 29 0.3116 2.8 0.97 1748.7 423 1756.2 23.8 1765.2 12.8 1765.2 12.8 99.1
-Spot 105 182 217573 5.9 9.2374 0.6 46942 2.6 03145 26 097 1762.8 39.8 1766.2 22.2 1770.2 10.9 1770.2 10.9 99.6
-Spot 8 204 321096 1.9 9.2368 0.7 46431 29 0.3110 2.8 0.97 17459 42.7 1757.0 24.1 1770.4 129 17704 12.9 98.6
-Spot 91 71 30210 3.3 9.1991 1.1 47662 29 0.3180 2.7 0.93 17799 419 1779.0 24.3 1777.8 194 1777.8 19.4 100.1
-Spot 81 90 95949 1.8 9.1984 0.8 47565 2.8 0.3173 2.7 0.96 1776.6  42.2 17773 23.7 1778.0 14.3 1778.0 143 99.9
-Spot 62 140 182714 4.3 9.1801 0.9 48373 3.1 0.3221 29 0.96 1799.8 46.1 1791.4 25.7 1781.6 15.6 1781.6 15.6 101.0
-Spot 22 215 115359 3.2 9.1735 0.9 47904 2.8 0.3187 2.7 0.95 17835 41.7 1783.2 23.7 1782.9 159 17829 159 100.0
-Spot 71 43 77377 1.6 9.1590 1.1 48523 4.2 0.3223 41 0.97 1801.1 643 1794.0 35.6 1785.8 194 1785.8 19.4 100.9
-Spot 69 86 37860 3.7 9.1054 0.7 45844 29 0.3027 2.8 0.97 17049 42,6 17464 24.5 1796.5 134 17965 13.4 94.9
-Spot 48 88 49204 2.7 9.0963 0.8 5.0394 2.5 0.3325 23 0.95 1850.3 37.8 1826.0 21.0 1798.3 144 17983 144 102.9
-Spot 32 130 116391 1.6 8.9930 0.9 51083 2.7 0.3332 25 094 1853.8 40.1 1837.5 22.5 1819.1 16.9 1819.1 16.9 101.9
-Spot 86 53 102525 1.7 8.9215 0.9 5.0681 3.8 0.3279 3.7 0.97 1828.4 58.9 1830.8 32.3 1833.5 16.4 18335 16.4 99.7
-Spot 64 205 176257 3.0 8.7834 0.8 5.1882 2.2 0.3305 2.0 0.94 1840.8 32.7 1850.7 18.6 1861.8 13.8 1861.8 13.8 98.9
-Spot 56 36 27713 1.1 6.8430 1.0 85762 3.1 0.4256 29 0.95 2286.0 56.6 2294.0 28.2 2301.2 16.6 2301.2 16.6 99.3
-Spot 104 217 1244771 4.1 6.4668 0.7 9.4980 2.5 0.4455 24 096 23751 475 23874 22.9 2397.8 119 23978 11.9 99.1
-Spot 65 82 73093 3.0 6.2344 0.8 10.2167 2.5 0.4620 2.4 0.95 2448.2 49.2 2454.6 23.4 2459.9 12.9 24599 129 99.5
-Spot 72 36 44601 1.7 4.1663 0.7 209111 3.2 0.6319 3.1 0.97 3157.0 77.6 31345 31.0 3120.1 119 31201 119 101.2

21



Table 02NA15. U-Pb geochronologic analyses.

Lonn and others, 2019

Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th 206Pb* +  207Pb* i 206Pb* + Error 206Pb* +  207Pb* + 206Pb* + BestAge t Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

