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Introduction 
 

The Brown Mountain Quadrangle (BMQ) is located directly on the north - south 
oriented axis of High Cascade volcanoes that stretch from British Columbia, Canada to 
Mount Lassen in northern California. Figure 1 provides exact location information on 
several levels; where in the Pacific Northwest to where in south-central Oregon and to the 
local geographic context in which the BMQ is situated. Topographically the elevation 
ranges in the BMQ from 4190 feet where the South Fork of the Little Butte Creek exits the 
quadrangle flowing to the west, to 7311 feet, the summit of Brown Mountain, the highest 
point in the quadrangle. That means there are 3121 feet of topographic relief within the 
BMQ. Naturally anyone who has either read about or visited regions within the higher 
portions of the Cascade Mountains knows that the landscape is an interesting mix of 
volcanic and glacial features, often referred to by the imagination-inciting phrase “fire and 
ice”. However, in the BMQ physical and visual evidence of the “ice” part of the phrase is 
relegated to the very highest segment of Brown Mountain, particularly on the north and 
northeast facing slopes. The “fire” part of the phrase is most easily visualized in the 
northeastern quarter of the quadrangle that is dominated by numerous blocky andesite flows 
that radiate outward from the summit. As andesite stratovolcanoes go Brown Mountain is 
quite atypical because the proportionality of lava flows to pyroclastic material is highly 
skewed towards lava flows. 
 
All the other topographic high points in the BMQ are less than 6200 feet in elevation. 
Prominent volcanic vents like Robinson Butte, Burton Butte, and Old Baldy (see Figure 1) 
extruded much lava over large areas of the BMQ. These high points have one thing in 
common. They are all located just outside of the quadrangle boundaries. Cox Butte and 
Brush Mountain, which extruded basaltic andesite and basalt respectively, are two 
prominent named volcanic vents that reside within the quadrangle. Several cinder pits / rock 
quarries used exclusively for road building aggregate are found scattered through the 
quadrangle, the largest of which is the Big Elk cinder pit located in the extreme northwest 
portion the quadrangle, approximately one mile SSE of the Robinson Butte summit.  
 
The Pacific Crest Trail crosses the BMQ from south to north (see Figure 1). There are 
several points of easy access to the PCT. One is where Oregon highway 140 crosses the 
PCT north of Brown Mountain and south of Mt. McLoughlin and another is where the Dead 
Indian Memorial highway crosses the PCT. At both locations small paved parking lots are 
available for vehicles. Also the trail from Fish Lake to Lake of the Woods intersects the 
PCT which provides through hikers an opportunity to re-supply and use the shower and 
laundry facilities at the small stores located at both popular fishing locations. 
 
A comment on nomenclature: when geoscientists classify igneous rock samples they often 
come at it from two points of view. One is based on identifying the visible minerals in a 
hand sample (a modal mineral classification) and the other is based on a chemical analysis 
of that sample (a chemical classification of igneous rocks – see Figure 2 as an example). 
Naturally the latter is more precise and rigorous and the former is looser and less precise 
and is open to more opinions. The most common volcanic rock names (basalt, basaltic 
andesite, andesite, dacite, rhyolite) define a sequence in which the iron – magnesium 
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bearing silicate minerals (olivine, orthopyroxene, clinopyroxene, hornblende, biotite) are 
most abundant on the left side of the sequence, forming upwards of 50 to 60 percent of the 
minerals present and decreases to nearly zero to the right, namely, in rhyolite. The 
remaining 40 to 50 percent of the rock consists mostly of plagioclase feldspar, non-iron 
magnesium bearing silicate mineral, and a few percent of chromium, iron, titanium 
dominated oxide minerals. With regard to rock chemistry silica (SiO2) increases from basalt 
to rhyolite and correlates directly with increasing viscosity and greater explosivity. 
 
Table 1, which accompanies the geologic map of the BMQ, contains the chemical and age 
data for all the analyzed rock samples. Figure 1 also depicts the location of all the samples 
for which age dates exist, both within the BMQ as well as immediately adjacent to it. Figure 
2 is a total alkali (Na2O + K2O) versus SiO2 diagram that summarizes the rock names that 
are most germane for the volcanic materials present in the BMQ. In addition the chemical 
data is displayed for each stratigraphic unit that is defined below using an individualized 
symbol that is summarized in the legend that accompanies Figure 2.     
 

Broad Overview of the Geology of the Brown Mountain Quadrangle 
 
 The geology of the BMQ encompasses the latest 22 million years (Ma) of earth 
history. To be scrupulously honest it is more accurate to say 99+ percent of the rocks 
outcropping within the BMQ are 6.2 Ma old or younger with just a small sliver of the early 
Miocene Heppsie Formation. These Miocene-age volcanic rocks are exposed in the South 
Fork of the Little Butte Creek drainage just before the stream crosses into the adjoining 
Robinson Butte quadrangle on the far western margin of the BMQ. The Heppsie Formation 
is the youngest segment of the Little Butte Volcanic Series that in turn is classified as part 
of the Late Early Western Cascade period of volcanism as defined by Priest (1990). The 
uppermost section of the Heppsie Formation in this region consists of a poorly to 
moderately welded ash-flow tuff unit that is well exposed in the north valley wall of the 
South Fork of the Little Butte Creek in the eastern one-third of the Robinson Butte 
quadrangle. Locally this ash flow unit is several hundred feet thick and takes on a crude 
columnar jointing pattern where welding has been moderate. To accurately picture how this 
material was both erupted and deposited on the earth’s surface, one needs to envision the 
famous eruption of Vesuvius volcano in Italy in 79 AD as described by Pliny the younger, 
the eruption and near total destruction of Mount Mazama, nearly 7000 years ago, or the 
much more recent eruption of Mount Pinatubo in the Philippine Islands in 1991. 
  
 Resting on top of the Heppsie Formation in this region with an unconformity or age 
gap of 13 to 15 million years are lavas that belong to the early segment of High Cascades 
volcanism as summarized by Priest (1990). In this portion of the Cascades Mountains latest 
Miocene to Holocene volcanism is completely dominated by lavas and vent pyroclastics. 
Whereas pyroclastic flow activity characterized the youngest segment of Heppsie time, the 
latest 6 to 7 Ma of geologic time has seen very little of this kind of violent volcanic activity 
with the one very notable exception being Crater Lake / Mount Mazama volcano and its 
pyroclastic flow dominated eruptive history ~7000 years ago.  Geologically-speaking the 
extrusive rocks that are so ubiquitous in the quadrangle are latest Miocene (7.246 to 5.332 
Ma), Pliocene (5.332 to 1.806 Ma), and Pleistocene (1.806 to 0.0115 Ma) in age (see 
Gradstein, Ogg, and Smith, 2004 for details). Mertzman (2000) and Mertzman (unpublished 
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data, 2007) provide many new age dates, derived from both a whole rock K-Ar method as 
well as 40Ar/39Ar technology, that have been measured through June, 2007. 
 
 Glacial activity over the past 1 to 2 Ma has only affected the very highest point in 
the quadrangle; namely, the summit region of Brown Mountain volcano. Evidence for 
glacial activity can be seen on the north and northeast segment of the Brown Mountain 
summit crater. 
 
 

Explanation of Map Units 
 

Qal Alluvium (Holocene) Unconsolidated sediment found in close proximity to modern 
drainages. 

 
Volcanic Rocks 

 
Qbv, Qav Basaltic to basaltic andesite / andesite vent deposits (Pleistocene) Poorly 

lithified to unconsolidated lapilli to ash-sized cinders black to brown to red in color 
with lesser amounts of similarly colored lava spatter, bombs, and scoria. These 
deposits mark volcanic vents areas that are often cinder cones. 

 
Qabm  Andesite of Brown Mountain (Upper Pleistocene) Numerous blocky lava 

flows of aphanitic andesite originate from Brown Mountain. The outermost carapace 
of the blocky flow material is medium to dark gray in color and dominated by open 
vesicles that are 1 to 2mm in diameter and can be stretched out into an ellipsoid in 
the flow direction. The flow interiors where visible are significantly lighter in color 
and are universally characterized by platy flow jointing with 2 to 3 cm separating the 
joint planes. Hand samples contain 10 to 20 percent microphenocrysts between 0.4 
and 1 mm, with plagioclase feldspar being the most abundant mineral, followed by 
orthopyroxene and clinopyroxene. Minor olivine and opaque oxide minerals are also 
present. The age of the Brown Mountain volcanic activity is less than 100,000 years 
old, most likely between 50,000 and 25,000 years old based on geomorphologic 
evidence. Vestiges of Late Pleistocene glacial and periglacial activity are confined to 
the summit region of Brown Mountain, in particular, on the northern and 
northeastern sides just below the summit crater.  

 
Qbbb  Basalt of Burton Butte (Middle Pleistocene) Light gray to dark bluish gray 

in hand sample color, lava samples are consistently lighter in color than that of 
pyroclastic samples. Burton Butte cinder / scoria cone, the source of these lavas, is 
located in the adjoining quadrangle to the east, the Lake of the Woods, South 
quadrangle. Pahoehoe lava flows from Burton Butte spread westward nearly six 
miles, down the paleo-drainage now occupied by the Beaver Dam Creek all the way 
to Deadwood Prairie. Most samples have a diktytaxitic (sponge-like) texture with a 
larger sized set of vesicles present, several mm to one centimeter in diameter, that 
are often lined to partially filled with secondary mineralization, mostly carbonate 
with some silica and zeolitic minerals infrequently present.  The larger sized set of 
vesicles is often stretched out to provide a lineation parallel to the last flow direction 
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of the lava. Plagioclase, 0.5 to 2mm in diameter, is the most abundant mineral with 
15 to 25 percent olivine and a similar amount of clinopyroxene present, filling in the 
interstices between the tabular laths of plagioclase. Chromite, present within early-
formed olivine crystals, together with titanomagnetite and ilmenite, are the opaque 
minerals that constitute 8 to 10 percent of the minerals present in these basaltic 
lavas. Several whole rock K-Ar ages are available for this unit and are characterized 
by relatively large + or – values. These relatively large error limits are due in part to 
the low whole rock K2O values for the Burton Butte basalt samples, <0.3%. One 
40Ar/39Ar age has been quite recently determined and is preferable over all the 
others. Burton Butte volcanic activity is 0.33 ± 0.12 Ma old. 

 
Qbrb  Basalt of Robinson Butte (Middle Pleistocene) Light gray to dark bluish gray in 

hand sample color, lava samples are consistently lighter in color than that of pyroclastic 
samples. Robinson Butte cinder / scoria cone, the source of these lavas, is located in the 
adjoining quadrangle to the west, the Robinson Butte quadrangle. Three to five meter 
thick lava flows with pahoehoe surfaces are abundant. Vesicles 5 to 10 mm long and 
stretched out in the direction of flow and partially lined with vapor phase deposited 
secondary minerals, are common. The lavas have a glomeroporphyritic texture with 
olivine (1 to 3 mm in maximum dimension) constituting 10 to 15 percent of each hand 
sample. Poikilitic within early-formed olivine crystals are chrome-spinel inclusions. 
Abundant clinopyroxene (1 to 3 mm) and plagioclase (0.5 to 1 mm) phenocrysts 
constitute nearly 50 percent of a hand sample and are present in clumps as well as 
individual crystals. The groundmass is primarily intersertal in nature. One whole rock K-
Ar age is available for this unit, 0.40 ± 0.30 Ma. One 40Ar/39Ar age has been quite 
recently determined and is preferable because of its much better precision. Robinson 
Butte volcanic activity is 0.36 ± 0.06 Ma old. From a geologist’s or hiker’s point of view 
it is very interesting to note that the volcanic activity at Robinson Butte and Burton Butte 
are virtually identical in age, which suggests these two volcanoes could have 
simultaneously been erupting basaltic lava onto the southern Oregon landscape. Since the 
chemical compositions of basaltic lavas from Robinson and Burton Buttes are easily 
distinguishable, one implication is that the plumbing systems for each of these two 
volcanoes are separate and distinct. 

 
Tpbbm Basalt of Brush Mountain (Upper Pliocene) The Brush Mountain volcanic 

vents are aligned in a NNW-SSE direction in the extreme south-central part of the 
BMQ, extending into the Little Chinquapin Mountain quadrangle. Numerous basaltic 
lava flows are found in both quadrangles that emanate from these linearly arrayed 
vents. Brush Mountain basalts are medium gray in color as lavas and considerably 
darker gray as the lavas become more vesicular in nature. These extrusive rocks are 
porphyritic with 10 to 15 percent phenocrysts with plagioclase feldspar somewhat 
more abundant than olivine. These two minerals occur separately and in 
glomeroporphyritic clumps that can range up to 3 mm in diameter. Pyroxene is 
mostly confined to the matrix. The olivine is partially altered to iddingsite, a 
characteristic that causes the olivine phenocrysts to be much more darkly colored 
than the typical lime green color; it also causes olivine to be iridescent, particularly in 
shades of purple on newly broken surfaces. Two whole rock K-Ar ages are available 
for this unit, 2.22 ± 0.12 Ma and 1.97 ± 0.08 Ma old. 
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Tpbao  Basaltic Andesite of Old Baldy (Middle Pliocene) The singular topographic 
high point known as Old Baldy is located at the western tip of an east-west oriented 
ridge that on its eastern extent is composed of latest Miocene hornblende andesite. 
Earlier in the twentieth century a USFS fire lookout tower was located at the top of 
Old Baldy. Presently the PCT crosses this ridge several hundred meters to the west 
of Old Baldy. This ridge is the drainage divide between the South Fork of the Little 
Butte Creek and its tributaries which eventually end up in the Rogue River and the 
streams that drain Johnson Prairie to the south that empty into Jenny Creek and then 
the Klamath River. Every hand sample of Old Baldy basaltic andesite has 5 to 10 
glomeroporphyritic clumps, 5 to 8 mm in diameter, that are composed of 
plagioclase, far and away the most abundant mineral present in the Old Baldy lavas, 
and olivine. The abundance of olivine diminishes rapidly once the microphenocrysts 
and the matrix are examined because pyroxene, particularly clinopyroxene, becomes 
the dominant mafic mineral present. Acicular to lath-like plagioclase in the matrix of 
the samples is a particularly noticeable trait when examining them with a hand lens. 
Two whole rock K-Ar ages are available for this unit, 2.78 ± 0.10 Ma and 2.63 ± 
0.32 Ma old. 

 
Tpbcb  Basalt of Cox Butte (Middle Pliocene) The vents of the Cox Butte volcano 

are located somewhat west of center in the BMQ. It abuts the voluminous basaltic 
andesite to andesite lava flows of the somewhat older Ichabod Spring Formation to 
the north. Cox Butte lavas are light to medium gray in color, often with conspicuous 
flow jointing present with 5 to 10 cm separating each of the shear planes. Three to 
five percent clinopyroxene and olivine phenocrysts are visible, each up to 3 mm long, 
with the olivine being partially to completely altered to iddingsite. Tabular shaped 
crystals are lined up to produce a flow lineation. Plagioclase, which is most abundant 
mineral present, is ≤ 1 mm in diameter, effectively concentrated in the matrix. One 
very interesting petrographic feature concerning Cox Butte lavas concerns the larger 
clinopyroxene crystals. When examined with the petrographic microscope rather than 
being an individual crystal, the clinopyroxene grains are mosaics of dozens of smaller 
pyroxene crystals, resembling bathroom tile as a first-order comparison. These multi-
grained crystals may not actually be Cox Butte magmatic material, but rather 
fragments of pre-existing rock that became included in Cox Butte magma on its way 
to the surface. One whole rock K-Ar age is available for this unit, 2.96 ± 0.06 Ma old. 