-Spot 77 177 44068 2.4 11.1294 0.6 3.0046 1.7 0.2425 16 094 1399.8 20.4 1408.8 13.1 14224 10.8 14224 108 984
-Spot69 123 30335 1.5 11.1242 0.7 3.1225 2.2 0.2519 2.1 0.95 14484 26.6 14383 16.6 1423.3 12.4 14233 124 101.8
-Spot 78 168 56909 2.4 111205 0.6 3.1188 2.1 0.2515 2.0 0.96 1446.4 255 14373 15.8 14239 115 14239 11.5 101.6
-Spot22 101 192563 0.9 11.1007 0.6 3.1377 31 0.2526 3.0 0.98 1452.0 39.1 1442.0 23.7 14273 124 14273 124 101.7
-Spot 83 33 117423 0.9 11.0877 1.1 3.1870 4.2 0.2563 4.1 0.97 1470.8 54.0 14540 32.8 14295 20.6 1429.5 20.6 102.9
-Spot75 284 452301 1.7 11.0071 0.4 3.1277 20 02497 19 097 14369 249 14395 153 14435 8.4 14435 8.4 99.5
-Spot 13 168 126192 0.7 10.9262 0.6 3.0866 2.1 0.2446 2.0 0.96 1410.5 25.5 14294 16.0 14575 10.7 14575 10.7 96.8
-Spot59 315 335703 0.8 10.9022 0.5 3.1336 20 0.2478 19 0.96 1427.0 245 1441.0 153 1461.7 9.9 1461.7 99 976
-Spot 104 134 99764 1.0 10.7555 0.6 3.2380 19 0.2526 1.8 0.94 1451.8 234 1466.3 14.8 14874 123 14874 123 976
-Spot 106 117 48960 2.5 10.2015 0.7 3.8854 2.6 0.2875 2.5 0.97 16289 36.5 1610.6 21.1 15869 12.2 1586.9 12.2 102.6
-Spot5 1628 487809 35.8 10.1874 0.5 3.9057 15 0.2886 1.4 094 16344 19.8 16149 11.8 1589.5 8.9 1589.5 8.9 102.8
-Spot91 576 97418 1.6 10.0523 0.5 3.6224 16 0.2641 15 0.94 1510.8 20.0 15545 12.5 16144 9.6 16144 9.6 936
-Spot21 1688 302030 16.0 9.9284 0.6 4.1580 14 0.2994 13 0.89 16884 18.7 16658 115 16374 11.8 1637.4 11.8 103.1
-Spot 38 150 48945 2.3 9.8067 0.6 4.0582 21 0.288 2.0 096 1634.7 289 1646.0 169 1660.3 10.6 1660.3 10.6 98.5
-Spot98 313 88867 2.1 9.7706 0.7 4.1446 2.0 0.2937 1.8 093 1660.0 26.8 1663.1 16.2 1667.1 13.8 1667.1 13.8 99.6
-Spot71 262 164595 2.1 9.7127 0.5 4.3263 2.1 03048 2.0 097 17149 30.2 16984 17.0 1678.1 9.3 1678.1 9.3 102.2
-Spot 110 300 43909 3.6 9.7100 0.5 4.3637 16 03073 15 094 17274 225 17055 13.0 1678.6 9.7 16786 9.7 102.9
-Spot 96 36 55200 0.8 9.7025 0.8 4.2971 4.1 03024 4.0 098 1703.1 59.9 1692.8 33.7 1680.0 154 1680.0 15.4 101.4
-Spot 29 78 13706 1.2 9.6919 0.5 4.2791 3.1 03008 3.1 0.98 1695.2 457 1689.4 256 1682.1 10.0 1682.1 10.0 100.8
-Spot 61 1325 942963 4.5 9.6819 0.5 4.1094 1.3 0.2886 1.2 093 16343 17.6 1656.2 10.7 1684.0 9.0 1684.0 9.0 97.1
-Spot44 1900 284704 4.9 9.6443 0.5 4.1292 1.4 0.2888 1.3 093 16356 19.0 1660.1 11.5 1691.2 9.6 1691.2 9.6 96.7
-Spot 103 207 99145 1.4 9.6284 0.6 4.2715 20 0.2983 19 096 1682.8 28.0 1687.9 163 1694.2 10.8 16942 10.8 99.3
-Spot 76 123 19839 2.0 9.6280 0.7 4.3549 26 03041 25 097 17116 374 1703.8 213 16943 124 16943 124 101.0
-Spot 97 283 50653 3.3 9.6179 0.4 4.3579 1.8 03040 1.7 0.97 17111 25.8 17044 14.6 1696.2 7.7 1696.2 7.7 100.9
-Spot 74 222 96977 1.8 9.6175 0.4 4.4305 20 0309 1.9 098 1736.0 29.6 1718.1 16.5 1696.3 8.1 1696.3 8.1 102.3
-Spot 85 164 45264 2.5 9.6159 0.6 4.3223 21 03014 20 096 1698.5 30.3 1697.6 174 1696.6 10.9 1696.6 10.9 100.1
-Spot8 205 36369 5.7 9.6159 0.5 4.2907 15 0.2992 1.4 095 1687.5 209 1691.6 12.2 1696.6 8.6 1696.6 86 99.5
-Spot 101 178 162390 1.9 9.6157 0.5 43060 2.0 0.3003 19 096 1692.8 28.0 16945 16.1 1696.6 10.1 1696.6 10.1 99.8
-Spot 64 97 210650 1.2 9.6081 0.5 43756 23 0.3049 2.2 097 17156 333 1707.7 18.8 1698.1 9.9 1698.1 9.9 101.0
-Spot49 226 89472 2.2 9.6048 0.5 4.3439 2.2 03026 2.1 097 1704.2 32.1 1701.7 182 1698.7 9.8 1698.7 9.8 100.3
-Spot89 241 174195 1.0 9.6011 0.6 4.2210 1.8 0.2939 1.7 095 1661.1 251 1678.1 14.8 1699.4 103 1699.4 103 97.7
-Spot 100 136 52415 1.8 9.5981 0.5 4.5025 23 03134 23 098 1757.5 35.0 17314 193 1700.0 8.8 1700.0 8.8 103.4
-Spot4 210 68624 2.2 9.5860 0.4 4.2921 20 0.2984 2.0 0.98 16834 29.1 1691.8 16.6 1702.3 8.1 17023 8.1 98.9
-Spot30 265 46812 1.6 9.5856 0.6 4.418 2.3 0.3072 2.2 097 1726.8 33.2 17158 188 1702.4 10.7 1702.4 10.7 1014
-Spot42 1308 346979 7.1 9.5851 0.6 4.2959 1.7 0.2986 16 093 1684.6 23.6 16926 14.0 1702.5 11.3 1702.5 113 989
-Spot65 416 471270 2.6 9.5843 0.5 4.2212 1.5 0.2934 14 094 1658.6 20.5 1678.2 123 1702.7 9.3 1702.7 93 974
-Spot 108 127 44434 1.7 9.5794 0.6 4.4198 23 0.3071 23 097 1726.3 343 17161 194 1703.6 109 1703.6 10.9 101.3
-Spot1 563 123058 0.9 9.5725 0.4 4.1960 1.4 0.2913 13 095 1648.1 19.2 16732 114 1704.9 7.7 1704.9 7.7 96.7
-Spot99 245 62442 8.8 9.5715 0.5 4.3504 1.6 03020 1.5 0.95 1701.2 223 1703.0 129 1705.1 9.0 1705.1 9.0 99.8
-Spot48 274 132293 3.8 9.5672 0.5 4.3100 19 0.2991 19 097 1686.6 28.1 16953 16.1 1705.9 8.5 1705.9 8.5 98.9
-Spot 68 264 96512 1.7 9.5655 0.6 4.3748 19 03035 18 095 1708.7 27.1 17076 158 1706.3 11.5 1706.3 11.5 100.1
-Spot54 151 1084314 0.9 9.5638 0.5 4.3801 20 0.3038 2.0 0.96 1710.2 29.3 1708.6 16.7 1706.6 10.0 1706.6 10.0 100.2
-Spot35 254 116694 2.4 9.5623 0.6 4.3088 1.7 0.2988 1.6 094 16855 23.7 16950 14.1 1706.9 11.1 17069 11.1 98.7
-Spot40 229 88133 2.6 9.5532 0.5 43998 2.2 03048 2.1 097 17153 321 17123 181 1708.6 9.1 1708.6 9.1 100.4
-Spot 41 99 31878 2.9 9.5454 0.5 4.3500 24 03011 24 098 1697.0 357 17029 20.2 17101 9.7 1710.1 9.7 99.2
-Spot79 210 65349 1.0 9.5362 0.4 4.3617 2.2 03017 2.2 098 1699.6 32.7 1705.1 184 1711.9 82 17119 82 993
-Spot28 336 120994 2.3 9.5271 0.5 4.3317 16 0.2993 16 095 1687.9 23.0 16994 135 1713.7 9.4 1713.7 9.4 985
-Spot 17 597 5964076 2.5 9.5250 0.5 4.3005 15 0.2971 14 095 1676.8 213 16935 125 17141 8.5 17141 85 97.8
-Spot 87 57 10356 1.9 9.5219 0.8 4.5195 2.2 03121 2.0 093 1751.1 309 17346 18.0 17147 147 17147 14.7 102.1
-Spot3 148 71246 2.4 9.5119 0.6 43276 25 0.2985 25 097 1684.1 36.4 16986 21.0 17166 119 1716.6 119 98.1
-Spot 70 473 791868 1.5 9.5081 0.6 4.4064 1.7 03039 16 093 17104 244 17135 144 17173 114 17173 114 99.6
-Spot60 418 129398 1.5 9.5076 0.5 4.2698 1.8 0.2944 1.8 0.97 1663.6 26.2 1687.6 152 1717.4 85 17174 85 96.9
-Spot39 384 87089 2.3 9.5019 0.6 4.4383 20 03059 1.9 095 17203 288 1719.5 16.5 17185 11.0 17185 11.0 100.1
-Spot 81 93 34565 2.0 9.4968 0.5 4.3808 2.8 0.3017 2.8 0.98 1699.9 414 1708.7 233 17195 9.2 1719.5 9.2 98.9
-Spot 88 671 53895 1.5 9.4954 0.5 4.0272 19 0.2773 1.8 096 1577.9 249 1639.7 15.1 1719.8 9.3 17198 93 918
-Spot80 455 195647 0.8 9.4930 0.4 4.2812 16 0.2948 16 098 1665.3 23.6 1689.7 13.6 1720.3 6.6 1720.3 6.6 96.8
-Spot25 373 149978 1.8 9.4928 0.6 4.3347 1.7 0.2984 16 0.94 16835 239 17000 14.2 17203 109 17203 109 979
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Montana Bureau of Mines and Geology Geologic Map 75

Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th  206Pb* + 207Pb* + 206Pb* + Error 206Pb* +  207Pb* + 206Pb* +  BestAge % Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)
-Spot 82 280 53532 23 9.4897 0.5 4.3802 16 03015 15 0.95 16986 221 17086 13.0 17209 9.4 1720.9 9.4 98.7
-Spot16 145 536357 1.9 9.4894 0.6 4.4204 23 03042 22 0.97 17123 33.8 1716.2 19.2 17209 104 17209 104 99.5
-Spot43 288 63115 1.9 9.4883 0.7 4.4485 20 03061 19 0.95 17216 29.0 17214 16.8 1721.2 12.0 1721.2 12.0 100.0
-Spot7 478 255907 6.2 9.4865 0.5 4.2663 15 0.2935 14 094 1659.2 20.2 1686.9 12.1 17215 9.6 17215 9.6 96.4
-Spot72 195 379902 1.7 9.4758 0.6 4.4035 23 03026 23 096 17043 338 1713.0 194 17236 11.8 17236 11.8 98.9
-Spot24 245 77841 2.1 9.4743 0.6 4.3993 16 03023 15 0.93 17027 226 17122 134 17239 106 17239 106 98.8
-Spot 11 113 41621 21 9.4739 0.5 4.4327 23 03046 23 097 17140 343 17185 194 17240 9.9 1724.0 9.9 994
-Spot 53 131 70762 14 9.4730 0.5 4.4378 19 0.3049 19 097 17156 28.2 17194 16.1 17241 9.1 17241 9.1 995
-Spot34 169 219823 25 9.4612 0.7 4.3476 19 0.2983 1.7 092 1683.0 25.5 1702.4 155 17264 13.6 17264 13.6 975
-Spot23 249 102633 1.6 9.4582 0.7 4.5202 1.8 0.3101 1.7 093 17411 254 17347 149 1727.0 122 1727.0 12.2 100.8
-Spot 94 95 74327 1.0 9.4512 0.6 4.5315 21 03106 2.0 0.96 1743.8 30.5 1736.8 173 17284 10.5 17284 10.5 100.9
-Spot92 219 60395 1.7 9.4498 0.5 4.3945 1.8 03012 1.7 096 1697.2 255 17113 1477 1728.6 8.6 1728.6 8.6 98.2
-Spot9 636 8218645 6.4 9.4454 0.6 4.3032 16 02948 15 0.93 16654 221 16940 133 17295 10.7 17295 10.7 963
-Spot56 286 658873 2.4 9.4451 0.5 4.4423 1.4 03043 13 094 17126 201 17203 11.8 17295 9.0 17295 9.0 99.0
-Spot 6 99 115256 18.4 9.4407 0.5 4.4910 24 03075 24 098 17284 363 17293 203 17304 8.6 1730.4 8.6 99.9
-Spot50 182 152811 1.9 9.4358 0.6 4.5040 2.0 03082 19 0.95 1732.0 287 17317 164 17314 10.8 17314 10.8 100.0
-Spot 84 381 358069 1.9 9.4287 0.5 4.4855 1.8 0.3067 1.7 096 1724.6 25.7 17283 147 1732.7 9.4 17327 9.4 995
Spot 105 245 256341 1.7 9.4284 0.6 4.4829 1.8 03065 1.6 093 1723.7 249 1727.8 146 17328 11.7 17328 11.7 995
-Spot 10 178 13436212 1.0 9.4152 0.5 4.5046 25 03076 24 0.98 17289 37.0 1731.8 20.7 17354 9.2 17354 9.2 99.6
-Spot62 710 529998 5.0 9.4081 0.4 4.4098 1.3 03009 1.2 0.95 16958 179 17142 105 1736.7 7.4 1736.7 7.4 97.6
-Spot15 904 139030 2.8 9.4039 0.5 4.3762 1.5 02985 14 0.94 1683.7 214 17079 126 17376 9.3 1737.6 9.3 96.9
-Spot37 184 135356 3.1 9.3850 0.4 4.5733 19 03113 19 0.98 17471 29.0 17444 16.2 17412 7.8 1741.2 7.8 100.3
-Spot95 441 201447 2.0 9.3737 0.6 4.6276 1.7 0.3146 1.5 093 1763.3 23.7 17543 13.8 17435 11.2 17435 11.2 101.1
-Spot12 140 36610 1.7 9.3561 0.5 4.4599 2.1 03026 20 0.97 17044 30.1 17236 173 1746.9 9.9 1746.9 99 976
-Spot51 310 279920 14 9.3526 0.5 4.4432 1.7 03014 1.6 095 1698.2 23.7 17204 139 1747.6 9.5 1747.6 95 97.2
-Spot36 807 316530 2.1 9.3489 0.5 4.3988 16 0.2983 15 095 16826 224 17121 13.1 17483 9.0 17483 9.0 96.2
-Spot45 170 924178 1.3 9.3456 0.6 4.4123 21 02991 20 0.96 1686.7 294 17147 171 17490 104 17490 104 096.4
-Spot66 176 226206 4.1 9.3351 0.6 4.6965 22 03180 22 097 1779.8 335 1766.6 18.7 17510 10.5 1751.0 10.5 101.6
-Spot26 348 89672 2.3 9.3176 0.6 4.5029 1.5 03043 13 091 17126 200 17315 122 17544 113 17544 113 976
-Spot47 337 177856 1.7 9.3159 0.5 4.6917 1.7 03170 1.7 0.95 1775.0 258 17658 14.6 1754.8 9.6 1754.8 9.6 101.2
-Spot52 196 74515 35 9.3101 0.5 4.6553 19 03143 18 096 17620 281 1759.2 159 17559 9.8 1755.9 9.8 100.3
-Spot57 134 894623 0.8 9.2965 0.5 4.7476 24 03201 23 0.97 1790.2 36.2 1775.7 199 1758.6 9.9 1758.6 9.9 101.8
Spot 102 362 169091 1.9 9.2905 0.5 4.5920 14 03094 13 093 17378 19.7 1747.8 11.6 1759.8 9.3 1759.8 9.3 09838
-Spot18 625 263926 2.0 9.2817 0.5 4.7562 14 03202 13 093 1790.6 20.8 1777.2 12.0 17615 9.6 17615 9.6 101.6
Spot 107 84 25138 3.9 9.2505 0.5 4.8583 3.0 03259 3.0 099 1818.7 47.0 17950 254 1767.7 9.2 1767.7 9.2 102.9
-Spot 31 641 2072976 9.7 9.2500 0.6 4.6983 1.5 03152 14 093 1766.2 213 17669 124 17678 10.1 1767.8 10.1 99.9
-Spot 86 225 220146 2.5 9.2370 0.7 4.6827 21 03137 20 095 17589 312 17641 17.8 17703 121 17703 121 99.4
-Spot 93 85 87024 3.9 9.1819 0.6 4.7956 2.8 03194 28 0.98 1786.6 434 17841 239 17812 103 17812 10.3 100.3
-Spot 19 93 38169 14 9.1701 1.1 4.6072 24 03064 21 0.90 1723.0 324 17506 199 1783.6 193 1783.6 193 96.6
-Spot 14 506 30748398 2.2 9.1404 0.5 4.7461 1.7 03146 1.7 096 1763.4 25.7 17754 145 1789.5 8.7 1789.5 8.7 985
-Spot46 124 159136 3.2 9.1346 0.6 4.8728 19 0.3228 1.8 096 1803.5 288 1797.6 16.1 1790.7 10.2 1790.7 10.2 100.7
-Spot27 423 497684 1.9 9.1293 0.4 4.6882 1.5 03104 14 095 17428 213 17651 123 1791.7 8.1 1791.7 8.1 973
-Spot33 457 335797 3.1 9.0549 0.5 4.9892 1.6 03277 15 0.95 18270 240 18175 13.5 1806.6 9.4 1806.6 9.4 101.1
-Spot 67 180 49306 1.7 8.9444 0.5 5.2053 19 03377 18 0.97 18755 294 18535 159 18289 8.5 1828.9 8.5 102.5
Spot 109 261 162209 0.8 8.8901 0.5 5.2053 1.8 03356 18 0.97 18656 288 18535 156 1839.9 8.4 1839.9 8.4 101.4
-Spot90 430 119897 2.2 8.8085 0.4 5.2677 1.4 03365 14 096 18699 223 1863.6 12.1 1856.6 6.8 1856.6 6.8 100.7
-Spot58 146 76642 2.1 6.5129 0.5 9.6330 2.1 04550 2.0 0.97 2417.6 41.0 24003 19.3 2385.7 8.6 2385.7 8.6 101.3
-Spot20 188 1180381 3.5 5.8460 0.5 11.1308 21 04719 21 0.97 24921 424 25341 19.8 2568.0 9.0 2568.0 9.0 97.0
-Spot32 272 3176075 1.9 5.7600 0.5 11.5770 1.7 0.4836 1.6 096 2543.1 344 2570.8 16.0 2592.8 8.0 2592.8 8.0 981
-Spot 63 231 122057 0.9 5.4415 0.5 12.6700 1.8 0.5000 1.7 0.96 26139 373 26554 17.1 2687.2 8.6 2687.2 8.6 97.3
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Table 03NA15. U-Pb geochronologic analyses.

Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th  206Pb* + 207Pb* + 206Pb* +  Error 206Pb* + 207Pb* + 206Pb* + BestAge 2 Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma)  (Ma) (%)

-Spot 52 279 89707 1.8 11.4424 09 28469 3.1 0.2363 3.0 096 1367.2 36.8 1368.0 23.5 1369.2 17.8 1369.2 17.8 99.9
-Spot 15 417 257168 0.9 114281 0.8 28133 3.0 0.2332 29 096 1351.1 35.2 1359.1 225 1371.6 15.8 1371.6 15.8 98.5
-Spot 50 499 134459 1.1 11.2926 0.8 2.8351 2.6 0.2322 24 0096 1346.0 29.7 13649 19.2 13945 145 13945 145 96.5
-Spot 63 363 649621 11.5 11.1657 0.7 29960 2.9 0.2426 2.8 0.97 14003 35.8 1406.6 22.3 1416.1 139 1416.1 13.9 98.9
-Spot 87 174 23113 3.1 11.1589 0.7 3.0560 3.1 0.2473 3.0 0.97 1424.7 38.4 14217 23.6 1417.3 13.4 14173 13.4 100.5
-Spot 110 425 145411 1.6 11.1451 09 29741 3.0 0.2404 2.8 096 1388.8 355 1401.0 22.6 1419.7 16.6 1419.7 16.6 97.8
-Spot 77 216 24808 1.9 11.1161 09 3.1266 2.5 0.2521 2.4 0.94 1449.2 30.7 1439.3 194 14247 16.3 14247 16.3 101.7
-Spot 100 298 2185478 2.3  11.0124 0.8 3.1094 2.8 0.2483 2.7 096 14299 34.6 1435.0 21.7 14425 16.0 14425 16.0 99.1
-Spot 70 191 77411 2.1 11.0076 0.8 3.0412 3.7 0.2428 3.6 0.98 1401.2 454 1418.0 28.2 14434 15.0 14434 15.0 97.1
-Spot 33 152 211278 1.3 10.9942 0.7 3.0703 3.0 0.2448 2.9 0.97 1411.7 36.4 14253 22.6 14457 13.1 1445.7 13.1 97.7
-Spot 2 343 135788 1.3 10.9353 09 3.0326 2.5 0.2405 24 094 13894 29.6 14159 19.3 14559 16.7 1455.9 16.7 95.4
-Spot 6 655 20311 2.3 10.7386 0.8 3.1041 19 0.2418 1.7 091 13958 21.4 1433.7 14.4 1490.4 147 14904 14.7 93.7
-Spot 40 107 27573 2.0 9.7546 1.1 4.2663 2.9 0.3018 2.7 0.93 17004 40.0 1686.9 23.7 1670.1 19.8 1670.1 19.8 101.8
-Spot 51 262 235688 2.8 9.7503 0.7 43070 2.6 0.3046 2.5 097 17139 37.8 1694.7 214 1671.0 12.6 1671.0 12.6 102.6
-Spot 53 324 73334 3.4 9.7397 0.7 4.2297 2.8 0.2988 2.7 097 16853 40.5 1679.8 23.1 1673.0 12.8 1673.0 12.8 100.7
-Spot 72 112 17236 1.8 9.7262 0.8 4.2953 33 0.3030 3.2 097 1706.1 47.7 16925 27.1 1675.5 15.2 1675.5 15.2 101.8
-Spot 89 208 35774 3.3 9.7149 0.7 4.2334 34 0.2983 3.3 098 1682.8 49.3 1680.5 279 1677.7 12.7 1677.7 12.7 100.3
-Spot 44 107 22184 0.8 9.7066 09 42949 43 03024 4.2 098 1703.0 63.2 16924 356 1679.3 169 1679.3 16.9 101.4
-Spot 78 261 189015 15 9.6991 0.7 4.2395 25 0.2982 24 0096 16825 357 1681.7 20.6 1680.7 12.6 1680.7 12.6 100.1
-Spot 65 225 20547 1.6 9.6892 0.7 4.2763 2.4 03005 23 096 1693.8 339 1688.8 19.6 1682.6 12.6 1682.6 12.6 100.7
-Spot 71 192 130215 1.8 9.6752 1.0 4.2541 3.1 0.2985 29 095 16839 43.0 16845 25.1 16853 17.8 1685.3 17.8 99.9
-Spot 104 331 223385 3.2 9.6609 0.7 43550 2.8 0.3051 2.7 096 1716.8 409 17039 23.2 1688.0 13.7 1688.0 13.7 101.7
-Spot 96 284 1228905 2.6 9.6529 0.8 4.3425 23 03040 21 094 17112 319 17015 18.7 1689.5 14.6 1689.5 14.6 101.3
-Spot 54 432 203210 1.2 9.6488 0.8 4.1721 23 0.2920 2.2 095 1651.3 32.3 1668.6 19.2 1690.3 14.1 1690.3 141 97.7
-Spot 48 86 40599 2.4 9.6401 0.8 4.3885 3.7 03068 3.6 098 17251 54.6 1710.2 30.5 16919 14.1 1691.9 14.1 102.0
-Spot 94 275 168544 3.6 9.6367 0.8 43001 29 0.3005 2.8 096 1694.0 41.7 1693.4 239 1692.6 144 1692.6 14.4 100.1
-Spot 74 206 216448 2.5 9.6317 0.7 4.1753 2.8 0.2917 2.7 097 16499 394 1669.2 229 1693.6 13.2 1693.6 13.2 974
-Spot 20 341 1233185 1.5 9.6315 0.7 4.2347 2.7 0.2958 2.6 096 1670.5 38.3 1680.8 22.2 1693.6 13.3 1693.6 13.3 98.6
-Spot 28 148 54039 2.2 9.6290 09 43028 33 0.3005 3.2 097 1693.7 47.5 16939 27.2 1694.1 15.7 1694.1 15.7 100.0
-Spot 14 286 46245 2.7 9.6106 0.8 43756 29 0.3050 2.8 096 1716.0 42.1 1707.8 24.1 1697.6 15.2 1697.6 15.2 101.1
-Spot 81 342 457099 14 9.6069 0.6 4.1673 2.5 0.2904 25 097 1643.3 356 1667.6 20.7 1698.3 11.2 1698.3 11.2 96.8
-Spot 97 174 71780 1.7 9.6054 0.7 43057 29 0.3000 2.8 0.97 1691.1 41.2 1694.5 23.6 1698.6 13.4 1698.6 13.4 99.6
-Spot 98 361 118770 2.4 9.5968 0.6 4.0255 2.5 0.2802 24 097 15923 344 16394 20.5 1700.2 11.6 1700.2 11.6 93.7
-Spot 49 577 77051 3.9 9.5937 0.8 39157 23 0.2725 2.1 093 1553.3 29.6 16169 18.6 1700.8 15.4 1700.8 154 913
-Spot 80 243 47992 2.8 9.5925 09 43740 24 03043 23 093 17126 344 17074 20.2 1701.1 16.0 1701.1 16.0 100.7
-Spot 17 25 6273 2.3 9.5865 14 4.4749 5.7 03111 5.5 0.97 1746.3 84.0 17263 47.1 1702.2 259 1702.2 25.9 102.6
-Spot 101 523 130343 4.6 9.5834 0.8 4.1803 2.2 0.2906 2.0 0.93 1644.3 29.5 1670.2 17.8 1702.8 143 1702.8 143 96.6
-Spot 107 234 29696 2.5 9.5831 0.7 43595 23 03030 22 0096 1706.2 33.6 1704.7 19.3 17029 12.0 1702.9 12.0 100.2
-Spot 35 268 464320 3.0 9.5759 0.8 4.2548 2.7 0.2955 2.6 096 16689 38.0 1684.7 22.1 17043 13.8 1704.3 13.8 97.9
-Spot 41 176 78373 2.0 9.5729 09 42911 29 0.2979 2.8 095 1681.0 41.2 1691.7 24.1 1704.8 16.4 1704.8 16.4 98.6
-Spot 10 231 73466 4.8 9.5718 0.7 43921 29 03049 28 097 17156 42.6 17108 24.2 1705.1 13.6 1705.1 13.6 100.6
-Spot 106 548 678532 3.2 9.5715 0.6 4.5405 2.3 0.3152 2.2 096 1766.2 33.6 17384 188 1705.1 11.2 1705.1 11.2 103.6
-Spot 75 470 217148 15 9.5690 0.7 43574 26 03024 25 096 1703.3 38.0 1704.3 21.8 1705.6 13.3 1705.6 13.3 99.9
-Spot 105 221 128229 2.4 9.5665 0.7 44519 25 03089 24 096 17352 36.8 1722.1 20.8 1706.1 12.8 1706.1 12.8 101.7
-Spot 82 176 38840 2.8 9.5658 09 43713 26 03033 24 094 17075 36.4 17069 21.3 1706.2 16.1 1706.2 16.1 100.1
-Spot 76 177 52429 2.6 9.5655 0.7 43983 23 03051 22 0096 1716.7 33.5 1712.0 19.2 1706.3 12.3 1706.3 12.3 100.6
-Spot 109 354 108768 3.9 9.5630 09 44368 3.4 0.3077 3.3 097 17295 504 1719.2 285 1706.7 16.4 1706.7 16.4 101.3
-Spot 25 226 248995 1.9 9.5614 0.8 43719 3.1 03032 3.0 096 1707.0 455 1707.0 26.0 1707.1 15.2 1707.1 15.2 100.0
-Spot 19 270 40230 1.6 9.5573 0.7 4.1069 3.0 0.2847 29 0097 16149 41.7 1655.7 245 1707.8 12.6 1707.8 12.6 94.6
-Spot 95 173 168062 2.2 9.5550 0.8 43718 2.8 0.3030 2.7 096 1706.0 40.2 1707.0 23.1 1708.3 14.2 1708.3 14.2 99.9
-Spot 8 172 25914 1.9 9.5540 09 43864 33 03039 3.2 096 17108 47.4 1709.8 27.1 1708.5 16.2 1708.5 16.2 100.1
-Spot 37 142 30495 1.7 9.5537 0.8 4.2360 3.2 0.2935 3.1 096 1659.1 45.2 1681.0 26.3 1708.5 15.6 1708.5 156 97.1
-Spot 83 426 81284 15 9.5497 0.7 3.8972 29 0.2699 2.8 097 15404 38.0 1613.1 23.1 1709.3 12.7 1709.3 12.7 90.1
-Spot 12 151 1556626 2.6 9.5488 0.8 43757 3.1 03030 3.0 096 1706.3 444 1707.8 25.4 1709.5 149 1709.5 149 99.8
-Spot 16 476 379213 3.0 9.5441 0.8 43462 2.4 0.3008 23 095 16955 33.8 1702.2 19.7 17104 140 17104 140 99.1
-Spot 45 157 185284 2.2 9.5417 0.7 43241 29 0.2992 28 097 16875 41.8 1698.0 239 17108 13.1 1710.8 13.1 98.6
-Spot 9 194 128261 3.1 9.5329 09 4.2746 3.1 0.2955 29 0095 1669.2 43.2 16885 254 17125 17.2 17125 17.2 975
-Spot 36 151 30328 1.8 9.5218 0.8 43288 2.4 0.2989 23 0095 1686.1 344 16989 20.1 17147 13.8 1714.7 13.8 98.3
-Spot 108 191 153463 1.7 9.5214 0.8 43236 3.0 0.2986 2.9 097 1684.2 423 16979 244 17148 139 17148 139 98.2
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Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th  206Pb* + 207Pb* + 206Pb* + Error 206Pb* + 207Pb* + 206Pb* + Best Age t Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb*  (Ma) (Ma) (Ma) (%)