 
Tpbdp  Basalt of Daley Prairie (Middle Pliocene) The vents for the Daley Prairie 

lavas are a series of spatter and scoria cones aligned in a predominantly east-west 
orientation and are located to the east of Cox Butte. A hand-sample of Daley Prairie 
basalt is light to medium gray in color and has 12 to 15 percent green olivine 
phenocrysts that are 1 to 3 mm in diameter. The olivine crystals occur singularly and 
in clumps creating a glomeroporphyritic texture. Some of the olivine crystals are 
dark brown around the margins as a result of alteration to iddingsite, a secondary 
assemblage of minerals that form at warm but low temperature when the lava is 
completely solidified. Iron-rich oxides and clay minerals are the dominant 
constituents in iddingsite. The Daley Prairie basalt is termed an olivine-phyric basalt 
because all the other silicate and oxide minerals present in the extrusive rock are 
confined to the fine grained matrix of the sample; thus, leaving olivine as the only 
visible mineral in the hand specimen. In thin section the olivine crystals have 
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included within them small <0.1 mm in diameter crystals of spinel, a chemically 
complex oxide mineral that has a general formula of AB2O4 where A is Fe+2 and 
Mg+2 and B is Cr+3 and Al+3 and Fe+3 in various amounts. The texture indicates the 
spinel mineral grains crystallized from the molten magma before the olivine crystals, 
which eventually grew around and enclosed the spinel crystals. An early-formed 
mineral subsequently surrounded by a later-formed mineral forms what is termed a 
poikilitic texture. Olivine-rich basaltic lavas like those of the Daley Prairie unit are 
thought to have likely traveled to the Earth’s surface from the asthenosphere where 
they were formed. They seemed to have been able to make this nearly 100 km trip 
with little in the way of chemical interaction with the rocks in which they were in 
continuous contact. Two whole rock K-Ar ages are available for this unit, 3.16 ± 
0.12 Ma and 2.77 ± 0.05 Ma old. 

 
Tpais  Andesite of Ichabod Spring (Middle Pliocene) Whereas the physical 

appearance of the preceding unit is exclusively dominated by olivine phenocrysts, 
the Andesite of Ichabod Spring is dominated by abundant phenocrysts of plagioclase 
and pyroxene. A minority of lavas included within this unit is basaltic andesite in 
bulk composition and can often be distinguished by the presence of 1 to 2 percent 
olivine phenocrysts in addition to the primary constituents plagioclase and pyroxene. 
Twenty to thirty percent plagioclase phenocrysts, more often in lath-like elongate 
crystals ranging in size up to 5 mm in length with striations present parallel to the 
long direction of the grains, dominate the physical appearance of these lavas. Also 
present are dark green to nearly black clinopyroxene and dark brown to nearly black 
orthopyroxene phenocrysts that range in size up to 4 mm, constituting between 5 and 
10 percent of the volume of a hand sample. With some frequency these larger 
phenocrysts have their long axes aligned parallel to the direction in which the lava 
was flowing producing what is termed a trachytic texture. Many of these lavas 
flowed from east to west across the BMQ from vents located on the western margin 
of the Lake of the Woods South quadrangle. Two whole rock K-Ar ages are 
available for this unit, 3.42 ± 0.06 Ma and 3.25 ± 0.05 Ma old. 

 
Tpafl  Andesite of Fish Lake (Lower Pliocene to Lower Pleistocene) This unit 

primarily consists of andesite lava flows but intercalated amongst the andesite flows 
are more mafic flows of basaltic andesite, much like the Andesite of Ichabod Spring. 
These andesites are quite porphyritic with plagioclase phenocrysts, singularly and in 
glomeroporphyritic clumps up to 7 and 8 mm in diameter, that amount to between 30 
and 40 percent of a typical hand specimen. Both orthopyroxene and clinopyroxene 
are present usually amounting to 5 to 7 percent of the hand sample. Olivine is either 
absent or present at a level of no more than 1 to 2 percent. On the whole outcrop of 
this unit is relatively limited and leaves the impression that it is more weathered due 
to iron staining in and along fracture surfaces that pass through the rock. No vents for 
these lavas were discovered. Three whole rock K-Ar ages are available for this unit, 
3.97 ± 0.08 Ma, 3.56 ± 0.06 Ma, and 1.67 ± 0.03 Ma old. 

    
Tpbmp Basalt of Moon Prairie (Lower Pliocene) These olivine-phyric lavas form 

the far southwest corner of the map area and have flowed from vents located further 
to the west in the Robinson Butte quadrangle. Spheroidal weathering is encountered 
at most of the outcrops of this unit. Olivine forms 15 to 20 percent of a hand sample 
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as phenocrysts 1 to 4 mm in diameter, many of which are partially to completely 
altered to iddingsite. Numerous small grains of spinel are poikilitically enclosed 
within the olivine crystals. Plagioclase feldspar is the most abundant mineral present 
but is confined to the matrix as elongate rectangular (laths) that are flow aligned to 
produce a trachytic texture. Present as microphenocrysts and small-sized crystals 
clinopyroxene is the only readily identifiable pyroxene present in these light gray 
colored basaltic lavas. One 40Ar/39Ar age is available for this unit, 4.51 ± 0.01 Ma 
old. 

 
Tmaob Andesite of Old Baldy East (Upper Miocene) This unit is atypical for this 

particular segment of the Cascade volcanic province in that the silicate mineral 
hornblende, a double chain hydrous ferromagnesian mineral is present as scattered 3 
to 5 mm long phenocrysts that constitute 2 to 3 percent of a hand sample. Strong 
chemical zoning is apparent in plagioclase feldspar, the most abundant present in 
this andesite unit. It is present as singular phenocrysts and in glomeroporphyritic 
clumps 1 to 3 mm in diameter that constitute 10 to 12 percent of the lava and 
thoroughly dominates the matrix in terms of abundance. Orthopyroxene is a 
significant mineral as well, constituting 7 to 10 percent of the total volume of the 
rock in crystals ranging up to 2 mm in diameter. Once again spheroidal weathering 
is a ubiquitous physical feature observed at most outcrops of this unit. One whole 
rock K-Ar age is available for this unit, 5.77 ± 0.09 Ma old. 

 
Tmbab Basaltic Andesite of Beaver Dam Creek (Upper Miocene to Lower 

Pliocene Once again spheroidal weathering is the order of the day when it comes to 
examining outcrops of this unit. Nearly every outcrop has one or more very good 
examples of this weathering phenomenon. Individual rounded boulders will 
frequently display distinctive weathering rinds when broken open, with the most 
intensively weathered material near the outside surface of the sample becoming less 
intensively weathered as one penetrates further into the rock mass. Compositionally 
speaking this unit has a majority of lavas that are basaltic andesite in composition; 
however, there are minor but persistent basaltic lavas present as well. These light 
gray basalts are consistently of the olivine-phyric type with the flow aligned 
phenocrysts of olivine ranging from 2 to 4 mm in length and constituting nearly 20 
percent of the volume of a hand sample. Many of these olivine crystals have been 
partially to substantially altered to iddingsite. Compared to these basaltic lavas the 
flows of basaltic andesite are much darker bluish-gray in color even though they are 
higher in silica content than the basaltic lavas. The basaltic andesite lavas have 
fewer phenocrysts. Plagioclase feldspar and olivine phenocrysts, 1 to 3 mm in 
diameter, constitute 3 to 5 percent of the volume of a hand sample and are nearly 
equal in abundance. Pyroxene and much additional plagioclase are confined to the 
sample matrix that is much finer grained than in the basaltic lavas. Hence, when 
breaking the basaltic andesite lava in to smaller chunks conchoidal fracture surfaces 
are very abundant. Two whole rock K-Ar ages are available for this unit, 5.82 ± 0.17 
Ma and 4.60 ± 0.34 Ma old. 

 
Tmbpb Basalt of Pole Bridge Creek (Upper Miocene to Lower Pliocene) The 

Basalt of Pole Bridge Creek outcrops rather spectacularly in the region near the 
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confluence of Beaver Dam Creek, Pole Bridge Creek, and the South Fork of the 
Little Butte Creek in the extreme west-central portion of the quadrangle. On the east 
side of the intersection the bluffs are held up by basalt lava flows and are capped by 
younger basaltic andesite lavas.  Individual bluffs have relief ranging from 35 to 60 
meters. The maximum thickness of the Basalt of Pole Bridge Creek is on the order 
of 70 to 80 meters.  It thins rapidly to the west so that in the Short Creek drainage in 
the Robinson Butte quadrangle, 2 to 2.5 km further to the west, the Basalt of Pole 
Bridge Creek has thinned to zero and the 0.4 Ma old Robinson Butte Basalt lies 
directly upon early Miocene volcanic rocks of the Heppsie Formation. On the 
outcrop, lava flows range from platy jointed near the base of the flow, with 
individual plates 1 to 3 cm thick, to essentially massive in the interiors.  Individual 
hand samples are light gray in color and often possess two generations of vesicles. 
The first generation of vesicles is larger, forming spherical to oval shaped voids that 
are 0.2 to 0.5 cm in effective diameter. The second generation of vesicles is pinhead 
in size and spherical in shape. Both vesicle types are quite fresh; that is, both are 
unfilled and unlined by secondary minerals in most locations.  The flows range from 
nearly aphyric; that is, phenocryst-free, to containing 20 to 25 percent small 
phenocrysts ranging between 1 and 2 mm in maximum dimension and consisting in 
order of decreasing abundance plagioclase, clinopyroxene. olivine, and opaque 
minerals. In many instances the olivine phenocrysts have been substantially altered 
through high temperature oxidation and have an appearance in thin section 
analogous to wormy wood. The opaque minerals are unusually abundant in this 
formation (10 to 12 percent of total mineralogy) and crystallized early as evidenced 
by their inclusion within all the silicate minerals listed above.  Also unusual is both 
the size and abundance of clinopyroxene crystals, in this case nearly equal in 
abundance to that of olivine. Many basalts of similar silica content from this region 
of the Cascades are dominated by olivine with clinopyroxene relegated to a 
microphenocryst and / or matrix constituent. Several whole rock K-Ar ages have 
been determined on lava samples from this formation. The radiometric ages range 
from 6.14 ± 0.15 to 4.35 ± 0.04 Ma old. 

 
Tmvhf  Heppsie Formation (Lower Miocene) The Heppsie Formation constitutes 

the youngest portion of the Little Butte Volcanic Series. In this segment of the 
Formation’s outcrop area the older extrusive rocks are dominated by basalt, basaltic 
andesite, and andesite lava flows whereas in the younger, upper portion, poorly to 
moderately welded pyroclastic flow and air-fall tuffaceous material dominate. These 
latter extrusive materials are andesite to dacite in terms of their bulk composition. 
On the outcrop the lavas are greenish-brown in surface coloration often with several 
meters or more of soil developed in situ. In the more mafic lava flows of this 
formation the dominant ferromagnesian mineral, olivine, has been mostly to 
completely converted to iddingsite as a result of relatively low temperature 
oxidation and hydration. The most abundant mineral present in these lavas is the 
nonferromagnesian mineral plagioclase feldspar. It is often unaltered but in 
numerous locations it is cut by small cracks and veins filled by sericite mica and 
calcite plus a little quartz (?).  

 
Where the ash flow tuff member of the Heppsie Formation has been exposed by 
erosion and due to its inherent structural weakness, numerous landslides and slumps 
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have their beginnings at or near the contact between younger more massive basaltic 
lava flows and the older poorly welded ash flow tuffs. In the adjacent Robinson 
Butte quadrangle (see Figure 1) several good examples of arcuate headwall slump 
structures can be easily found in the canyon of the South Fork of the Little Butte 
Creek. As one road-building civil engineer said to me (S.A.M.) two summers ago 
while working on a bridge replacement project across the South Fork, “Nothing in 
this valley is actually stable. Everything is moving downhill pretty fast, particularly 
in the spring as the winter snows melt.” Also, numerous excellent examples of 
landslides / slump development can be found in the Klamath River canyon along the 
California – Oregon border beginning just below the John C. Boyle Powerhouse at 
what is known as the Caldera Rapid. In this region a very similar layering of 
geologic rock units occurs as in the South Fork of the Little Butte Creek: older 
siliceous poorly welded tuffaceous material is overlain by younger thick occurrences 
of mafic lava flows. It is likely that the same mechanism of slope failure is occurring 
in both areas, giving rise to landslides / slumps that set the stage for rapids to form in 
the streams that are flowing through the valleys. A half-dozen age dates for various 
Heppsie Formation samples, both whole rock K-Ar and 40Ar/39Ar ages, are 
available. However, none are from the minute exposures in the BMQ. The measured 
ages range from 21.73 ± 0.14 Ma to 19.93 ± 0.07 Ma old. 

 
Acknowledgments   I thank Isaac Weaver for his on-going help and support in bringing 

this geologic map to closure. His computer skills, particularly with regard to 
MapInfo and Adobe Illustrator, have been particularly valuable. I also thank Karen 
Mertzman for all her efforts in the x-ray lab, carefully preparing and analyzing 
countless samples on my behalf. Generous grants from the W. M. Keck Foundation 
supported fieldwork in the Brown Mountain quadrangle in 1991 and 1994. Support 
from the NSF and Franklin and Marshall College to facilitate the operation of the 
XRF laboratory in the Earth and Environment Department is greatly appreciated. 

 
References Cited 
 
Gradstein, F., Ogg, J., and Smith, A. ed. 2004. A Geologic Time Scale 2004. Cambridge: 

Cambridge University Press. 
 
Le Maitre, R. W. ed. 2002. Igneous Rocks: A Classification and Glossary of Terms. 2d ed. 

Cambridge: Cambridge University Press. 
 
Mertzman, S. A., K-Ar results from the southern Oregon-northern California Cascade 

Range, Oregon Geology, 62, 99-122, 2000. 
 
Priest, G. R., Volcanic and tectonic evolution of the Cascade volcanic are, central Oregon, 

J. Geophys. Res., 95, 19583-19599, 1990. 
 
U.S. Geological Survey. “Upper Klamath Basin Ground-water Study: Background.” 2006.  
 http://or.water.usgs.gov/projs_dir/or180/background.html. (14 Aug 2007). 
 
 

Preliminary Geologic Map of the Brown Mountain 7.5’ Quadrangle, Jackson and Klamath Counties, Oregon

Oregon Department of Geology and Mineral Industries Open-File Report O-07-09 9



 
Oregon Department of Geology and Mineral Industries Open-File Report O-07-09 10



Tephri-
phonolite

SiO   wt %2

35 40 45 50 55 60 65 70 75
0

2

4

6

8

10

12

14

16

2Na  O
    +

2K  O
wt %

50 52 6048
2

4

6

youngest

oldest

q = quartz normative
ol = olivine normative

Symbol Key

A

B

54 56 58

Tmaob - And. of Old Baldy East

Tpbmp - Basalt of Moon Prairie

Tpafl - Andesite of Fish Lake

Tpais - Andesite of Ichabod Spring

Tpbdp - Andesite of Daley Prairie

Tpbcb - Basalt of Cox Butte

Tpbao - Bas. And. of Old Baldy

Tpbbm - Basalt of Brush Mtn.

Qbrb - Basalt of Robinson Butte

Qbbb - Basalt of Burton Butte

Qabm - Andesite of Brown Mtn.

Figure 2. IUGS (International Union of Geological Sciences) classification system for volcanic rocks, which is
based on total alkali (Na  O + K  O) vs. silica (SiO  ) content, with the data from analyzed Brown Mountain
quadrangle samples (Table 1) superimposed (see Le Maitre, 2002).

2 2 2

Phonolite

Phono-
tephrite

Tephrite
(ol < 10%)

Basanite
(ol > 10%)

Foidite

Picro-
Basalt

Basaltic
Andesite

Andesite
Dacite

Rhyolite

Trachyte
(q < 20%)

Trachydacite
(q > 20%)Trachy-

andesite

Basaltic
trachy-
andesite

Trachy-
basalt

Basalt

Tmbpb - Bas. of Pole Bridge Creek

Tmbab - B. A. of Beaver Dam Creek

 
Oregon Department of Geology and Mineral Industries Open-File Report O-07-09 11



T
ab

le
 1

 (p
ag

e 
1)

. W
ho

le
 ro

ck
 c

he
m

ic
al

 d
at

a 
an

d 
Po

ta
ss

iu
m

-A
rg

on
 (K

-A
r)

 a
ge

s (
 a

in
di

ca
te

s a
n 

A
rg

on
-A

rg
on

 a
ge

) f
or

 th
e 

sa
m

pl
es

 fr
om

 th
e 

B
ro

w
n 

M
ou

nt
ai

n 
qu

ad
ra

ng
le

, J
ac

ks
on

 a
nd

 K
la

m
at

h 
C

ou
nt

ie
s, 

O
re

go
n.

   
 

Th
e 

m
aj

or
 e

le
m

en
t o

xi
de

s a
re

 p
re

se
nt

ed
 in

 w
ei

gh
t p

er
ce

nt
 a

nd
 th

e 
tra

ce
 e

le
m

en
ts

 a
re

 re
po

rte
d 

in
 p

ar
ts

 p
er

 m
ill

io
n 

(p
pm

). 
Th

e 
ch

em
ic

al
 d

at
a 

ar
e 

X
-r

ay
 fl

uo
re

sc
en

ce
 (X

R
F)

 a
na

ly
se

s a
nd

 w
er

e 
m

ea
su

re
d 

in
 th

e 
   

X
-r

ay
 la

bo
ra

to
ry

 o
f t

he
 D

ep
ar

tm
en

t o
f E

ar
th

 a
nd

 E
nv

iro
nm

en
t, 

Fr
an

kl
in

 a
nd

 M
ar

sh
al

l C
ol

le
ge

, L
an

ca
st

er
, P

en
ns

yl
va

ni
a.

 T
he

 U
TM

 c
oo

rd
in

at
e 

va
lu

es
 a

re
 a

cc
or

di
ng

 to
 th

e 
U

TM
 Z

on
e 

10
 (N

A
D

 2
7 

fo
r U

S)
 p

ro
je

ct
io

n.
   

 
 

In
 th

e 
Li

th
ol

og
y 

co
lu

m
n 

(L
ith

.),
 T

rB
 =

 T
ra

ch
yb

as
al

t (
Si

O
2 =

 4
5-

52
%

; N
a 2

O
+K

2O
 >

5.
0%

), 
B

 =
 B

as
al

t (
Si

O
2

= 
45

-5
2%

), 
B

A
 =

 B
as

al
tic

 A
nd

es
ite

 (S
iO

2
= 

52
-5

7%
), 

an
d 

A
 =

 A
nd

es
ite

 (S
iO

2
= 

57
-6

3%
). 

   
   

Se
e 

Fi
gu

re
 2

 a
nd

 L
e 

M
ai

tre
 (2

00
2)

 fo
r d

et
ai

ls
 re

ga
rd

in
g 

lit
ho

lo
gi

ca
l c

la
ss

ifi
ca

tio
n.

 P
le

as
e 

co
ns

ul
t t

he
 d

et
ai

le
d 

w
rit

e-
up

 o
r t

he
 g

eo
lo

gi
c 

m
ap

 fo
r t

he
 fu

ll 
un

it 
na

m
es

. P
le

as
e 

no
te

 th
at

 th
is

 ta
bl

e 
is

 3
 p

ag
es

 lo
ng

.  
M

ap
Sa

m
pl

e
K

-A
r A

ge
(a )

1/
4

1/
4

Se
c.

T.
R

.
U

TM
 E

U
TM

 N
U

ni
t

Li
th

.
Si

O
2

Ti
O

2
A

l 2O
3

Fe
2O

3
Fe

O
M

nO
M

gO
C

aO
N

a 2
O

K
2O

P 2
O

5
LO

I
To

ta
l

Fe
2O

3T
R

b
Sr

Y
Zr

V
N

i
C

r
N

b
G

a
C

u
Zn

C
o

B
a

La
C

e
U

Th
Sc

Pb
Yb

B
e

 n
o.

no
.

M
a

of
 1

/4
(S

.)
(E

.)
m

m
(%

)
(%

)
1

R
S

P
94

-1
31

6.
14

 +
/- 

0.
15

S
W

S
E

20
37

4
55

16
10

46
86

88
0

Tm
bp

b
Tr

B
49

.7
7

1.
07

15
.5

6
5.

41
3.

10
0.

14
7.

49
9.

70
3.

35
2.

39
0.

64
0.

74
99

.3
6

8.
86

22
.4

22
46

19
.2

14
0

21
0

11
5

23
1

2.
8

18
.4

10
1

78
33

19
25

41
.3

10
3.

7
4.

5
8.

2
36

7.
4

1.
8

1.
5

2
99

-5
4.

35
 +

/- 
0.

04
a

N
E

S
E

29
37

4
55

23
00

46
85

53
0

Tm
bp

b
B

49
.9

8
1.

17
15

.8
3

2.
68

5.
82

0.
15

7.
87

9.
59

3.
60

1.
31

0.
58

0.
87

99
.4

5
9.

15
20

.6
97

3
17

.2
14

9
23

3
77

23
6

10
.8

22
.4

88
83

31
72

5
34

63
2.

6
9.

7
20

4
--

--
3

99
-1

7
--

S
W

S
E

29
37

4
55

17
30

46
85

21
0

Tm
bp

b
B

49
.7

9
1.

09
15

.0
9

3.
06

5.
55

0.
14

9.
14

9.
31

3.
80

1.
16

0.
75

0.
56

99
.4

4
9.

23
8.

3
11

77
12

.4
13

6
23

1
14

2
36

9
16

.6
22

.6
75

10
6

38
45

9
35

63
1.

3
8.

3
20

5
--

--
4

00
-5

1
--

S
W

S
E

29
37

4
55

17
70

46
85

05
0

Tm
bp

b
B

49
.8

2
1.

13
15

.2
0

5.
76

3.
57

0.
14

8.
77

8.
51

3.
61

1.
18

0.
74

1.
08

99
.5

1
9.

73
12

.4
12

08
13

14
1

20
3

17
1

37
9

13
.0

21
.3

77
10

9
36

44
5

34
61

2.
2

4.
9

21
4

--
--

5
00

-3
8

--
S

W
S

E
20

37
4

55
17

40
46

86
62

0
Tm

bp
b

Tr
B

49
.8

7
1.

06
15

.2
1

5.
84

2.
68

0.
14

7.
46

9.
25

2.
99

2.
29

0.
63

2.
14

99
.5

6
8.

82
28

.0
21

63
24

.2
13

7
17

6
10

1
20

7
8.

8
17

.9
12

2
79

35
20

07
50

11
4

1.
6

9.
6

16
13

--
--

6
00

-3
9

--
N

W
N

E
29

37
4

55
17

10
46

86
42

0
Tm

bp
b

Tr
B

49
.8

7
1.

07
15

.3
7

7.
27

1.
62

0.
15

6.
90

9.
03

2.
98

2.
31

0.
62

2.
41

99
.6

0
9.

07
29

.9
19

84
23

.9
13

9
15

7
98

20
0

8.
6

17
.5

85
86

33
20

30
45

10
6

2.
3

9.
9

20
11

--
--

7
00

-3
5

--
N

W
S

E
20

37
4

55
17

70
46

87
11

0
Tm

bp
b

Tr
B

49
.9

5
1.

25
15

.3
6

7.
12

1.
76

0.
13

6.
83

7.
70

3.
47

2.
45

0.
74

2.
71

99
.4

7
9.

08
30

.3
14

87
17

.8
20

6
16

0
12

3
24

3
11

.7
20

.9
76

10
5

35
14

21
49

10
9

2.
6

11
.3

14
10

--
--

8
02

-4
6

--
N

W
S

E
20

37
4

55
17

10
46

87
30

0
Tm

bp
b

Tr
B

50
.0

8
1.

15
15

.1
6

5.
69

2.
72

0.
13

7.
62

7.
43

3.
43

2.
32

0.
71

3.
27

99
.7

1
8.

71
32

.3
11

75
14

.8
18

5
19

8
12

7
27

8
9.

8
21

.6
91

10
0

32
86

0
43

83
2.

4
9.

5
16

6
--

--
9

00
-4

0
--

N
W

N
E

29
37

4
55

15
90

46
86

33
0

Tm
bp

b
Tr

B
50

.2
5

1.
07

15
.5

8
7.

23
1.

68
0.

14
7.

03
9.

25
3.

36
2.

07
0.

57
1.

32
99

.5
5

9.
10

18
.6

22
18

22
.5

13
3

16
6

93
18

7
8.

4
17

.9
10

1
75

33
16

10
39

92
1.

8
6.

2
19

12
--

--
10

00
-3

6
--

S
W

S
E

20
37

4
55

17
60

46
86

95
0

Tm
bp

b
Tr

B
50

.5
0

1.
15

14
.9

8
5.

94
2.

85
0.

13
8.

23
8.

24
3.

70
2.

16
0.

67
0.

99
99

.5
4

9.
11

29
.7

15
02

15
.8

17
8

17
6

16
4

28
3

10
.7

19
.9

10
5

98
38

98
3

43
91

1.
9

9.
3

17
10

--
--

11
00

-3
7

--
S

W
S

E
20

37
4

55
18

00
46

86
82

0
Tm

bp
b

Tr
B

50
.8

5
1.

12
14

.6
7

5.
80

2.
91

0.
13

8.
93

8.
09

3.
65

2.
11

0.
65

0.
65

99
.5

6
9.

03
29

.1
14

83
16

17
5

16
7

21
8

33
9

10
.6

19
.7

95
97

39
10

45
38

86
2.

3
10

.0
15

9
--

--
12

91
-4

4
4.

60
 +

/- 
0.

34
S

E
N

W
4

38
4

55
28

00
46

82
68

0
Tm

ba
b

B
50

.7
0

0.
68

16
.1

0
2.

40
5.

90
0.

15
9.

11
10

.6
8

2.
49

0.
40

0.
15

0.
91

99
.6

7
8.

96
5.

3
56

6
16

.3
32

24
7

12
7

48
2

2.
6

18
.2

70
64

39
18

1
6

13
1.

5
4.

0
32

3.
6

1.
2

1.
3

13
91

-4
3

5.
82

 +
/- 

0.
17

S
E

N
W

4
38

4
55

28
20

46
82

57
0

Tm
ba

b
B

A
54

.0
1

1.
14

17
.1

0
5.

60
3.

68
0.

12
3.

50
7.

2 6
3.

85
1.

29
0.

50
1.

57
99

.6
2

9.
69

12
.1

81
1

37
.4

13
0

19
2

25
63

7.
7

21
.8

34
79

26
51

3
23

49
1.

6
3.

2
19

5.
7

2.
3

1.
7

14
91

-4
6

5.
08

 +
/- 

0.
13

S
E

N
E

32
37

4
55

21
40

46
84

40
0

Tm
ba

b
B

A
54

.2
0

1.
15

17
.7

5
3.

52
4.

50
0.

14
4.

38
7.

87
4.

10
1.

18
0.

50
0.

76
10

0.
05

8.
52

11
.1

92
0

33
.5

11
8

19
4

27
64

8.
0

22
.7

36
71

21
49

7
22

49
1.

7
4.

1
21

4.
9

2.
9

1.
8

15
H

P
94

-3
2

--
N

E
S

W
10

38
4

55
46

40
46

80
60

0
Tm

ba
b

B
50

.9
2

1.
06

17
.1

4
0.

78
7.

25
0.

16
7.

26
9.

33
3.

17
0.

65
0.

25
1.

03
99

.0
0

8.
84

8.
1

58
8

19
.9

83
17

1
73

30
7

4.
7

17
.8

75
62

29
30

8
10

.9
29

.6
1.

4
1.

9
22

.9
6.

8
--

--
16

H
P

94
-4

3
--

S
E

S
W

10
38

4
55

45
60

46
80

35
0

Tm
ba

b
B

50
.9

7
1.

05
17

.5
9

1.
30

7.
76

0.
15

6.
97

9.
45

3.
35

0.
56

0.
25

0.
83

10
0.

23
9.

92
7.

5
54

6
18

.9
75

22
8

10
9

20
4

4.
9

17
.8

11
80

33
24

8
7.

8
20

.1
1.

0
1.

3
28

.1
5.

1
1.

5
1.

2
17

H
P

94
-2

2
--

N
E

N
W

9
38

4
55

29
80

46
81

41
0

Tm
ba

b
B

51
.7

0
0.

82
17

.5
7

4.
37

4.
21

0.
15

7.
01

8.
76

3.
67

0.
64

0.
20

0.
50

99
.6

0
9.

05
7.

3
78

2
12

.7
47

19
9

17
1

32
3

3.
1

17
.4

76
76

35
30

7
9.

5
29

.2
1.

5
1.

6
31

.8
6.

1
--

--
18

00
-5

4
--

S
W

S
E

5
38

4
55

19
20

46
81

79
0

Tm
ba

b
B

51
.8

4
0.

85
17

.5
3

3.
63

5.
06

0.
14

7.
15

8.
42

3.
46

0.
67

0.
21

0.
62

99
.5

8
9.

25
8.

6
80

4
15

.8
61

19
1

14
6

27
6

2.
8

18
.6

85
80

38
31

7
12

23
<0

.5
<0

.5
25

4
--

--
19

91
-4

1
--

S
E

S
W

4
38

4
55

28
30

46
81

90
0

Tm
ba

b
B

51
.8

4
0.

86
16

.6
4

4.
14

4.
70

0.
14

7.
59

8.
75

3.
41

0.
68

0.
19

0.
58

99
.5

2
9.

36
9.

7
82

5
16

.1
31

21
8

12
8

29
8

2.
5

18
.2

55
71

37
33

6
8

18
1.

1
--

24
--

--
--

20
99

-2
2

--
N

W
N

W
33

37
4

55
26

50
46

84
80

0
Tm

ba
b

B
51

.8
7

0.
65

15
.9

8
1.

05
7.

12
0.

14
9.

66
9.

25
2.

89
0.

44
0.

13
0.

74
99

.9
2

8.
96

1.
8

67
6

12
.4

43
21

4
11

3
41

7
3.

7
18

.9
75

68
34

15
1

6
17

0.
9

3.
6

24
3

--
--

21
H

P
94

-2
1

--
S

W
N

E
9

38
4

55
32

40
46

81
07

0
Tm

ba
b

B
A

53
.7

0
1.

03
17

.5
5

3.
44

4.
21

0.
16

5.
07

8.
24

4.
00

1.
04

0.
44

0.
69

99
.5

7
8.

12
8.

3
10

71
18

.2
10

7
17

8
57

11
5

6.
3

18
.6

67
82

21
42

2
18

.1
43

.2
1.

1
2.

7
20

.9
6.

2
--

--
22

H
P

94
-7

D
--

N
W

S
E

9
38

4
55

35
50

46
80

76
0

Tm
ba

b
B

A
53

.7
6

1.
13

17
.2

9
3.

92
4.

21
0.

15
5.

36
8.

22
3.

76
1.

0 2
0.

45
0.

49
99

.7
6

8.
60

8.
9

10
10

21
12

1
18

5
58

91
6.