-Spot42 346 52312 1.8 9.5187 0.6 4.2700 2.8 0.2948 2.8 0.98 1665.4 40.5 1687.6 23.2 17153 10.6 1715.3 106 97.1
-Spot56 476 259347 2.0 9.5181 0.7 43632 2.5 03012 23 096 16972 351 17054 20.3 17154 13.0 17154 13.0 98.9
-Spot 18 240 29281 1.2 9.5147 0.6 4.0993 2.5 0.2829 24 0.97 16059 34.2 1654.2 20.3 1716.1 11.1 1716.1 11.1 93.6
-Spot30 284 87722 2.0 9.5121 0.9 43166 3.3 0.2978 3.1 0.96 1680.4 46.4 1696.5 26.9 1716.6 16.7 1716.6 16.7 97.9
-Spot 47 133 188460 3.0 9.5058 0.9 45363 34 03127 33 097 17542 506 17376 283 17178 158 1717.8 15.8 102.1
-Spot 13 528 656572 1.1 9.5056 0.7 4.4574 24 03073 23 0.95 17274 350 1723.1 20.1 17178 134 1717.8 13.4 100.6
-Spot 59 131 121855 19 9.5028 0.6 4.4731 2.2 03083 21 096 17323 32.7 1726.0 18.6 1718.4 113 1718.4 11.3 100.8
-Spot 67 655 37347 0.9 9.4986 0.7 3.7104 2.1 0.2556 2.0 0.94 14673 26.2 1573.6 17.0 1719.2 13.5 1719.2 13.5 85.4
-Spot43 387 88370 2.1 9.4978 0.7 3.9355 2.6 0.2711 2.5 0.96 1546.4 347 1621.0 21.3 17193 13.7 17193 13.7 89.9
-Spot 91 119 68545 2.3 9.4978 0.6 43979 3.5 03029 35 0.99 17059 52.2 17119 29.2 17193 10.8 1719.3 10.8 99.2
Spot 103 309 1317308 3.0 9.4931 0.6 43578 2.6 03000 2.5 0.97 16915 37.0 1704.4 21.1 1720.2 10.5 1720.2 10.5 98.3
-Spot 57 290 38471 1.6 9.4923 0.8 43719 2.3 03010 2.1 0.93 16962 319 1707.0 18.9 17204 152 1720.4 15.2 98.6
-Spot 64 129 223956 2.2 9.4787 0.8 4.4075 3.1 03030 3.0 0.97 1706.2 453 1713.7 25.9 1723.0 145 1723.0 14.5 99.0
-Spot 11 297 36839 24 9.4745 0.6 4.0461 2.6 0.2780 2.5 0.97 1581.5 35.0 1643.5 20.9 1723.8 114 1723.8 11.4 91.7
-Spot 1 223 1623339 3.0 9.4637 0.7 4.6983 2.7 03225 25 0.96 1801.8 40.0 17669 22.2 17259 13.6 1725.9 13.6 104.4
-Spot 69 247 47778 6.6 9.4634 0.7 43618 3.0 0.2994 29 0.97 16882 43.1 1705.1 24.6 1726.0 12.5 1726.0 12.5 97.8
-Spot5 276 606022 3.1 9.4592 0.8 4.4527 3.2 03055 3.1 097 17184 46.7 1722.2 26.4 1726.8 140 1726.8 14.0 99.5
-Spot88 313 71594 2.3 9.4420 0.7 4.1597 2.8 0.2849 2.7 0.97 16158 381 1666.1 22.6 1730.2 13.1 1730.2 13.1 934
-Spot 93 338 236620 1.3 9.4385 0.9 4.4368 2.7 03037 25 094 1709.7 37.6 1719.2 22.1 1730.8 16.5 1730.8 16.5 98.8
-Spot 92 313 142398 1.3 9.4351 0.7 4.1497 24 0.2840 2.3 0.96 16113 33.3 1664.2 20.0 17315 13.0 17315 13.0 93.1
-Spot 27 64 18834 4.6 9.4322 1.0 4.469% 3.7 03058 3.5 0.97 1719.8 53.3 17253 304 1732.0 17.6 1732.0 17.6 99.3
-Spot32 311 123223 2.0 9.4315 0.7 43889 2.8 03002 2.7 0.97 16924 40.4 1710.2 23.1 17322 123 1732.2 12.3 97.7
-Spot3 218 225689 3.1 9.4066 0.9 46702 29 0318 2.7 0.95 1783.0 425 1761.9 24.0 1737.0 16.4 1737.0 16.4 102.6
-Spot46 231 106963 1.5 9.3902 0.8 4.4607 2.7 0.3038 2.6 0.95 1710.1 38.5 1723.7 22.3 1740.2 14.8 1740.2 14.8 98.3
-Spot 29 104 24052 3.6 9.3669 0.9 4.4608 2.8 03030 2.7 0.95 1706.4 40.2 1723.7 23.4 17448 159 1744.8 159 97.8
-Spot 86 291 65231 8.6 9.3541 0.7 4.6307 3.0 03142 29 0.97 1761.1 443 17548 24.7 17473 129 17473 12.9 100.8
-Spot26 210 55268 0.9 9.3505 0.8 45383 2.9 03078 2.8 0.97 1729.7 43.0 1738.0 24.5 1748.0 14.1 1748.0 14.1 99.0
-Spot7 670 14505 2.3 9.3472 0.8 3.9346 2.3 0.2667 2.2 0.94 15242 293 1620.8 18.7 1748.6 14.8 1748.6 14.8 87.2
-Spot 39 162 139914 2.8 9.3265 0.8 4.5249 35 03061 34 0.97 17214 514 17356 29.2 1752.7 154 1752.7 15.4 98.2
-Spot 90 167 46041252 2.7 9.2161 0.9 4.6483 3.2 03107 3.1 0.96 17442 46.8 1758.0 26.7 17745 16.5 1774.5 16.5 98.3
-Spot99 711 19802 4.2 9.1911 0.7 4.4375 2.5 0.2958 24 096 1670.5 357 1719.4 20.9 1779.4 122 1779.4 12.2 939
-Spot79 218 39317 3.2 9.1572 0.8 4.695 3.1 03119 3.0 0.96 1750.1 453 1766.6 25.7 1786.1 15.1 1786.1 15.1 98.0
-Spot 73 398 44745 2.2 9.0427 0.7 4.6953 2.7 03079 2.6 0.97 1730.6 39.6 1766.4 22.6 1809.0 12.2 1809.0 12.2 95.7
-Spot84 506 138454 3.4 9.0138 0.8 4.6865 2.7 0.3064 25 096 1722.8 385 1764.8 22.3 18149 14.1 1814.9 14.1 94.9
-Spot 58 151 2283415 1.8 8.8865 0.8 49630 3.2 03199 3.1 0.97 1789.1 480 1813.0 26.7 1840.7 13.9 1840.7 139 97.2
-Spot 38 382 4284 2.2 8.7364 19 4.6917 3.3 0.2973 2.7 0.81 1677.8 40.1 1765.8 28.0 1871.5 352 1871.5 35.2 89.7
-Spot22 344 26165 2.3 7.6409 0.9 5.8798 3.3 0.3258 3.2 0.97 18182 51.0 19583 28.9 2109.7 15.1 2109.7 15.1 86.2
-Spot 60 182 798900 1.8 7.4183 0.7 7.5504 24 0.4062 23 0.95 2197.7 423 2179.0 21.3 21614 124 21614 12.4 101.7
-Spot24 268 64417 2.6 6.2246 0.9 9.9947 3.0 04512 29 0.95 2400.6 581 24343 28.1 24625 15.7 2462.5 15.7 97.5
-Spot 21 279 51930 0.6 6.0062 0.8 11.2041 2.9 0.4881 2.8 0.96 2562.3 583 2540.3 26.7 2522.7 12.6 2522.7 12.6 101.6
-Spot62 413 1529666 15 5.9917 0.7 9.8118 2.4 0.4264 2.3 0.95 2289.4 448 2417.3 22.5 2526.7 12.2 2526.7 12.2 90.6
-Spot4 504 3091544 1.1 5.7168 0.6 12.1821 2.3 0.5051 2.3 0.97 2635.7 487 26185 21.8 2605.3 9.9 2605.3 9.9 101.2
Spot 102 702 15551 1.4 5.5280 0.6 9.9607 2.4 03994 2.3 0.97 2166.1 43.0 2431.1 22.3 2661.1 9.9 2661.1 9.9 81.4
-Spot 66 118 64140 1.0 5.3908 0.7 13.2969 3.0 0.5199 29 0.97 26987 64.2 2701.0 28.4 2702.7 12.2 2702.7 12.2 99.9
-Spot 68 478 62289 1.2 4.7786 0.9 15.4828 2.9 0.5366 2.7 0.95 2769.2 61.4 28454 27.5 2899.9 15.0 2899.9 15.0 95.5
-Spot 31 96 4568064 3.5 4.6473 0.9 17.7382 3.5 0.5979 3.3 0.97 3021.3 80.7 2975.6 33.3 29449 14.1 2944.9 14.1 102.6
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Table 05NA15. U-Pb geochronologic analyses.

Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb U/Th 206Pb* + 207Pb* + 206Pb* +  Error 206Pb* + 207Pb* + 206Pb* + BestAge = Conc
(ppm) 204Pb 207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)

-Spot12 183 36723 1.7 11.1089 0.6 2.9932 2.6 0.2412 2.5 0.97 1392.7 31.3 14059 19.6 14259 11.6 14259 116 97.7
-Spot24 384 56951 1.7 11.0589 0.6 3.1372 2.1 0.2516 2.0 0.96 1446.8 26.4 14419 16.4 14345 11.8 14345 11.8 100.9
-Spot69 136 22007 1.2 10.9740 0.6 3.1633 2.7 0.2518 2.6 0.98 1447.6 33.8 1448.3 20.6 1449.2 11.2 1449.2 112 999
-Spot 85 99 25802 2.8 10.9653 0.7 3.1243 2.6 0.2485 2.5 0.96 1430.6 319 1438.7 19.9 1450.7 13.7 1450.7 13.7 98.6
-Spot 105 173 62353 1.1 10.9274 0.6 3.0416 2.5 0.2411 2.4 0.97 1392.2 30.1 14181 189 14573 11.0 14573 11.0 955
-Spot 91 63 61174 2.6 10.8947 09 3.1980 3.4 0.2527 3.2 0.96 14524 42.1 1456.7 26.1 1463.0 17.7 1463.0 17.7 99.3
-Spot 71 392 24137 0.9 10.6836 0.6 3.2200 1.8 0.2495 1.7 0.94 14359 21.5 1462.0 13.7 1500.1 11.5 1500.1 11.5 95.7
-Spot2 568 266996 4.6 9.7231 0.5 4.1744 19 0.2944 1.8 0096 1663.3 26.9 1669.0 15.7 1676.1 10.0 1676.1 10.0 99.2

-Spot 79 65 10193 1.4 9.6272 0.8 4.3891 3.2 03065 3.1 0.97 1723.2 46.2 17103 26.1 16944 150 16944 15.0 101.7
-Spot65 340 184834 3.5 9.6158 0.4 43668 14 03045 13 095 1713.8 19.8 1706.1 11.5 1696.6 81 1696.6 8.1 101.0
-Spot46 123 14999 2.6 9.6103 0.8 4.3404 2.7 0.3025 2.6 096 1703.8 39.5 1701.1 22.6 1697.7 14.0 1697.7 14.0 100.4
-Spot25 273 101518 1.9 9.5939 0.5 4.5485 2.1 0.3165 2.0 097 17726 31.6 17399 17.6 1700.8 9.9 1700.8 9.9 104.2
-Spot 102 110 17746 4.7 9.5754 0.6 4.3244 2.9 03003 29 0.98 1692.9 42.8 1698.0 243 1704.4 11.7 17044 11.7 99.3
-Spot14 205 35491 2.0 9.5629 0.5 4.4277 2.8 0.3071 2.7 098 17264 409 1717.5 228 1706.8 9.9 17068 9.9 101.1
-Spot59 242 52389 2.5 9.5517 0.6 4.3858 2.4 0.3038 2.3 096 17103 35.3 1709.7 20.2 17089 119 17089 11.9 100.1
-Spot 76 509 1639010 8.8 9.5228 0.5 4.4169 2.2 03051 2.1 0.98 1716.3 32.0 17155 18.0 17145 85 17145 8.5 100.1
-Spot17 287 200636 3.3 9.5089 0.5 4.5622 2.3 0.3146 2.2 0097 17635 343 17424 19.0 17172 9.6 1717.2 9.6 102.7
-Spot49 271 101551 2.0 9.5074 0.5 4.4352 2.1 0.3058 2.1 098 1720.1 31.7 17189 17.8 17175 86 1717.5 8.6 100.2
-Spot 110 131 57214 2.4 9.5010 0.7 4.5626 3.0 0.3144 29 0.97 1762.3 449 17425 25.0 17187 13.6 17187 13.6 102.5
-Spot35 322 323164 19 9.4960 0.7 44635 2.0 0.3074 19 094 17279 28.1 17242 16.4 1719.7 128 1719.7 12.8 100.5
-Spot 107 172 54278 3.9 9.4960 0.5 4.4300 1.9 03051 1.8 0.97 1716.6 27.4 1718.0 15.6 1719.7 8.8 1719.7 88 99.8
-Spot4 627 2088593 2.3 9.4804 0.5 4.4869 1.9 0.3085 1.8 096 17334 279 1728.6 158 17227 9.5 17227 9.5 100.6