5
19

.6
60

79
41

37
3

16
.9

44
0.

8
0.

9
21

.5
4.

7
--

--
23

02
-4

7
--

N
E

N
E

20
37

4
55

20
30

46
87

94
0

Tm
ba

b
B

A
53

.7
8

1.
10

17
.4

6
4.

14
3.

82
0.

15
4.

32
7.

64
3.

93
1.

16
0.

49
1.

25
99

.2
4

8.
39

10
.8

87
2

22
.9

13
7

18
3

36
64

9.
0

20
.4

81
75

25
50

6
22

44
<0

.5
1.

7
23

5
--

--
24

H
P

94
-9

--
S

E
N

E
9

38
4

55
37

40
46

80
95

0
Tm

ba
b

B
A

54
.1

7
1.

14
17

.4
6

3.
38

4.
71

0.
16

5.
36

8.
27

3.
96

1.
03

0.
46

0.
67

10
0.

77
8.

61
12

.1
83

7
29

.8
15

1
14

2
30

46
8.

7
21

.4
35

68
18

49
8

20
.2

51
.2

0.
7

1.
6

17
.6

7.
4

--
--

25
H

P
94

-4
1

--
S

W
S

W
10

38
4

55
41

50
46

80
08

0
Tm

ba
b

B
A

54
.2

6
1.

13
17

.9
1

2.
99

4.
71

0.
16

3.
85

7.
63

4.
16

1.
21

0.
56

0.
66

99
.2

3
8.

22
9.

1
80

9
25

14
8

21
5

38
45

8.
7

20
.8

58
81

23
51

4
22

.8
49

.5
1.

2
1.

7
20

.1
12

.2
--

--
26

99
-2

3
--

N
W

N
E

5
38

4
55

15
80

46
83

13
0

Tm
ba

b
B

A
54

.2
8

1.
15

17
.6

8
3.

87
4.

18
0.

13
3.

71
7.

54
4.

10
1.

26
0.

50
1.

54
99

.9
4

8.
52

9.
1

79
2

26
.5

13
6

19
5

27
45

8.
9

22
.7

70
79

23
43

9
20

38
1.

0
4.

0
20

6
--

--
27

99
-4

--
S

E
N

E
29

37
4

55
20

40
46

85
85

0
Tm

ba
b

B
A

54
.2

9
1.

12
17

.5
7

2.
83

4.
94

0.
14

4.
54

7.
76

4.
05

1.
16

0.
50

1.
19

10
0.

09
8.

32
7.

1
87

3
22

.6
12

4
19

0
35

63
9.

0
22

.6
10

2
70

23
47

2
21

39
1.

1
5.

4
20

6
--

--
28

H
P

94
-4

8
--

N
W

S
E

16
38

4
55

31
90

46
79

03
0

Tm
ba

b
B

A
54

.3
8

1.
12

17
.4

6
3.

12
4.

71
0.

15
4.

27
7.

58
4.

12
1.

26
0.

57
0.

66
99

.4
0

8.
35

12
.2

84
3

23
.3

15
2

14
2

31
53

8.
3

21
.2

39
76

17
51

2
20

.4
49

.2
1.

5
1.

1
19

.2
6.

9
--

--
29

H
P

94
-5

2
--

S
W

N
W

9
38

4
55

24
40

46
81

00
0

Tm
ba

b
B

A
54

.4
5

1.
10

17
.5

7
2.

98
4.

70
0.

15
3.

94
7.

52
4.

13
1.

25
0.

55
0.

89
99

.2
3

8.
20

11
.4

82
2

28
.2

14
8

15
2

26
66

8.
5

20
.4

69
72

18
54

6
22

.8
48

.4
0.

3
1.

8
18

.5
8

--
--

30
00

-5
9

--
S

W
S

E
33

37
4

55
31

90
46

83
43

0
Tm

ba
b

B
A

54
.5

3
1.

15
17

.7
8

3.
10

4.
80

0.
15

3.
93

7.
65

4.
03

1.
26

0.
50

0.
74

99
.6

2
8.

43
11

.6
81

2
24

.1
14

9
18

4
32

59
7.

1
20

.8
77

82
21

47
8

22
43

0.
6

<0
.5

22
7

--
--

31
94

-1
9

--
N

W
N

W
15

38
4

55
42

30
46

79
89

0
Tm

ba
b

B
A

54
.6

2
1.

12
17

.7
3

2.
92

5.
02

0.
14

4.
22

7.
74

4.
1 8

1.
27

0.
54

0.
53

10
0.

03
8.

50
12

.2
83

1
25

13
0

18
9

26
54

6.
9

19
.9

56
83

18
52

1
--

51
<.

5
<.

5
22

--
2.

6
1.

8
32

00
-4

5
--

S
W

S
W

21
37

4
55

26
60

46
86

59
0

Tm
ba

b
B

A
54

.6
7

0.
94

18
.3

5
3.

14
4.

56
0.

12
3.

76
7.

45
3.

75
1.

02
0.

21
1.

70
99

.6
7

8.
21

14
.9

63
1

35
10

4
17

2
30

60
5.

3
19

.2
69

74
26

43
4

16
29

<0
.5

0.
8

23
5

--
--

33
99

-6
--

N
E

S
E

29
37

4
55

21
40

46
85

41
0

Tm
ba

b
B

A
54

.7
1

1.
00

18
.3

6
2.

77
5.

25
0.

14
4.

05
7.

19
4.

17
0.

92
0.

24
1.

42
10

0.
22

8.
60

10
.5

64
8

20
.9

83
20

4
38

30
5.

1
22

.1
87

78
25

37
3

11
23

1.
4

6.
0

21
4

--
--

34
00

-5
6

--
S

E
N

E
4

38
4

55
36

60
46

82
82

0
Tm

ba
b

B
A

54
.7

2
1.

13
17

.5
7

2.
91

5.
07

0.
14

4.
03

7.
58

4.
04

1.
25

0.
49

0.
69

99
.6

2
8.

54
11

.0
85

1
22

.7
14

4
17

6
38

65
7.

8
20

.7
78

81
23

49
7

20
42

<0
.5

3.
3

20
7

--
--

35
99

-1
1

--
S

E
S

W
33

37
4

55
31

10
46

83
62

0
Tm

ba
b

B
A

54
.7

5
1.

14
17

.6
1

2.
72

5.
32

0.
14

4.
31

7.
73

4.
16

1.
23

0.
49

0.
61

10
0.

21
8.

63
8.

7
80

1
22

.1
13

2
18

5
28

53
9.

1
22

.9
43

73
22

48
1

20
41

1.
6

4.
7

18
6

--
--

36
H

P
94

-1
9

--
S

E
S

E
9

38
4

55
39

90
46

80
26

0
Tm

ba
b

B
A

54
.7

7
1.

12
17

.6
7

2.
91

4.
71

0.
15

3.
96

7.
66

4.
21

1.
29

0.
54

0.
62

99
.6

1
8.

14
11

.7
82

9
24

14
8

13
1

28
58

8.
1

20
.7

23
68

18
52

1
19

.3
42

.2
0.

6
2.

6
18

.5
8.

4
--

--
37

H
P

94
-1

8C
--

N
W

N
W

15
38

4
55

42
30

46
79

89
0

Tm
ba

b
B

A
54

.8
1

1.
11

17
.6

5
3.

15
4.

54
0.

15
3.

90
7.

61
4.

23
1.

31
0.

56
0.

89
99

.9
1

8.
20

11
.9

79
8

24
.2

14
5

17
3

35
49

8.
6

19
.5

10
1

80
17

48
2

18
.8

43
.5

1.
2

1.
8

19
.1

6.
2

--
--

38
99

-1
3

--
N

W
N

W
3

38
4

55
43

40
46

83
23

0
Tm

ba
b

B
A

54
.9

6
0.

96
17

.6
8

3.
38

4.
32

0.
13

4.
63

7.
99

4.
11

0.
97

0.
29

0.
65

10
0.

07
8.

18
10

.3
77

6
18

.8
94

21
0

36
76

6.
7

22
.5

87
76

24
42

1
14

30
1.

1
5.

3
21

8
--

--
39

00
-6

1
--

S
W

S
E

32
37

4
55

17
00

46
83

59
0

Tm
ba

b
B

A
55

.8
1

0.
93

19
.1

1
3.

04
4.

06
0.

11
2.

62
7.

44
4.

25
1.

20
0.

22
0.

89
99

.6
8

7.
55

19
.1

74
8

21
.2

10
2

18
6

22
36

3.
8

20
.6

96
72

18
47

0
12

23
0.

5
1.

5
19

7
--

--
40

00
-6

0
--

N
E

S
W

33
37

4
55

28
10

46
83

86
0

Tm
ba

b
B

A
55

.9
1

0.
92

19
.0

7
3.

23
3.

81
0.

11
2.

70
7.

53
4.

26
1.

22
0.

23
0.

63
99

.6
2

7.
46

19
.6

74
6

20
.6

10
3

19
4

23
40

3.
8

21
.0

91
75

19
48

1
9

24
0.

9
0.

7
21

7
--

--
41

00
-3

1
--

N
W

S
E

4
38

4
55

33
90

46
82

25
0

Tm
ba

b
B

A
56

.3
7

0.
99

17
.2

9
3.

28
4.

15
0.

14
3.

93
6.

86
4.

16
1.

40
0.

31
0.

92
99

.8
0

7.
89

18
.0

81
9

27
.7

12
7

13
8

46
62

6.
6

20
.2

47
68

24
66

4
18

40
0.

6
1.

3
19

5
--

--
42

00
-5

7
--

S
W

N
W

3
38

4
55

40
60

46
82

71
0

Tm
ba

b
B

A
56

.7
0

0.
99

17
.4

0
2.

65
4.

54
0.

14
3.

81
6.

72
4.

16
1.

43
0.

32
0.

68
99

.5
4

7.
70

20
.7

78
5

28
.8

14
1

16
4

48
92

5.
9

20
.6

84
78

22
62

4
5

12
<0

.5
1.

2
19

7
--

--
43

00
-5

5
--

N
W

N
W

4
38

4
55

27
10

46
82

95
0

Tm
ba

b
B

A
56

.9
0

0.
97

17
.2

1
3.

23
4.

03
0.

13
3.

84
6.

77
4.

16
1.

41
0.

32
0.

55
99

.5
2

7.
71

21
.7

79
2

24
.2

13
5

16
1

46
80

5.
5

20
.5

77
80

22
60

2
18

34
1.

6
0.

5
22

7
--

--
44

91
-8

4
5.

77
 +

/- 
0.

09
S

E
N

E
19

38
5

56
06

40
46

77
92

0
Tm

ao
b

A
57

.4
1

0.
78

17
.5

0
4.

27
2.

49
0.

08
3.

08
6.

46
4.

13
1.

25
0.

25
1.

82
99

.5
2

7.
04

9.
7

10
14

23
.3

72
14

4
25

30
3.

7
22

.9
0

53
22

40
4

14
28

0.
3

4.
1

15
4.

6
1.

6
1.

6
4 5

B
S

94
-1

02
--

S
W

N
W

20
38

5
56

06
80

46
77

92
0

Tm
ao

b
B

A
56

.4
7

0.
79

18
.9

8
3.

02
4.

02
0.

12
3.

75
7.

24
4.

07
1.

06
0.

17
0.

53
10

0.
22

7.
49

7.
4

10
03

16
.2

64
14

9
23

14
3.

9
20

.3
36

67
18

29
7

9.
5

22
.5

0.
5

--
15

.4
4.

9
1.

4
0.

9
46

94
-8

--
S

W
N

W
20

38
5

56
09

60
46

77
72

0
Tm

ao
b

B
A

56
.9

1
0.

74
18

.7
2

3.
33

3.
62

0.
13

3.
21

6.
84

3.
88

0.
98

0.
22

0.
97

99
.5

5
7.

35
5.

4
11

18
13

.8
75

13
2

12
16

2.
7

20
.4

78
63

18
34

8
9

20
1.

4
0.

9
13

3
--

--
47

94
-3

5
--

S
E

S
W

17
38

5
56

14
20

46
78

60
0

Tm
ao

b
A

57
.1

0
0.

77
19

.0
0

2.
70

4.
08

0.
13

3.
47

7.
11

4.
14

1.
06

0.
21

0.
91

10
0.

68
7.

23
6

10
96

19
.1

48
15

3
15

12
2.

0
20

.4
54

65
11

34
2

--
22

0.
6

<.
5

15
--

2.
2

1.
1

48
B

S
94

-3
1

--
S

W
N

W
20

38
5

56
09

90
46

77
80

0
Tm

ao
b

A
57

.3
9

0.
72

19
.3

3
3.

08
3.

69
0.

11
2.

96
6.

88
4.

18
1.

09
0.

21
0.

72
10

0.
36

7.
18

6.
7

10
82

13
.4

72
10

8
11

11
3.

8
20

.7
92

67
15

29
7

9.
4

22
.7

0.
8

1.
1

12
.2

4.
9

0.
9

1.
7

49
B

S
94

-9
7

--
N

W
N

E
20

38
5

56
14

70
46

78
23

0
Tm

ao
b

A
57

.8
5

0.
72

19
.5

0
2.

64
4.

06
0.

12
2.

92
6.

63
4.

18
1.

07
0.

21
0.

9 3
10

0.
83

7.
15

6.
7

10
60

14
.2

73
12

2
9

17
3.

6
20

.4
92

68
17

29
4

9.
8

24
.6

0.
1

--
14

.6
5.

4
1.

4
0.

9
50

B
S

94
-1

03
--

S
W

N
E

19
38

5
55

99
30

46
77

95
0

Tm
ao

b
A

58
.0

0
0.

73
19

.0
8

3.
44

3.
18

0.
12

3.
04

7.
80

4.
28

1.
16

0.
20

0.
77

10
1.

80
6.

97
3

53
4

23
.3

60
22

5
87

15
3.

8
15

.2
69

66
32

14
8

6.
7

21
.1

--
0.

1
38

.8
5

1.
4

1
51

99
-1

4
4.

51
 +

/- 
0.

01
a

N
E

N
E

17
38

4
55

19
60

46
80

02
0

Tp
bm

p
B

51
.3

8
1.

14
16

.6
6

2.
70

5.
59

0.
15

7.
70

8.
96

3.
48

1.
10

0.
46

0.
57

99
.8

9
8.

92
7.

4
97

6
17

.9
11

4
21

9
10

1
23

6
7.

9
21

.4
71

77
31

69
1

22
44

1.
6

6.
0

22
6

--
--

52
99

-2
5

--
N

W
N

E
20

38
4

55
17

40
46

78
10

0
Tp

bm
p

B
51

.2
5

1.
12

16
.7

7
1.

76
6.

56
0.

14
7.

19
9.

12
3.

47
1.

11
0.

46
0.

83
99

.7
8

9.
05

8.
0

95
9

17
.8

11
8

21
6

86
22

0
7.

9
21

.6
72

76
30

65
7

18
45

2.
6

6.
2

22
6

--
--

53
04

-3
--

N
E

N
W

11
37

4
55

62
90

46
91

07
0

Tp
af

l
A

58
.2

0
0.

83
17

.3
4

3.
28

3.
13

0.
11

4.
00

6.
53

3.
94

1.
33

0.
24

0.
69

99
.6

2
6.

76
20

.6
84

4
17

.6
12

0
12

6
50

63
4.

1
19

.7
25

3
61

19
50

2
--

--
<0

.5
3.

3
14

5
--

--
54

H
C

91
-5

7
--

N
E

N
W

11
37

4
55

60
70

46
91

18
0

Tp
af

l
A

58
.2

0
0.