-Spot30 299 128896 3.4 9.4733 0.6 45139 2.4 03101 24 097 17414 36.0 17335 20.2 17241 111 17241 11.1 101.0
-Spot 37 201 30891 1.5 9.4661 05 45470 2.1 03122 20 097 17514 309 1739.6 17.3 17255 9.4 17255 9.4 1015
-Spot43 659 231886 2.0 9.4609 0.5 4.4687 2.0 0.3066 19 096 17241 289 17252 165 17265 9.8 17265 9.8 99.9
-Spot5 476 40692 1.4 9.4556 0.6 4.0614 2.1 0.2785 2.0 0.95 15839 283 1646.6 17.2 17275 11,5 17275 115 91.7

-Spot44 143 488987 1.0 9.4512 0.7 4.4930 2.6 03080 2.5 0.96 1730.8 37.8 1729.7 21.4 17284 125 17284 12.5 100.1
-Spot90 241 88175 1.3 9.4362 0.5 4.5846 2.5 0.3138 2.5 098 1759.2 383 17465 21.1 17313 89 17313 8.9 101.6
-Spot99 101 157095 1.2 9.4145 0.7 4.5865 2.9 0.3132 2.8 097 1756.3 42.8 1746.8 24.0 17355 13.3 17355 13.3 101.2
-Spot89 171 38730 1.0 9.3850 0.9 4.6579 3.2 03170 3.1 096 17753 48.0 1759.7 26.8 1741.3 158 1741.3 15.8 102.0
-Spot92 122 60097 1.6 9.3691 0.7 45769 2.3 0.3110 2.2 095 17456 33.2 17451 19.1 17444 132 17444 13.2 100.1
-Spot98 325 92773 1.1 9.3691 0.7 4.5582 2.0 0.3097 1.9 094 1739.4 29.3 17417 17.0 17444 12.4 17444 124 99.7
-Spot 61 100 140935 19 9.3560 0.7 4.5669 3.7 0.3099 3.7 0.98 1740.2 55.8 17432 31.1 17469 13.5 17469 135 99.6
-Spot95 141 27364 1.1 9.3516 0.6 4.6730 2.9 0.3169 2.8 098 17748 43.4 17624 24.0 1747.8 113 1747.8 11.3 101.5
-Spot 18 102 25488 1.6 9.3477 0.6 4.6995 3.3 0318 3.3 0.98 17829 50.8 1767.2 27.8 17485 11.4 17485 11.4 102.0
-Spot54 172 160732 3.3 9.3475 0.7 4.7174 2.7 0.3198 2.6 097 17888 41.0 1770.3 227 17486 124 17486 12.4 102.3
-Spot88 300 99710 1.8 9.3418 0.4 4.6853 2.1 0.3174 2.0 098 1777.2 31.5 1764.6 173 1749.7 7.9 1749.7 7.9 101.6
-Spot94 200 53595 2.4 9.3064 0.7 4.6430 24 03134 23 0096 1757.4 359 1757.0 20.3 1756.7 12.1 1756.7 12.1 100.0
-Spot47 215 1010027 1.9 9.2716 0.5 4.7067 2.1 0.3165 2.0 097 17726 31.5 17684 175 17635 8.6 17635 8.6 100.5
-Spot 101 177 36020 4.6 9.2477 0.6 4.6727 2.3 03134 22 097 17574 33.6 17624 189 1768.2 10.5 17682 10.5 99.4
-Spot93 259 784972 3.4 9.2419 0.4 4.6907 24 03144 24 0098 17624 36.5 17656 20.1 1769.4 7.8 1769.4 7.8 99.6
-Spot 84 424 143492 1.8 9.2417 0.6 4.7426 2.0 0.3179 19 095 1779.4 29.8 17748 169 1769.4 115 1769.4 11.5 100.6
-Spot97 474 167560 1.4 9.2372 0.5 4.7505 1.7 0.3183 1.6 096 1781.2 253 1776.2 14.2 17703 86 1770.3 8.6 100.6
-Spot31 212 50166 3.4 9.2368 0.6 4.8310 2.0 0.3236 19 095 1807.5 29.2 17903 16,5 17704 113 17704 11.3 102.1
-Spot82 368 92024 3.1 9.2343 0.5 4.7653 1.7 0.3191 1.7 095 17856 25.8 1778.8 14.6 17709 9.8 17709 9.8 100.8
-Spot62 119 107227 0.8 9.2297 0.7 4.5948 2.8 0.3076 2.7 0.97 1728.8 40.7 17483 23.1 1771.8 119 1771.8 119 97.6
-Spot 103 797 26724 3.2 9.2018 0.6 4.1472 2.0 0.2768 1.8 0.94 15751 25.8 1663.7 16.0 17773 11.7 1777.3 11.7 88.6
-Spot48 200 48024 1.7 9.1988 0.7 4.7476 2.8 0.3167 2.8 097 1773.8 42.7 17757 23.8 17779 129 17779 129 99.8
-Spot 15 144 688978 3.8 9.1842 0.7 4.8367 3.1 03222 3.0 0.97 1800.3 47.9 17913 26.3 1780.8 129 1780.8 12.9 101.1
-Spot10 133 220607 1.6 9.1802 0.7 4.7414 2.6 0.3157 2.5 0097 1768.6 384 17746 215 17816 119 17816 119 99.3
-Spot29 345 211645 3.6 9.1619 04 4.7614 2.1 03164 2.1 098 1772.1 325 1778.1 180 17852 7.6 17852 7.6 99.3
-Spot19 121 42174 2.4 9.1605 0.7 4.8060 2.8 0.3193 2.7 097 1786.3 423 17859 23.6 17855 129 17855 12.9 100.0
-Spot3 104 39221 5.6 9.1406 0.6 4.7993 3.2 0.3182 3.2 098 1780.7 49.7 17848 273 1789.5 10.6 1789.5 10.6 99.5

-Spot73 229 64315 2.5 9.0657 0.6 5.0182 2.9 0.3299 2.8 0.97 1838.1 44.7 18224 243 18044 11.6 18044 11.6 101.9
-Spot55 181 1659154 3.3 9.0648 0.7 4.9334 3.4 0.3243 33 098 18109 51.7 1808.0 283 1804.6 13.2 1804.6 13.2 100.3
-Spot 100 102 13794 2.5 9.0199 0.8 4.9754 3.4 0.3255 3.3 0.97 1816.5 52.1 1815.2 287 1813.6 14.5 1813.6 14.5 100.2
-Spot42 263 1246184 4.2 9.0173 0.7 4.9043 2.2 03207 2.1 095 1793.3 325 1803.0 18.5 1814.2 12.7 1814.2 12.7 98.9
-Spot26 157 64295 4.2 8.9961 0.7 5.1009 2.7 0.3328 2.6 096 1852.0 42.5 1836.3 233 18184 13.2 18184 13.2 101.8
-Spot 106 439 288686 2.2 8.9912 0.6 4.9813 1.8 0.3248 1.7 0.94 18133 26.2 1816.2 149 18194 11.0 18194 11.0 99.7
-Spot20 239 104245 3.8 8.9692 0.6 4.9411 23 03214 2.3 097 1796.7 353 1809.3 19.6 18239 10.5 18239 10.5 98.5
-Spot27 218 62499 1.7 8.9526 0.5 5.0560 2.5 0.3283 2.5 0.98 1830.1 39.5 1828.7 215 1827.2 9.1 1827.2 9.1 100.2
-Spot96 140 61523 2.2 8.9294 0.6 5.1327 2.4 0.3324 23 097 1850.0 37.2 18415 20.2 18319 10.3 18319 10.3 101.0
-Spot34 188 36449 1.9 89142 0.5 5.1249 2.3 03313 2.3 0.98 18449 36.4 1840.2 19.7 18350 9.1 1835.0 9.1 100.5
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Isotope Ratios

Apparent Ages (Ma)