85
17

.3
7

3.
99

2.
67

0.
11

3.
48

5.
98

4.
06

1.
41

0.
23

2.
10

10
0.

45
6.

96
22

82
7

30
11

5
14

5
44

82
--

--
--

--
23

48
5

24
35

--
--

17
--

--
--

55
H

C
91

-6
0

--
N

W
N

E
11

37
4

55
64

10
46

91
30

0
Tp

af
l

A
58

.3
2

0.
83

17
.1

7
3.

76
2.

78
0.

11
3.

93
6.

48
4.

08
1.

38
0.

22
0.

91
99

.9
7

6.
85

18
84

8
18

11
1

13
8

55
80

--
--

--
--

21
46

9
16

28
--

--
17

--
--

--
56

91
-6

9
3.

42
 +

/- 
0.

06
S

E
N

E
16

37
4

55
35

80
46

89
27

0
Tp

ai
s

B
A

56
.7

7
1.

01
17

.1
5

3.
30

4.
10

0.
12

4.
02

6.
96

4.
01

1.
49

0.
26

0.
58

99
.7

7
7.

86
24

.8
59

9
34

13
2

18
1

38
91

5.
3

21
.2

90
73

22
47

8
15

33
1.

7
4.

8
23

6.
1

1.
8

1.
5

(c
on

tin
ue

d 
on

 n
ex

t p
ag

e)

 

 

A
ll 

U
TM

 c
oo

rd
in

at
es

 h
av

e 
be

en
 ro

un
de

d 
to

 th
e 

ne
ar

es
t 1

0 
m

. T
he

 1
/4

 o
f 1

/4
, 1

/4
, S

ec
tio

n 
(S

ec
.),

 T
ow

ns
hi

p 
(T

.),
 a

nd
 R

an
ge

 (R
.) 

co
lu

m
ns

 a
re

 lo
ca

tio
n 

de
sc

rip
to

rs
 o

f t
he

 P
ub

lic
 L

an
d 

Su
rv

ey
 S

ys
te

m
 (P

LS
S)

. 

Oregon Department of Geology and Mineral Industries Open-File Report O-07-09 12



T
ab

le
 1

 (
pa

ge
 2

).
M

ap
S

am
p

le
K

-A
r 

A
g

e
1/

4
1/

4
S

ec
.

T
.

R
.

U
T

M
 E

U
T

M
 N

U
n

it
L

it
h

.
S

iO
2

T
iO

2
A

l 2
O

3
F

e 2
O

3
F

eO
M

n
O

M
g

O
C

aO
N

a 2
O

K
2O

P
2O

5
L

O
I

T
o

ta
l

F
e 2

O
3T

R
b

S
r

Y
Z

r
V

N
i

C
r

N
b

G
a

C
u

Z
n

C
o

B
a

L
a

C
e

U
T

h
S

c
P

b
Y

b
B

e
 n

o
.

n
o

.
M

a
o

f 
1/

4
(S

.)
(E

.)
m

m
(%

)
(%

)
57

91
-6

8
3.

38
 +

/-
 0

.0
6

S
E

N
E

24
37

4
55

85
50

46
87

57
0

T
pa

is
A

58
.0

7
0.

84
17

.5
4

3.
02

3.
82

0.
12

3.
40

6.
56

4.
67

1.
32

0.
18

0.
86

10
0.

40
7.

27
23

.6
64

0
26

.6
98

15
8

17
48

4.
2

21
.6

57
69

23
45

5
16

31
2.

4
3.

4
17

7.
2

1.
9

1.
7

58
91

-6
7

--
N

E
S

E
23

37
4

55
69

10
46

87
00

0
T

pa
is

B
A

54
.6

4
0.

96
18

.3
8

3.
25

4.
57

0.
14

3.
95

7.
32

4.
24

0.
95

0.
23

0.
73

99
.3

6
8.

33
13

.4
66

8
32

.6
92

15
0

33
53

4.
9

20
.3

31
71

21
38

6
13

25
1.

8
2.

9
20

6
--

--

59
99

-7
--

S
W

S
E

21
37

4
55

32
30

46
86

75
0

T
pa

is
B

A
54

.7
4

0.
99

18
.1

3
2.

33
5.

59
0.

15
3.

97
7.

26
4.

22
0.

96
0.

24
1.

09
99

.6
7

8.
54

11
.8

64
7

22
.9

82
19

5
35

29
4.

7
22

.2
53

74
24

41
7

12
29

1.
1

4.
6

19
.4

6
--

--

60
99

-1
9

--
S

W
N

W
21

37
4

55
24

70
46

87
64

0
T

pa
is

B
A

54
.8

0
1.

01
18

.1
0

2.
98

5.
20

0.
15

4.
21

7.
24

4.
17

0.
95

0.
24

1.
00

10
0.

05
8.

76
12

.1
64

4
26

.2
84

20
1

39
39

4.
9

22
.0

11
2

73
23

37
4

15
22

1.
6

4.
7

19
4

--
--

61
00

-1
1

--
N

E
N

E
22

37
4

55
54

30
46

87
73

0
T

pa
is

B
A

55
.0

1
1.

02
17

.8
8

5.
20

3.
26

0.
14

3.
96

7.
07

4.
22

1.
07

0.
26

1.
04

10
0.

13
8.

82
13

.8
64

3
29

.4
92

19
9

45
24

6.
1

18
.0

97
79

26
42

0
13

26
0.

7
1.

0
22

4
--

--

62
00

-1
3

--
S

W
S

E
23

37
4

55
64

90
46

86
60

0
T

pa
is

B
A

55
.0

4
1.

03
18

.0
4

4.
15

4.
31

0.
14

3.
97

7.
20

4.
21

1.
01

0.
24

1.
15

10
0.

49
8.

94
12

.3
66

9
40

91
18

6
44

19
5.

7
19

.0
12

4
74

25
41

2
5.

7
18

.9
<0

.5
1.

0
22

--
--

--

63
99

-2
0

--
S

W
N

W
22

37
4

55
41

90
46

87
56

0
T

pa
is

B
A

55
.0

8
0.

98
18

.5
2

2.
95

4.
71

0.
14

3.
82

7.
22

4.
25

0.
97

0.
23

1.
14

10
0.

01
8.

18
12

.7
65

0
27

.4
85

18
6

30
48

4.
5

22
.2

63
70

22
39

3
18

25
1.

1
4.

7
19

5
--

--

64
91

-7
2

--
S

E
N

E
23

37
4

55
68

20
46

87
59

0
T

pa
is

B
A

55
.1

9
1.

02
17

.6
8

3.
72

4.
47

0.
14

4.
20

7.
27

4.
14

1.
01

0.
23

0.
57

99
.6

4
8.

69
17

.4
64

1
27

.4
80

19
4

31
74

3.
2

19
.6

55
7

6
24

40
1

12
26

0.
7

0.
6

20
--

--

65
91

-6
4

--
N

E
N

W
28

37
4

55
31

10
46

86
27

0
T

pa
is

B
A

55
.2

3
1.

00
17

.8
4

3.
43

4.
62

0.
13

4.
17

7.
72

3.
78

1.
07

0.
21

0.
80

10
0.

00
8.

56
19

.1
62

8
33

.4
80

19
8

21
64

4.
0

19
.1

67
76

24
40

9
14

28
--

1.
7

22
--

--
--

66
84

-1
7

--
S

W
S

W
14

37
4

55
58

00
46

88
46

0
T

pa
is

B
A

55
.6

6
1.

00
17

.7
6

3.
86

4.
21

0.
15

4.
11

7.
03

3.
97

1.
02

0.
26

0.
61

99
.6

4
8.

54
16

.3
63

2
20

91
18

6
35

28
4.

3
18

.7
47

74
24

42
0

9
21

1.
2

1.
2

22
4

--
--

67
91

-7
0

--
S

E
N

E
16

37
4

55
38

80
46

89
22

0
T

pa
is

B
A

56
.0

2
0.

93
17

.4
3

4.
45

3.
00

0.
13

4.
09

7.
05

4.
12

1.
44

0.
25

0.
61

99
.5

2
7.

78
22

.8
58

5
25

.5
14

0
16

2
46

12
1

6.
8

19
.1

82
70

21
44

3
11

31
2.

4
4.

3
20

6
--

--

68
00

-2
4

--
N

E
N

W
32

37
5

56
09

70
46

84
85

0
T

pa
is

B
A

56
.0

3
0.

75
17

.0
4

2.
69

4.
06

0.
12

6.
32

7.
42

3.
61

1.
03

0.
24

0.
76

10
0.

07
7.

20
9.

8
90

3
20

.9
11

8
13

1
16

0
28

1
6.

0
18

.6
63

66
28

47
4

17
36

1.
4

1.
2

18
4

--
--

69
91

-7
4

--
S

W
S

W
19

37
5

55
90

90
46

86
79

0
T

pa
is

B
A

56
.3

1
0.

79
18

.7
4

2.
28

4.
51

0.
13

3.
53

6.
87

4.
18

1.
16

0.
18

0.
85

99
.5

3
7.

29
21

.2
65

4
25

.2
10

4
14

9
35

76
5.

1
20

.1
21

9
12

9
18

42
1

9
29

1.
5

3.
4

19
9

--
--

70
99

-3
--

S
W

S
W

16
37

4
55

25
80

46
88

30
0

T
pa

is
B

A
56

.4
8

1.
00

17
.1

0
3.

12
4.

42
0.

13
4.

15
6.

45
4.

00
1.

50
0.

26
1.

74
10

0.
35

8.
03

22
.9

55
1

24
.2

14
0

16
0

41
75

6.
3

21
.9

11
0

72
23

50
0

15
33

2.
4

5.
1

18
10

--
--

71
00

-3
4

--
S

E
S

E
16

37
4

55
36

90
46

88
50

0
T

pa
is

B
A

56
.5

5
1.

01
17

.0
6

2.
85

4.
76

0.
13

4.
14

6.
89

4.
00

1.
53

0.
26

0.
87

10
0.

05
8.

14
26

.0
60

5
32

.4
14

5
16

9
47

71
6.

6
18

.8
83

74
24

56
3

18
37

<0
.5

1.
6

22
--

--
--

72
91

-6
2

--
N

W
N

E
21

37
4

55
32

20
46

88
09

0
T

pa
is

B
A

56
.6

7
1.

03
16

.6
7

3.
70

3.
77

0.
12

4.
40

7.
04

3.
98

1.
51

0.
20

0.
59

99
.6

8
7.

89
25

.4
59

6
29

.2
13

7
18

5
37

83
4.

3
18

.8
95

78
25

48
2

15
37

1.
2

2.
6

21
--

--
--

73
H

C
91

-5
3

--
N

E
N

W
10

37
4

55
46

20
46

89
64

0
T

pa
is

B
A

56
.8

3
1.

03
17

.0
6

4.
15

3.
50

0.
13

3.
81

6.
81

3.
85

1.
57

0.
26

1.
04

10
0.

04
8.

04
21

49
5

39
13

8
18

2
29

72
--

--
--

--
27

51
8

24
37

--
--

21
--

--
--

74
91

-7
1

--
S

E
N

E
16

37
4

55
38

80
46

89
22

0
T

pa
is

B
A

56
.8

7
1.

03
17

.1
8

4.
60

3.
36

0.
12

3.
88

6.
70

3.
88

1.
54

0.
24

1.
18

10
0.

58
8.

33
25

60
2

27
14

5
18

2
50

80
--

--
--

--
27

48
8

17
34

--
--

21
--

2.
1

1.
7

75
00

-3
0

--
N

E
S

W
36

37
4

55
79

50
46

83
98

0
T

pa
is

A
57

.3
0

0.
87

17
.4

8
3.

51
3.

05
0.

11
3.

75
6.

80
4.

01
1.

42
0.

25
1.

09
99

.6
4

6.
90

19
.5

12
16

24
.7

13
0

14
4

53
63

6.
4

19
.2

59
68

23
57

3
20

45
1.

0
2.

5
16

5
--

--

76
00

-1
0

--
S

E
N

E
15

37
4

55
52

00
46

89
05

0
T

pa
is

A
58

.0
8

0.
85

17
.1

9
3.

53
3.

09
0.

11
3.

49
6.

09
4.

27
1.

61
0.

20
1.

75
10

0.
26

6.
96

26
.9

67
6

23
.6

12
7

14
4

45
46

6.
3

20
.0

68
77

21
53

6
17

31
1.

2
3.

1
18

10
--

--

77
91

-8
1

--
S

E
S

E
35

37
4

55
70

50
46

83
69

0
T

pa
is

A
58

.5
6

0.
89

16
.9

7
3.

58
2.

98
0.

11
3.

49
6.

61
3.

86
1.

47
0.

24
1.

23
99

.9
9

6.
89

21
.4

11
52

29
.1

11
1

14
7

36
74

4.
2

19
.8

91
70

20
50

4
30

50
1.

6
2.

1
16

--
--

78
00

-1
4

--
N

E
N

W
25

37
4

55
76

20
46

86
18

0
T

pa
is

A
58

.9
4

0.
72

17
.9

0
3.

69
2.

53
0.

10
3.

14
6.

04
4.

10
1.

20
0.

20
1.

70
10

0.
26

6.
50

11
.5

80
9

16
.3

10
1

12
7

32
31

5.
6

21
.3

31
59

18
38

8
13

26
<0

.5
1.

1
16

6
--

--

79
00

-8
--

N
E

N
E

30
37

5
56

01
50

46
86

49
0

T
pa

is
A

58
.9

4
0.

71
17

.9
4

5.
11

1.
25

0.
10

3.
36

6.
45

4.
16

1.
19

0.
19

0.
88

10
0.

28
6.

50
11

.5
81

6
21

.2
10

0
13

6
34

29
6.

0
21

.6
30

61
19

43
0

15
30

0.
6

2.
4

15
6

--
--

80
84

-1
8

--
N

E
N

W
26

37
4

55
63

30
46

86
49

0
T

pa
is

A
59

.1
6

0.
69

17
.9

5
2.

94
2.

68
0.

10
3.

49
6.

14
3.

82
1.

12
0.

20
1.

24
99

.5
3

5.
92

13
.0

84
0

14
.1

10
0

13
3

30
33

4.
1

19
.2

22
55

14
40

3
11

25
2.

7
0.

6
14

2
--

--

81
00

-9
--

N
E

N
E

25
37

4
55

84
00

46
86

35
0

T
pa

is
A

59
.3

9
0.

71
17

.9
4

3.
32

2.
62

0.
10

3.
34

6.
51

4.
18

1.
22

0.
20

0.
81

10
0.

34
6.

23
12

.8
85

5
16

.7
10

1
13

0
36

32
5.

4
21

.5
32

62
17

41
1

10
21

0.
6

1.
5

16
5

--
--

82
91

-8
8

--
S

W
S

W
32

37
5

56
08

90
46

83
45

0
T

pa
is

A
59

.3
9

0.
72

17
.9

7
2.

76
3.

14
0.

10
3.

34
6.

54
3.

92
1.

11
0.

18
0.

97
10

0.
14

6.
25

12
.4

82
0

18
.7

82
15

0
23

49
3.

3
20

.0
40

62
17

38
8

13
26

0.
5

0.
8

16
--

--
--

83
91

-6
6

--
N

E
S

E
26

37
4

55
68

50
46

85
67

0
T

pa
is

A
59

.4
2

0.
72

17
.8

7
3.

30
2.

77
0.

10
3.

29
6.

11
3.

89
1.

23
0.

18
1.

21
10

0.
09

6.
38

14
.5

79
7

26
.4

88
14

3
24

50
3.

2
19

.6
37

63
18

45
2

16
28

--
0.

6
15

--
--

--

84
00

-7
--

S
E

S
W

29
37

5
56

10
40

46
85

23
0

T
pa

is
A

59
.8

9
0.

59
18

.2
8

2.
36

3.
15

0.
09

2.
88

6.
14

4.
12

1.
06

0.
15

1.
40

10
0.

11
5.

86
8.

8
78

0
16

.9
81

11
0

18
16

4.
5

22
.0

53
53

15
35

3
12

22
0.

5
1.

1
12

3
--

--

85
91

-3
9

2.
92

 +
/-

 0
.0

7
N

E
N

E
6

38
5

56
04

40
46

83
26

0
T

pb
dp

B
50

.0
1

0.
99

16
.0

7
2.

64
6.

07
0.

15
9.

38
9.

88
2.

95
0.

58
0.

31
0.

39
99

.4
2

9.
39

5.
1

73
7

23
.8

80
19

8
15

1
35

6
3.

4
18

.5
48

69
42

27
7

15
33

1.
8

2.
1

30
3.

8
1.

9
1.

4

86
91

-7
61 

2.
77

 +
/-

 0
.0

5
S

E
S

E
30

37
5

56
04

90
46

85
33

0
T

pb
dp

B
50

.0
4

0.
95

14
.9

7
3.

63
5.

01
0.

15
10

.6
3

9.
82

2.
67

0.
77

0.
33

0.
72

99
.6

9
9.

20
8.

3
98

1
21

.1
74

20
1

18
4

52
9

4.
4

18
.2

59
70

42
36

9
16

34
0.

8
3.

5
29

5.
4

1.
7

1.
3

87
94

-2
1A

2.
96

 +
/-

 0
.1

1
N

W
N

E
10

38
4

55
48

40
46

81
64

0
T

pb
dp

B
50

.0
9

0.
88

16
.7

0
4.

08
4.

97
0.

15
8.

21
10

.0
2

3.
23

0.
71

0.
33

1.
18

10
0.

55
9.

60
8.

5
87

5
18

.3
64

23
3

76
34

1
6.

9
21

.4
78

80
27

30
5

17
40

1.
7

6.
0

28
3.

5
2.

0
1.

4

88
94

-2
0

3.
16

 +
/-

 0
.1

2
N

W
S

W
11

38
4

55
56

70
46

80
73

0
T

pb
dp

B
51

.8
6

1.
04

16
.7

6
5.

30
3.

08
0.

13
6.

85
9.

16
3.

92
1.

11
0.

44
0.

49
10

0.
14

8.
72

11
.9

12
83

17
10

4
22

5
54

19
2

8.
3

23
.6

80
94

23
47

6
25

.6
50

.3
1.

8
6.

5
19

4.
1

1.
7

1.
7

89
99

-1
6

3.
19

 +
/-

 0
.0

1
S

W
S

W
3

38
4

55
43

40
46

81
85

0
T

pb
dp

B
A

52
.4

5
0.

96
17

.1
4

3.
47

4.
36

0.
13

6.
50

9.
01

3.
79

0.
89

0.
32

0.
51

99
.5

3
8.

32
7.

6
10

18
15

.6
96

20
5

40
16

7
6.

5
22

.3
89

67
23

34
8

18
32

2.
1

6.
4

20
4

--
--

90
94

-2
1B

--
N

W
N

E
10

38
4

55
48

40
46

81
64

0
T

pb
dp

B
48

.7
7

1.
07

18
.2

0
2.

91
6.

36
0.

15
7.

87
10

.5
6

2.
86

0.
21

0.
10

1.
84

10
0.

90
9.

98
2.

6
51

7
24

.9
52

21
6

93
20

4
1.

3
17

.0
79

66
31

12
4

--
12

0.
6

<.
5

40
--

2.
8

0.
9

91
00

-2
7

--
S

W
S

W
35

37
4

55
57

60
46

83
49

0
T

pb
dp

B
49

.6
0

1.
00

14
.9

6
4.

02
4.

69
0.

15
11

.1
0

8.
87

2.
80

1.
00

0.
38

1.
07

99
.6

4
9.

23
6.

2
99

7
27

.7
12

8
18

7
38

9
63

6
6.

1
16

.0
83

76
45

57
2

30
59

0.
7

2.
2

29
6

--
--

92
00

-1
5

--
N

E
N

E
35

37
4

55
71

10
46

84
62

0
T

pb
dp

B
49

.9
6

1.
02

16
.8

1
4.

18
4.

41
0.

15
7.

66
10

.5
0

2.
78

0.
82

0.
35

1.
36

10
0.

00
9.

08
4.

3
11

19
20

.2
97

20
2

10
1

29
4

6.
9

17
.3

54
69

35
48

3
18

39
<0

.5
0.

6
31

6
--

--

93
91

-4
0

--
N

E
N

E
1

38
4

55
72

30
46

83
25

0
T

pb
dp

B
50

.0
4

1.
00

17
.3

2
5.

07
3.

89
0.

15
8.

01
9.

82
2.

93
0.

60
0.

29
1.

34
10

0.
46

9.
39

6.
5

70
8

43
80

20
5

12
4

35
2

3.
5

17
.1

54
71

32
37

8
--

35
<.

5
1.

3
35

--
--

--

94
91

-8
0

--
S

E
S

E
35

37
4

55
70

80
46

83
64

0
T

pb
dp

B
50

.1
4

1.
06

15
.7

9
2.

98
5.

94
0.

15
9.

14
8.

95
3.

07
0.

86
0.

36
0.

86
99

.3
0

9.
58

8.
5

85
7

24
.1

10
0

21
1

22
6

52
5

3.
8

16
.5

72
72

41
40

8
17

39
0.

7
2.

8
9

--
--

--

95
91

-6
5

--
N

E
S

E
26

37
4

55
69

40
46

85
36

0
T

pb
dp

B
50

.4
2

1.
03

16
.2

6
2.

60
5.

62
0.

14
8.

06
10

.4
1

2.
77

0.
85

0.
37

0.
92

99
.4

5
8.

85
7.

8
10

93
24

.2
78

22
5

10
1

34
7

3.
4

17
.6

70
70

37
50

0
20

43
0.

5
0.

6
32

--
--

--

96
91

-7
7

--
S

E
N

W
30

37
5

55
93

50
46

85
99

0
T

pb
dp

B
50

.4
8

0.
95

15
.5

6
1.

95
6.

45
0.

15
9.

6
6

10
.1

6
2.

59
0.

69
0.

30
0.

60
99

.5
4

9.
12

6.
2

99
3

21
.3

70
21

3
16

2
49

4
3.

2
16

.1
10

6
69

42
37

0
18

38
--

2.
1

33
--

--
--

97
H

P
94

-1
Q

--
N

W
N

E
10

38
4

55
48

60
46

81
58

0
T

pb
dp

B
50

.6
9

0.
87

16
.5

8
3.

61
4.

85
0.

15
7.

84
10

.4
0

3.
51

0.
74

0.
36

0.
56

10
0.

16
9.

00
8.

8
87

9
13

.8
86

18
5

71
23

1
6.

4
19

.1
78

69
25

28
4

20
.1

47
.6

1.
3

6.
3

21
.9

6.
5

--
--

98
94

-1
1

--
S

E
N

E
1

38
4

55
86

90
46

82
63

0
T

pb
dp

B
50

.7
2

0.
97

16
.9

3
2.

07
6.

17
0.

16
8.

05
9.

82
2.

79
0.

60
0.

32
0.

99
99

.5
9

8.
93

5.
2

73
1

19
.7

94
21

2
12

5
31

8
3.

7
16

.3
70

70
35

29
9

12
28

<0
.5

1.
0

30
3

--
--

99
91

-7
8

--
N

W
S

E
31

37
5

56
00

10
46

83
91

0
T

pb
dp

B
50

.7
3

0.
99

15
.7

7
4.

44
4.

02
0.

15
8.

37
10

.2
2

2.
57

0.
73

0.
29

1.
18

99
.4

6
8.

91
7.

1
10

49
21

.3
71

20
7

12
6

39
4

3.
0

17
.5

56
71

39
39

4
20

40
1.

2
--

33
--

--
--

10
0

H
P

94
-2

9
--

S
E

N
E

10
38

4
55

52
50

46
81

01
0

T
pb

dp
B

50
.7

7
0.

87
16

.6
2

4.
29

4.
21

0.
15

7.
81

10
.2

6
3.

54
0.

78
0.

38
0.

56
10

0.
24

8.
97

8.
5

87
2

13
.7

89
20

3
86

31
2

6.
7

18
.6

76
79

28
30

7
19

.1
43

.8
1.

1
5.

3
24

5.
9

--
--

10
1

00
-2

6
--

S
E

N
E

3
38

4
55

54
70

46
82

50
0

T
pb

dp
B

51
.8

7
0.

99
17

.0
0

4.
10

4.
13

0.
14

7.
13

9.
00

3.
63

0.
94

0.
34

0.
52

99
.7

9
8.

69
8.

2
10

29
18

.4
10

7
21

3
74

19
0

6.
5

19
.2

91
81

36
41

7
18

40
0.

9
2.

5
23

5
--

--

10
2

91
-8

2
--

N
W

N
E

3
38

4
55

54
20

46
83

23
0

T
pb

dp
B

A
52

.0
4

1.
03

17
.0

6
3.

45
4.

46
0.

13
6.

56
9.

06
3.

78
0.

96
0.

33
0.

55
99

.4
1

8.
41

11
10

53
19

.2
87

21
9

43
17

4
4.

8
19

.5
76

74
29

40
6

19
39

1.
0

3.
1

24
--

--
--

10
3

H
P

94
-2

3
--

N
W

S
W

11
38

4
55

57
00

46
80

69
0

T
pb

dp
B

A
52

.0
5

1.
05

17
.0

1
4.

45
3.

58
0.

13
6.

57
8.

90
3.

94
1.

15
0.

47
0.

93
10

0.
23

8.
43

12
.3

11
63

14
.6

13
1

20
2

46
18

0
7.

1
21

.3
35

85
24

46
2

26
.5

57
2.

6
6.

0
22

.6
5.

5
--

--

10
4

H
P

94
-3

1
--

N
W

S
E

10
38

4
55

49
10

46
80

79
0

T
pb

dp
B

A
52

.4
2

1.
13

17
.5

4
4.

68
4.

21
0.

16
5.

95
8.

34
3.

56
0.

80
0.

38
0.

50
99

.6
7

9.
36

9.
9

63
4

19
.7

10
1

18
2

80
20

3
6.

1
19

.4
70

75
26

38
9

11
.6

34
.3

0.
7

2.
6

22
.4

8.
1

--
--

10
5

00
-2

9
--

N
W

S
W

35
37

4
55

59
50

46
83

96
0

T
pb

dp
B

A
53

.3
7

0.
75

17
.1

8
2.

83
4.

86
0.

13
6.

44
9.

31
3.

25
0.

64
0.

17
0.

96
99

.8
9

8.
23

1.
9

89
3

14
.7

51
18

7
35

20
0

3.
9

17
.1

68
60

30
27

9
4

14
<0

.5
1.

1
24

4
--

--

10
6

91
-6

3 
2.

96
 +

/-
 0

.0
6

S
W

S
W

26
37

4
55

57
60

46
85

20
0

T
pb

cb
B

A
53

.8
3

0.
73

17
.3

6
3.

10
4.

22
0.

12
6.

41
9.

41
3.

38
0.

66
0.

16
0.

55
99

.9
3

7.
79

7.
4

90
5

14
.6

35
21

0
28

21
6

3.
0

20
.9

91
65

30
22

4
9

21
0.

7
3.

7
23

4.
3

1.
0

1.
3

10
7

91
-4

5
--

N
E

S
E

33
37

4
55

36
30

46
84

11
0

T
pb

cb
B

A
52

.6
3

0.
70

16
.7

0
3.

38
4.

81
0.

13
7.

72
9.

54
3.

07
0.

48
0.

13
0.

97
10

0.
26

8.
73

5.
4

70
7

18
54

21
7

63
32

5
1.

2
17

.1
64

64
27

18
3

--
22

0.
9

<.
5

31
--

--
--

10
8

84
-1

9
--

N
E

S
W

26
37

4
55

63
00

46
85

48
0

T
pb

cb
B

A
52

.9
7

0.
69

16
.7

2
2.

91
4.

93
0.

15
7.

29
9.

52
2.

90
0.

47
0.

15
0.

84
99

.5
4

8.
39

5.
0

71
2

11
.7

51
20

8
63

28
3

2.
5

17
.0

71
64

31
17

8
6

15
<0

.5
1.

5
24

2
--

--

10
9

99
-1

0
--

S
E

S
W

34
37

4
55

44
60

46
83

55
0

T
pb

cb
B

A
53

.4
7

0.
70

17
.3

1
1.

57
6.

10
0.

14
6.

86
9.

64
3.

27
0.

53
0.

14
0.

74
10

0.
47

8.
35

3.
4

77
5

10
.9

45
21

2
42

24
9

4.
0

20
.8

81
62

28
21

5
8

15
0.

6
5.

1
25

3
--

--

11
0

00
-3

2
--

N
E

N
W

27
37

4
55

44
70

46
86

42
0

T
pb

cb
B

A
53

.5
3

0.
73

17
.2

2
3.

26
4.

42
0.

13
6.

45
9.

22
3.

25
0.

64
0.

17
1.

05
10

0.
07

8.
17

2.
9

90
7

27
.4

52
19

9
39

21
1

4.
4

17
.7

47
64

29
28

0
14

28
<0

.5
0.

8
24

5
--

--

11
1

00
-3

3
--

S
W

S
E

22
37

4
55

50
10

46
86

66
0

T
pb

cb
B

A
53

.5
8

0.
74

17
.3

6
2.

91
4.

65
0.

13
6.

40
9.

23
3.

36
0.

66
0.

17
0.

77
99

.9
6

8.
08

2.
0

92
5

17
.2

53
19

3
37

18
5

3.
8

18
.0

69
61

30
29

1
7

18
<0

.5
0.

8
23

3
--

--

11
2

00
-1

2
--

S
E

S
W

23
37

4
55

60
70

46
86

67
0

T
pb

cb
B

A
53

.8
2

0.
74

17
.3

3
4.

34
3.

29
0.

12
6.

42
8.

93
3.

48
0.

72
0.

17
1.

03
10

0.
39

8.
00

2.
6

95
8

22
.4

58
19

6
48

19
6

5.
1

20
.6

74
65

30
28

6
15

29
<0

.5
1.

3
23

4
--

--

11
3

00
-4

4
--

S
W

S
W

28
37

4
55

24
90

46
85

08
0

T
pb

cb
B

A
54

.4
2

0.
77

17
.1

2
3.

82
3.

24
0.

11
5.

93
8.

59
3.

63
0.

94
0.

22
0.

77
99

.5
6

7.
42

7.
2

11
47

14
.6

96
16

9
45

15
7

4.
9

19
.2

93
68

28
40

4
16

34
<0

.5
2.

2
22

5
--

--

11
4

00
-2

8
--

S
W

N
W

35
37

4
55

59
00

46
84

21
0

T
pb

cb
B

A
54

.4
4

0.
77

17
.3

1
4.

45
2.

77
0.

12
5.

82
8.

53
3.

63
0.

89
0.

21
0.

98
99

.9
2

7.
53

5.
4

11
08

14
.5

75
18

4
43

15
4

4.
5

19
.9

81
62

28
40

0
15

32
<0

.5
2.

5
19

7
--

--

11
5

99
-9

--
S

E
N

W
33

37
4

55
28

50
46

84
43

0
T

pb
cb

B
A

54
.6

3
0.