Analysis U 206Pb  U/Th  206Pb* + 207Pb* + 206Pb* + Error 206Pb* + 207Pb* + 206Pb* + Best Age t Conc
(ppm)  204Pb 207Pb* (%)  235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%)
-Spot64 372 54845 2.5 8.8959 0.5 5.1977 1.8 0.3354 1.7 0096 1864.3 27.7 1852.2 15.2 18387 9.1 1838.7 9.1 1014
-Spot67 208 134292 1.3 8.8814 0.8 5.2820 2.7 0.3402 2.6 0095 1887.8 419 1866.0 23.0 18417 15.0 1841.7 15.0 102.5
-Spot 60 282 297676 2.3 8.8796 0.7 5.0304 3.3 0.3240 3.3 0.98 1809.0 51.6 18244 283 1842.1 11.8 18421 11.8 98.2
-Spot 87 203 1153897 4.4 8.8734 0.6 5.1301 2.3 0.3302 2.2 097 1839.1 35.0 1841.1 19.2 1843.3 10.5 1843.3 10.5 99.8
-Spot57 400 38463 2.9 8.8066 0.7 4.7517 2.7 0.3035 2.6 097 1708.6 385 1776.4 223 1857.0 124 1857.0 124 92.0
-Spot72 311 121869 19 8.7761 0.6 5.1797 2.3 0.3297 2.2 097 18369 35.2 18493 194 1863.3 105 1863.3 10.5 98.6
-Spot 21 190 17917 2.3 85689 09 55387 3.0 03442 29 0.95 19069 474 1906.6 26.0 1906.3 16.9 1906.3 16.9 100.0
-Spot56 346 18935 1.2 85522 0.5 5.1878 2.4 0.3218 2.3 097 17984 36.3 1850.6 20.2 1909.8 9.8 1909.8 9.8 94.2
-Spot 109 378 3822721 1.7 85080 0.5 5.7119 2.1 0.3525 2.1 0.97 1946.3 34.7 1933.2 184 1919.1 9.7 1919.1 9.7 101.4
-Spot36 585 378087 8.3 8.2965 1.6 54200 3.2 03261 2.8 0.86 1819.6 44.0 1888.0 27.6 1964.1 29.0 1964.1 29.0 92.6
-Spot 8 54 20421 0.6 8.1246 09 6.0304 4.7 03553 46 0.98 1960.0 77.5 1980.2 40.8 20014 16.3 20014 16.3 979
-Spot70 552 119839 1.7 7.7781 0.6 6.6593 2.2 0.3757 2.1 096 2056.0 36.6 2067.2 19.1 2078.4 10.2 20784 10.2 98.9
-Spot 86 125 191086 1.2 6.9363 0.7 8.0477 25 04049 24 0.96 21914 443 2236.4 224 22779 115 22779 115 096.2
-Spot 39 179 55390 2.2 6.7009 0.5 8.7788 2.7 0.4266 2.6 0.98 2290.6 50.6 23153 243 23371 84 23371 84 98.0
-Spot 40 173 56190 0.5 6.3930 0.6 9.9237 2.6 0.4601 2.5 0.97 2440.1 50.4 2427.7 23.6 24173 10.2 2417.3 10.2 100.9
-Spot 13 625 203460 4.1 6.2684 0.5 99752 1.7 0.4535 1.6 0096 24108 329 24325 15.7 2450.7 7.6 2450.7 7.6 98.4
-Spot 68 176 280756 2.3 6.2503 0.6 10.2221 2.7 0.4634 2.7 0.98 24545 547 24551 254 24556 9.9 24556 9.9 100.0
-Spot 81 318 158044 2.3 6.1969 0.6 10.3951 2.3 0.4672 2.2 096 24713 453 2470.6 21.2 2470.1 10.5 2470.1 10.5 100.0
-Spot 41 73 88716 1.7 6.1603 0.7 9.7548 3.5 0.4358 3.5 0.98 23319 68.0 24119 32.6 2480.1 11.3 2480.1 11.3 94.0
-Spot 66 179 306319 1.5 6.1500 0.5 10.6219 2.4 04738 2.4 0.98 2500.1 49.0 2490.6 225 24829 8.8 24829 8.8 100.7
-Spot 58 78 2207857 0.4 5.8181 0.8 11.2397 3.0 04743 29 0.97 25023 59.5 2543.2 27.7 2576.0 12.8 2576.0 128 97.1
-Spot6 426 175413 09 5.6292 0.5 12.1665 2.1 0.4967 2.0 0.97 2599.7 427 26173 19.3 2631.0 8.6 2631.0 8.6 9838
-Spot 1 566 25914 15 5.6240 0.6 11.5893 2.0 0.4727 19 0.96 24955 39.0 2571.8 18.4 26325 9.5 26325 95 9438
-Spot 77 595 508323 1.6 5.5814 0.5 12.4031 1.9 0.5021 19 0.97 2622.7 40.6 26354 183 26452 7.8 26452 7.8 99.2
-Spot 83 383 102269 0.9 5.5391 0.5 11.9918 2.2 0.4817 2.1 097 25349 440 2603.8 20.3 26578 9.0 2657.8 9.0 954
-Spot52 244 194612 0.9 5.5084 0.6 12.7486 2.4 0.5093 2.4 097 2653.7 51.4 26613 23.0 2667.0 10.0 2667.0 10.0 99.5
-Spot 78 250 154173 1.3 5.5009 0.6 12.8934 2.3 0.5144 2.2 097 26754 47.8 26719 21.2 26693 9.3 2669.3 9.3 100.2
-Spot80 625 158200 1.4 5.4763 0.6 12.3770 2.0 0.4916 19 095 2577.5 41.2 2633.4 19.1 2676.7 10.3 2676.7 103 96.3
-Spot 11 91 715121 0.9 54422 0.5 13.6438 3.0 0.5385 3.0 098 2777.3 66.8 27253 284 26870 8.8 2687.0 8.8 103.4
-Spot28 703 36502 3.5 54375 0.6 109133 2.1 0.4304 2.0 096 2307.4 39.2 25158 195 26884 9.2 26884 9.2 858
-Spot32 350 280044 1.3 5.4343 0.7 13.1909 2.1 0.5199 2.0 0.94 2698.7 445 26934 20.2 2689.4 11.8 2689.4 11.8 100.3
-Spot 23 68 150492 1.5 5.3969 0.7 13.1049 4.5 0.5129 44 0.99 2669.2 096.6 2687.2 42.2 27008 11.5 2700.8 11.5 98.8
-Spot 51 178 34961 1.1 5.3883 0.6 13.5827 2.3 0.5308 2.2 097 27448 49.5 2721.1 217 27034 9.9 27034 99 1015
-Spot 74 87 53893 15 53500 0.5 13.8203 2.6 0.5363 2.5 0.98 27678 57.3 27375 247 27152 9.0 27152 9.0 101.9
-Spot 45 82 91055 1.3 5.3341 0.8 13.2854 3.5 0.5140 34 0.97 2673.5 74.7 2700.1 33.2 27201 13.7 27201 13.7 983
-Spot 9 94 273739 1.1 5.3306 0.6 13.5592 2.9 0.5242 2.9 0098 2717.0 63.3 2719.4 275 27212 9.4 27212 94 99.8
-Spot 53 353 142335 0.9 5.1574 0.5 14.2766 2.4 0.5340 2.3 097 2758.4 51.7 27683 225 27755 9.0 27755 9.0 994
-Spot 104 101 36439 1.2 3.3811 0.5 29.0384 3.4 0.7121 3.3 0.99 3466.3 89.2 3454.8 33.0 34482 7.1 34482 7.1 100.5
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01NA1S5

02NA15

03NA15

O5NA15

Run

Run

Run

Run

Clear white Qtz, NE of Houlihan Springs Coyote Creek quad.
Salmon quad has dip SW of 33 degrees.

Same loc as Sherwin's sample that has Grenville aged zircons
Lonn stop #2 W of Rawhide Ck and E of W Coyote Creek. Salmon
Map

shows SE dip of 25 degrees

Feldspar poor gtz, Salmon Map shows as Cambrian Flathead?
S of Brays Canyon along the road

Feldspathic Qtz with mud chips. Jahnke Lake Qtz?

Left Fork of Buffalo Creek, Salmon Map shown as Yaj

N45 05'21.38" W113 15'31.56"

N1504'17.39" W113 16'44.46"

N4511'40.58" W113 10' 13.37"

N45 10'22.25" W113 12' 25.10"