82
17

.1
0

3.
45

3.
70

0.
12

6.
14

8.
21

3.
67

1.
01

0.
26

1.
37

10
0.

48
7.

56
6.

5
10

92
12

92
19

6
39

15
1

5.
6

22
.4

72
64

24
36

9
17

34
2.

8
6.

4
19

4
--

--

11
6

99
-1

2
--

N
W

S
E

34
37

4
55

50
60

46
83

87
0

T
pb

cb
B

A
54

.6
8

0.
79

17
.2

8
4.

25
2.

90
0.

11
5.

92
8.

23
3.

69
0.

94
0.

23
1.

25
10

0.
27

7.
47

6.
5

10
26

12
78

19
6

37
16

2
5.

3
22

.0
48

63
25

31
8

15
34

1.
9

5.
9

19
4

--
--

11
7

99
-2

1
--

S
W

S
E

28
37

4
55

31
60

46
85

11
0

T
pb

cb
B

A
54

.7
8

0.
79

17
.1

8
4.

13
2.

78
0.

11
5.

74
8.

34
3.

77
0.

98
0.

25
0.

94
99

.7
9

7.
22

7.
9

10
92

20
.4

85
19

1
35

15
3

4.
9

22
.3

61
57

23
36

1
18

34
1.

8
6.

3
18

4
--

--

11
8

99
-8

--
S

W
N

E
28

37
4

55
35

00
46

85
79

0
T

pb
cb

B
A

54
.7

9
0.

80
17

.2
7

3.
29

3.
56

0.
11

5.
87

8.
22

3.
75

0.
99

0.
25

1.
22

10
0.

12
7.

25
7.

3
11

00
11

.8
85

19
3

41
16

0
5.

4
22

.0
75

61
25

31
7

19
33

1.
5

6.
5

20
6

--
--

11
9

A
L9

4-
51

2.
63

 +
/-

 0
.3

2
S

W
N

W
12

38
4

55
75

40
46

81
09

0
T

pb
ao

B
A

52
.7

5
0.

93
18

.0
8

2.
30

5.
81

0.
14

5.
37

8.
13

3.
68

0.
41

0.
25

1.
60

99
.4

5
8.

76
3.

8
68

3
19

.2
78

17
5

73
15

3
5.

5
20

.5
69

73
25

40
1

13
.7

31
.9

0.
9

2.
1

23
8.

9
1.

8
1

12
0

91
-8

5
2.

78
 +

/-
 0

.1
0

S
W

N
W

19
38

5
55

93
50

46
77

75
0

T
pb

ao
B

A
54

.0
8

0.
91

17
.1

6
3.

06
5.

09
0.

14
6.

28
8.

41
3.

39
0.

65
0.

21
0.

41
99

.7
9

8.
72

11
.4

55
7

21
.4

67
19

4
82

17
8

4.
1

20
.8

75
69

32
31

6
10

24
0.

8
4.

5
23

4.
6

1.
7

1.
4

1  S
am

pl
e 

91
-7

6 
ha

s 
el

em
en

ts
 th

at
 w

er
e 

no
t m

ea
su

re
d 

fo
r 

th
e 

ot
he

r 
sa

m
pl

es
 (

va
lu

es
 in

 p
pm

) 
(H

f =
2.

5,
 T

a 
=0

.3
, N

d=
18

, S
m

=3
.6

, E
u=

1.
15

, T
b=

0.
5,

 L
u=

0.
26

)
(c

on
tin

ue
d 

on
 n

ex
t p

ag
e)

 

)

Oregon Department of Geology and Mineral Industries Open-File Report O-07-09 13



T
ab

le
 1

 (p
ag

e 
3)

. 
M

ap
S

am
pl

e
K

-A
r 

A
ge

1/
4

1/
4

S
ec

.
T.

R
.

U
TM

 E
U

TM
 N

U
ni

t
Li

th
.

S
iO

2
Ti

O
2

A
l 2O

3
Fe

2O
3

Fe
O

M
nO

M
gO

C
aO

N
a 2

O
K

2O
P 2

O
5

LO
I

To
ta

l
Fe

2O
3T

R
b

S
r

Y
Zr

V
N

i
C

r
N

b
G

a
C

u
Zn

C
o

B
a

La
C

e
U

Th
S

c
P

b
Y

b
B

e
 n

o.
no

.
M

a
of

 1
/4

(S
.)

(E
.)

m
m

(%
)

(%
)

12
1

A
L9

4-
57

--
S

E
N

W
12

38
4

55
77

00
46

81
22

0
Tp

ba
o

B
50

.8
6

1.
05

17
.7

2
3.

55
5.

85
0.

15
6.

89
8.

94
3.

48
0.

55
0.

21
1.

07
10

0.
32

10
.0

5
7.

9
56

3
21

.4
78

25
4

13
3

21
3

4.
7

18
.0

33
75

34
23

9
9.

3
22

.3
0.

8
1.

1
25

.8
6.

9
1.

5
1.

2
12

2
H

P
94

-5
8

--
N

E
N

E
11

38
4

55
72

00
46

81
59

0
Tp

ba
o

B
50

.9
5

1.
03

17
.6

0
2.

12
6.

66
0.

16
7.

72
8.

63
3.

25
0.

55
0.

23
1.

14
10

0.
04

9.
52

7
51

1
19

83
18

2
14

1
30

9
4.

8
17

.5
67

71
33

31
4

8.
4

25
.3

--
2.

3
26

.5
7.

5
--

--
12

3
A

L9
4-

43
--

S
E

N
E

13
38

4
55

86
80

46
79

30
0

Tp
ba

o
B

50
.9

7
1.

05
17

.5
9

1.
30

7.
76

0.
15

6.
97

9.
45

3.
35

0.
56

0.
25

0.
83

10
0.

23
9.

92
7.

5
54

6
18

.9
75

22
8

10
9

20
4

4.
9

17
.8

11
80

33
24

8
7.

8
20

.1
1.

0
1.

3
28

.1
5.

1
1.

5
1.

2
12

4
A

L9
4-

48
--

S
E

S
E

12
38

4
55

86
00

46
80

12
0

Tp
ba

o
B

51
.0

3
1.

07
17

.6
4

3.
42

5.
60

0.
15

7.
12

8.
99

3.
52

0.
55

0.
23

0.
36

99
.6

8
9.

64
6.

3
57

5
19

85
19

0
11

9
19

1
4.

7
18

.1
43

72
29

24
0

6.
9

24
.6

0.
3

1.
8

24
.8

4.
8

1.
0

1.
1

12
5

B
S

94
-3

--
S

W
N

W
19

38
5

55
91

10
46

77
64

0
Tp

ba
o

B
A

52
.4

7
1.

13
17

.4
7

1.
73

7.
10

0.
15

6.
34

7.
99

3.
78

0.
77

0.
35

0.
16

99
.4

4
9.

62
12

58
1

22
.9

11
0

17
5

10
1

23
0

6.
9

17
.7

68
82

31
35

4
12

.7
33

0.
6

0.
9

21
.7

6.
8

0.
9

2
12

6
A

L9
4-

53
--

S
W

S
W

13
38

4
55

76
40

46
78

53
0

Tp
ba

o
B

A
52

.7
6

0.
93

17
.8

4
1.

65
6.

49
0.

14
5.

44
8.

25
3.

53
0.

72
0.

24
1.

30
99

.2
9

8.
86

12
.1

54
2

18
.5

79
15

6
66

15
0

5.
4

19
.4

60
69

25
35

6
11

.6
29

.8
0.

4
1.

9
22

.7
7.

7
1.

6
1.

2
12

7
H

P
94

-3
7B

--
N

E
S

W
11

38
4

55
61

80
46

80
59

0
Tp

ba
o

B
A

52
.8

1
1.

03
17

.8
5

2.
48

5.
70

0.
15

5.
66

8.
21

3.
70

0.
72

0.
34

0.
65

99
.3

0
8.

81
9

63
4

20
.2

96
17

4
80

15
5

6.
1

19
.5

66
74

42
40

9
14

.7
36

.8
1.

2
1.

2
23

.8
8.

5
--

--
12

8
H

P
94

-3
7

--
N

E
S

W
11

38
4

55
61

80
46

80
59

0
Tp

ba
o

B
A

52
.8

5
1.

03
17

.8
3

2.
62

5.
69

0.
15

5.
66

8.
21

3.
68

0.
73

0.
34

0.
70

99
.4

9
8.

94
7.

5
64

4
23

96
--

89
--

4.
9

19
.6

70
74

--
--

--
--

1.
2

1.
2

--
--

--
--

12
9

A
L9

4-
36

A
--

N
E

S
W

14
38

4
55

63
80

46
79

10
0

Tp
ba

o
B

A
53

.5
6

0.
90

18
.2

1
2.

47
5.

33
0.

14
4.

88
8.

37
3.

73
0.

71
0.

25
0.

79
99

.3
4

8.
39

9.
9

62
4

20
.7

77
17

3
61

13
3

5.
7

19
.7

71
69

23
41

8
17

28
.3

0.
7

1.
3

22
.7

8.
2

1.
9

1.
2

13
0

A
L9

4-
47

--
N

W
N

W
13

38
4

55
75

40
46

79
83

0
Tp

ba
o

B
A

53
.6

2
0.

95
18

.1
4

1.
51

6.
55

0.
14

5.
42

9.
01

3.
57

0.
69

0.
24

0.
56

10
0.

40
8.

79
12

.7
52

8
18

.7
78

18
6

60
15

8
5.

4
19

.7
51

69
24

32
4

11
.6

32
.5

0.
7

2.
0

23
8.

3
2.

0
0.

9
13

1
H

P
94

-4
--

S
E

N
E

11
38

4
55

70
00

46
80

88
0

Tp
ba

o
B

A
54

.1
8

0.
89

18
.1

7
1.

70
5.

70
0.

14
5.

26
8.

03
3.

87
0.

76
0.

26
0.

84
99

.8
0

8.
03

9.
8

62
7

15
.9

79
14

2
71

16
3

4.
6

18
.6

58
68

22
38

6
10

.1
33

.1
0.

9
1.

6
18

.7
7.

9
--

--
13

2
B

S
94

-1
04

--
S

W
N

E
19

38
5

55
99

40
46

77
80

0
Tp

ba
o

B
A

54
.6

3
0.

88
18

.7
5

3.
87

3.
92

0.
13

7.
97

7.
83

3.
77

0.
68

0.
21

0.
49

10
3.

13
8.

23
12

58
9

18
.2

76
15

5
62

13
8

4.
7

18
.4

33
70

23
35

4
11

.8
26

.2
--

0.
8

21
7.

4
1.

7
1

13
3

H
P

94
-5

7
--

S
W

S
W

11
38

4
55

59
90

46
80

22
0

Tp
ba

o
B

A
54

.6
8

0.
86

17
.9

4
1.

64
5.

69
0.

14
5.

16
8.

01
3.

77
0.

75
0.

26
0.

66
99

.5
6

7.
96

11
.9

64
9

19
89

14
5

67
15

3
5.

1
19

.5
74

71
24

37
7

11
.3

23
.7

1.
2

2.
2

20
.4

6.
9

--
--

13
4

H
P

94
-3

4
--

N
E

N
E

10
38

4
55

54
60

46
81

33
0

Tp
ba

o
B

A
54

.9
4

0.
88

17
.8

6
1.

71
5.

69
0.

14
5.

23
7.

88
3.

72
0.

75
0.

26
0.

74
99

.8
0

8.
03

11
65

0
15

79
10

5
64

15
3

4.
6

18
.9

67
61

19
37

6.
9

33
.6

0.
5

2.
1

18
8.

8
--

--
13

5
94

-1
6

1.
97

 +
/- 

0.
08

S
E

N
W

23
38

4
55

61
80

46
77

69
0

Tp
bb

m
B

49
.7

1
1.

20
18

.0
9

1.
39

7.
79

0.
16

6.
74

10
.2

5
3.

20
0.

47
0.

20
1.

26
10

0.
46

10
.0

5
6.

8
46

9
30

68
22

9
57

16
6

3.
1

20
.4

66
69

31
24

6
12

27
2.

5
3.

8
32

3.
8

2.
7

1.
2

13
6

A
L9

4-
34

--
N

W
N

W
23

38
4

55
59

50
46

78
27

0
Tp

bb
m

B
49

.4
2

1.
29

17
.7

7
2.

21
7.

75
0.

17
6.

81
10

.5
0

3.
21

0.
43

0.
18

0.
87

10
0.

61
10

.8
2

6.
8

45
8

24
.2

65
21

7
62

16
3

4.
6

19
.4

73
64

30
19

9
8.

1
21

.1
0.

7
--

29
.8

6.
3

1.
7

1.
2

13
7

H
P

94
-6

2
--

S
W

N
E

15
38

4
55

50
40

46
79

28
0

Tp
bb

m
B

49
.7

6
1.

23
17

.7
4

2.
00

7.
35

0.
17

6.
56

10
.3

8
3.

30
0.

47
0.

21
0.

91
10

0.
08

10
.1

7
6.

1
48

7
26

78
18

3
57

13
3

4.
6

19
.2

86
61

27
23

2
7.

7
16

1.
5

2.
0

28
6.

6
--

--
13

8
H

P
94

-1
3

--
N

W
N

W
22

38
4

55
40

70
46

78
35

0
Tp

bb
m

B
50

.1
8

1.
08

17
.4

5
1.

54
7.

36
0.

17
7.

52
10

.1
4

3.
04

0.
65

0.
24

1.
11

10
0.

48
9.

72
6.

3
64

0
17

.3
69

15
0

68
30

8
4.

3
16

.8
73

60
23

28
1

8.
5

25
.6

1.
4

1.
8

20
.9

6.
7

--
--

13
9

H
P

94
-4

2
--

N
E

N
W

15
38

4
55

48
10

46
79

98
0

Tp
bb

m
B

50
.3

6
1.

05
17

.6
3

1.
57

7.
73

0.
16

6.
94

9.
78

3.
21

0.
52

0.
24

0.
91

10
0.

10
10

.1
6

4.
9

60
9

19
83

19
4

76
32

4
4.

9
18

.0
79

66
28

31
5

12
.9

33
.4

0.
8

2.
0

26
.2

7.
7

--
--

14
0

H
P

94
-4

6
--

N
W

N
W

21
38

4
55

24
00

46
78

34
0

Tp
bb

m
B

50
.3

6
1.

06
17

.4
9

1.
27

7.
35

0.
16

7.
14

9.
91

3.
17

0.
56

0.
23

0.
86

99
.5

6
9.

44
5.

7
60

5
19

.2
76

17
77

31
7

4.
6

18
.7

75
63

28
30

8
12

.9
27

.4
1.

0
3.

1
27

.4
7.

5
--

--
14

1
99

-2
4

--
N

E
N

E
20

38
4

55
23

40
46

78
26

0
Tp

bb
m

B
50

.4
8

1.
07

17
.3

8
1.

00
7.

94
0.

16
7.

23
9.

61
3.

16
0.

59
0.

23
1.

09
99

.9
4

9.
82

4.
6

59
7

22
.6

82
21

9
77

31
0

5.
3

20
.7

82
67

31
26

9
12

23
1.

7
4.

6
25

5
--

--
14

2
H

P
94

-4
9

--
N

E
S

E
16

38
4

55
36

80
46

79
12

0
Tp

bb
m

B
50

.4
9

1.
04

17
.5

4
1.

12
7.

35
0.

16
7.

01
9.

70
3.

17
0.

58
0.

24
0.

83
99

.2
3

9.
29

5.
2

61
4

21
.3

89
19

2
67

31
6

4.
7

18
.5

74
66

28
28

3
16

.1
23

2.
2

2.
2

25
.2

5.
7

--
--

14
3

94
-1

7
--

S
W

N
W

23
38

4
55

60
30

46
77

67
0

Tp
bb

m
B

51
.0

0
1.

05
17

.5
0

3.
02

6.
13

0.
15

7.
87

8.
37

3.
35

0.
53

0.
26

0.
98

10
0.

21
9.

83
4.

9
56

2
25

91
19

2
13

7
36

6
3.

3
17

.6
33

76
30

32
0

--
30

<.
5

2.
2

28
--

2.
8

1.
2

14
4

A
L9

4-
31

--
N

W
N

E
23

38
4

55
66

70
46

78
24

0
Tp

bb
m

B
51

.3
4

0.
90

17
.1

4
2.

46
6.

38
0.

15
7.

97
8.

02
3.

64
0.

66
0.

31
0.

74
99

.7
1

9.
55

9.
9

63
8

20
.7

10
7

16
2

17
7

36
4

5.
9

17
.0

42
76

31
28

6
16

.6
36

.9
0.

8
2.

5
23

.3
5.

1
1.

5
1.

2
14

5
A

L9
4-

36
E

--
N

E
S

W
14

38
4

55
62

50
46

79
05

0
Tp

bb
m

B
51

.6
8

1.
00

17
.4

4
2.

64
5.

87
0.

14
7.

25
9.

02
3.

41
0.

69
0.

26
0.

65
10

0.
05

9.
16

7.
9

65
4

12
60

17
4

91
19

2
4.

5
20

.2
39

71
30

30
3

7.
2

36
.3

0.
5

2.
1

24
.7

6.
7

2.
4

1.
2

14
6

A
L9

4-
38

--
N

W
S

W
23

38
4

55
57

60
46

77
56

0
Tp

bb
m

B
51

.7
5

0.
96

18
.1

3
9.

75
  -

-
0.

15
6.

28
7.

60
3.

44
0.

67
0.

33
  -

-
99

.0
6

9.
75

10
62

8
26

12
2

15
3

15
0

31
9

6.
9

17
.7

25
80

31
32

8
19

.4
38

.4
0.

7
2.

7
25

5.
3

1.
7

1.
2

14
7

84
-1

6
0.

40
 +

/- 
0.

30
S

E
S

E
8

37
4

55
22

20
46

89
98

0
Q

br
b

B
51

.7
0

0.
95

18
.0

5
2.

33
5.

88
0.

14
6.

84
9.

98
3.

19
0.

40
0.

13
0.

88
10

0.
47

8.
86

4.
9

81
1

21
.1

53
21

0
48

14
6

2.
6

20
.4

67
58

33
16

7
12

23
0.

5
3.

0
26

3.
2

1.
7

1
14

8
99

-2
--

S
E

S
W

16
37

4
55

29
30

46
88

44
0

Q
br

b
B

51
.0

8
0.

85
16

.4
1

1.
28

6.
51

0.
14

9.
37

9.
81

2.
66

0.
39

0.
16

1.
51

10
0.

17
8.

51
1.

8
89

7
16

.6
75

21
0

17
2

42
7

4.
3

19
.0

75
68

37
19

3
14

31
1.

2
4.

3
28

3
--

--
14

9
99

-1
--

N
E

N
W

21
37

4
55

30
00

46
88

01
0

Q
br

b
B

51
.5

4
0.

86
16

.5
3

2.
09

5.
74

0.
14

9.
26

9.
73

2.
79

0.
44

0.
16

1.
07

10
0.

35
8.

47
1.

9
91

3
16

.1
73

19
1

17
2

43
5

4.
2

18
.8

70
62

35
17

3
9

34
1.

0
5.

0
26

4
--

--
15

0
00

-5
8

--
S

E
S

W
34

37
4

55
46

90
46

83
32

0
Q

bb
b

B
48

.3
9

1.
16

17
.5

6
3.

25
6.

96
0.

17
7.

75
10

.0
4

2.
99

0.
32

0.
21

1.
03

99
.8

3
10

.9
8

2.
9

46
3

22
.5

84
22

3
14

9
22

3
2.

9
17

.7
87

74
46

16
9

5
12

<0
.5

<0
.5

26
4

--
--

15
1

91
-4

2
--

N
W

S
W

4
38

4
55

27
00

46
82

38
0

Q
bb

b
B

48
.4

1
1.

03
16

.9
7

2.
79

6.
90

0.
16

8.
96

10
.1

9
2.

53
0.

20
0.

13
1.

68
99

.9
5

10
.4

6
1.

6
66

5
26

.1
54

23
1

13
3

38
0

2.
4

17
.2

89
65

35
14

8
--

25
1.

6
--

39
--

--
--

15
2

91
-1

1
--

N
E

S
E

8
38

5
56

18
00

46
80

45
0

Q
bb

b
B

48
.5

6
1.

00
17

.5
1

4.
41

4.
91

0.
16

8.
29

10
.8

5
2.

76
0.

18
0.

08
0.

80
99

.5
1

9.
87

1.
0

46
8

23
.5

66
16

9
10

8
30

2
2.

8
16

.7
67

60
34

10
9

3
14

0.
8

1.
5

30
4

--
--

15
3

H
P

94
-6

7
--

N
W

N
W

10
38

4
55

40
60

46
81

33
0

Q
bb

b
B

48
.7

1
0.

91
17

.9
5

2.
89

5.
93

0.
17

9.
06

10
.0

0
2.

45
0.

24
0.

12
1.

97
10

0.
40

9.
48

2.
5

63
8

21
.7

62
21

5
10

8
37

8
3.

6
17

.8
53

61
32

13
7

10
.8

23
.8

1.
4

1.
6

29
.9

5
--

--
15

4
91

-8
3

--
S

W
S

E
3

38
4

55
49

20
46

81
94

0
Q

bb
b

B
48

.9
6

0.
97

16
.8

9
4.

30
4.

79
0.

16
9.

00
10

.6
4

2.
68

0.
23

0.
10

1.
40

10
0.

12
9.

62
2.

3
67

3
23

.5
48

23
5

13
0

40
6

1.
4

16
.9

84
61

41
13

4
7

16
0.

8
--

39
0.

32
--

--
15

5
99

-1
5

--
S

W
S

W
4

38
4

55
25

70
46

81
94

0
Q

bb
b

B
48

.9
6

0.
92

17
.6

4
2.

39
6.

28
0.

16
9.

11
10

.5
4

2.
57

0.
21

0.
12

1.
65

10
0.

55
9.

37
0.

8
64

9
19

.2
58

22
4

15
0

41
7

4.
2

19
.1

84
62

40
13

2
5

19
1.

1
4.

1
32

3
--

--
15

6
91

-1
2

--
S

E
N

W
8

38
5

56
13

90
46

80
82

0
Q

bb
b

B
48

.9
8

0.
98

17
.9

5
2.

42
6.

42
0.

16
7.

77
10

.9
6

2.
84

0.
17

0.
09

0.
94

99
.6

8
9.

55
1.

2
50

1
23

.6
66

16
7

93
26

2
3.

3
17

.1
74

59
34

12
0

4
15

<0
.5

1.
9

31
3

--
--

15
7

A
L9

4-
59

--
N

E
S

E
12

38
4

55
87

60
46

80
51

0
Q

bb
b

B
49

.0
2

0.
97

17
.9

4
1.

84
7.

15
0.

16
8.

38
10

.5
4

2.
68

0.
22

0.
09

0.
78

99
.7

7
9.

79
2.

3
50

1
22

57
19

3
10

5
28

2
3.

5
17

.3
69

63
38

13
4

3.
5

15
.9

--
1.

0
31

.2
4

1.
9

0.
9

15
8

91
-7

3
--

N
E

S
W

19
37

5
55

93
00

46
87

24
0

Q
ab

m
A

57
.8

6
0.

64
18

.9
7

1.
81

3.
97

0.
11

3.
32

6.
85

4.
02

1.
11

0.
15

1.
02

99
.8

3
6.

22
17

.6
70

9
15

.2
85

11
9

35
71

5.
2

18
.9

56
66

16
36

7
9

27
1.

7
3.

0
17

7
--

--
15

9
84

-6
0

--
N

W
S

W
14

37
4

55
59

30
46

88
86

0
Q

ab
m

A
57

.8
7

0.
70

18
.9

3
2.

50
3.

86
0.

12
3.

34
6.

81
4.

17
0.

86
0.

17
1.

10
10

0.
43

6.
79

11
.5

72
2

14
.8

80
12

8
30

32
4.

7
20

.5
51

71
18

43
1

11
24

0.
1

0.
9

16
8

--
--

16
0

04
-2

--
N

W
N

E
11

37
4

55
65

90
46

91
11

0
Q

ab
m

A
58

.1
9

0.
68

18
.4

6
1.

36
4.

58
0.

11
3.

28
6.

84
3.

92
1.

04
0.

15
0.

99
99

.6
0

6.
45

20
.0

70
9

12
.8

82
12

7
32

28
3.

0
18

.9
52

66
19

46
4

--
--

0.
8

2.
0

14
7

--
--

16
1

84
-5

9
--

N
W

N
W

19
37

5
55

91
10

46
87

79
0

Q
ab

m
A

58
.3

4
0.

65
18

.9
4

1.
46

3.
97

0.
11

3.
34

6.
88

4.
08

1.
06

0.
15

1.
21

10
0.

19
6.

39
19

.6
68

4
13

.9
84

13
1

35
43

4.
8

20
.3

62
66

18
48

7
7

18
0.

5
1.

5
17

8
--

--
16

2
91

-7
5

--
S

E
S

E
19

37
5

56
02

00
46

86
92

0
Q

ab
m

A
58

.9
0

0.
63

18
.6

1
1.

59
3.

94
0.

10
3.

02
6.

52
4.

07
1.

23
0.

15
0.

88
99

.6
4

5.
97

24
.5

66
3

15
.9

97
11

3
29

62
5.

4
18

.3
47

63
16

43
0

10
31

2.
8

3.
9

15
7

--
--

16
3

A
T9

1-
40

--
N

W
S

E
7

37
5

55
97

50
46

90
07

0
Q

ab
m

A
59

.1
1

0.
69

18
.5

8
1.

87
3.

86
0.

10
4.

14
6.

37
3.

83
1.

16
0.

15
0.

39
10

0.
17

6.
16

28
.2

7
65

0.
8

13
.4

9
96

.6
12

1.
5

35
.8

29
--

--
--

--
20

47
0

13
15

--
--

14
--

0.
8

1.
4

16
4

84
-5

8
--

S
W

N
W

20
37

5
56

08
90

46
87

63
0

Q
ab

m
A

59
.1

7
0.

64
18

.6
4

1.
46

4.
12

0.
11

3.
08

6.
53

4.
11

1.
14

0.
16

0.
87

10
0.

03
6.

04
25

.0
64

6
14

.6
93

12
7

30
35

5.
4

20
.5

56
75

16
69

9
12

24
1.

1
1.

8
15

9
16

5
A

T9
1-

47
--

N
E

S
E

7
37

5
56

01
60

46
90

20
0

Q
ab

m
A

59
.2

6
0.

67
18

.3
7

1.
77

3.
73

0.
10

3.
01

6.
40

3.
87

1.
20

0.
13

0.
93

99
.4

4
5.

92
31

.6
64

3
13

.8
91

.5
12

0
37

30
--

--
--

--
20

48
2

13
23

--
--

13
--

0.
9

1.
5

16
6

A
T9

1-
23

--
S

W
S

E
5

37
5

56
16

10
46

91
45

0
Q

ab
m

A
59

.4
6

0.
66

18
.3

6
1.

65
3.

89
0.

10
3.

07
6.

50
3.

89
1.

22
0.

14
0.

95
99

.8
9

5.
97

31
.9

64
3

13
.3

11
0

12
4

30
37

--
--

--
--

19
49

9
14

19
--

--
13

--
0.

8
1.

4
16

7
A

T9
1-

52
--

S
E

N
W

17
37

5
56

11
70

46
88

96
0

Q
ab

m
A

59
.5

3
0.

68
18

.4
3

0.
65

4.
75

0.
10

3.
02

6.
52

3.
91

1.
17

0.
14

0.
55

99
.4

5
5.

93
29

.6
65

7
14

87
12

2
31

30
--

--
--

--
20

44
4

13
21

--
--

13
--

0.
8

1.
4

16
8

A
T9

1-
32

--
S

E
N

W
8

37
5

56
09

70
46

90
47

0
Q

ab
m

A
59

.5
4

0.
67

18
.2

2
1.

87
3.

70
0.

10
3.

00
6.

46
3.

81
1.

21
0.

14
0.

83
99

.5
5

5.
98

32
.8

64
7

14
.3

90
.5

12
2

35
39

--
--

--
--

19
50

4
14

22
--

--
13

--
0.

8
1.

5
16

9
H

C
91

-3
2

--
S

W
S

W
12

37
4

55
73

10
46

89
96

0
Q

ab
m

A
59

.5
5

0.
67

18
.2

0
1.

70
4.

09
0.

10
3.

08
6.

49
4.

08
1.

28
0.

15
0.

63
10

0.
02

6.
25

26
66

0
12

85
12

2
27

31
--

--
--

--
18

47
1

13
25

--
--

13
--

--
--

17
0

A
T9

1-
41

--
S

E
S

E
18

37
5

56
02

80
46

88
31

0
Q

ab
m

A
59

.5
7

0.
67

18
.5

2
1.

53
4.

06
0.

10
3.

07
6.

52
3.

95
1.

18
0.

14
0.

65
99

.9
6

6.
04

31
66

4
13

.7
89

12
3

30
35

--
--

--
--

20
47

3
12

21
--

--
13

--
0.

9
1.

4
17

1
A

T9
1-

33
--

N
E

N
W

7
37

5
55

92
90

46
90

97
0

Q
ab

m
A

59
.8

0
0.

67
18

.3
3

1.
65

3.
99

0.
10

3.
07

6.
33

4.
00

1.
25

0.
15

0.
65

99
.9

9
6.

08
34

.8
64

2
13

.5
89

.7
12

4
32

32
--

--
--

--
19

50
4

13
22

--
--

13
--

1.
0

1.
4

17
2

A
T9

1-
49

--
S

E
S

W
7

37
5

55
92

90
46

89
94

0
Q

ab
m

A
59

.8
9

0.
67

18
.5

9
1.

22
4.

03
0.

10
3.

09
6.

69
3.

85
1.

19
0.

13
0.

59
10

0.
04

5.
70

29
.8

66
2

13
.8

10
7

12
2

29
32

--
--

--
--

20
46

6
13

20
--

--
13

--
0.

9
1.

5
17

3
A

T9
1-

39
--

S
E

N
W

18
37

5
55

95
10

46
88

91
0

Q
ab

m
A

60
.0

6
0.

67
18

.7
8

0.
83

4.
62

0.
10

3.
05

6.
42

3.
93

1.
18

0.
12

0.
56

10
0.

32
5.

96
28

.4
65

9
13

.5
86

12
4

26
31

--
--

--
--

20
48

0
14

26
--

--
14

--
0.

7
1.

4
17

4
A

T9
1-

51
--

N
W

S
E

12
37

4
55

81
50

46
90

47
0

Q
ab

m
A

60
.1

3
0.

67
18

.3
4

1.
78

3.
70

0.
10

3.
01

5.
53

4.
14

1.
19

0.
15

0.
56

99
.3

0
5.

89
31

.2
64

5
13

88
.6

19
28

29
--

--
--

--
20

45
8

13
19

--
--

13
--

0.
8

1.
4

 
Oregon Department of Geology and Mineral Industries Open-File Report O-07-09 14




