
FLD015-09 1st pgs page 1

1

The Geological Society of America
Field Guide 15

2009

Mesozoic sedimentation, magmatism, and tectonics in 
the Blue Mountains Province, northeastern Oregon

Todd A. LaMaskin
Department of Geological Sciences, University of Oregon, Eugene, Oregon 97405, USA

Joshua J. Schwartz
Department of Geological Sciences, University of Alabama, Box 870338 Tuscaloosa, Alabama 35487, USA

Rebecca J. Dorsey
Department of Geological Sciences, University of Oregon, Eugene, Oregon 97405, USA

Arthur W. Snoke
Department of Geology and Geophysics, University of Wyoming, Laramie, Wyoming 82071, USA

Kenneth Johnson
Department of Natural Sciences, University of Houston Downtown, Houston, Texas 77002, USA

Jeffery D. Vervoort
School of Earth and Environmental Sciences, Washington State University, Pullman, Washington 99164, USA

ABSTRACT

This fi eld trip guide describes a two-day excursion through Mesozoic accreted 
terranes of the Blue Mountains Province in northeastern Oregon. Day 1 is focused 
on sedimentary rocks of the Izee terrane. These deposits are divided into two 
 unconformity-bounded megasequences, MS-1 and MS-2 that record two stages of syn-
tectonic basin formation. MS-1 (Late Triassic to Early Jurassic) accumulated in fault-
bounded marine sub-basins on the fl ank of an inferred growing Baker terrane thrust 
belt. MS-1 sandstones, derived from the Baker terrane, contain abundant Paleozoic, 
Late Paleoproterozoic, and Late Archean detrital-zircon grains. These observations 
suggest affi nity of the Baker terrane and MS-1 in the Izee area to portions of the 
Klamath and Sierra Nevada terranes that contain similar detrital-zircon age distri-
butions. MS-2 (Early to early-Late Jurassic) accumulated in a large marine basin that 
received input from low-grade metavolcanic rocks to the east (modern coordinates). 
Detrital zircons are dominated by Mesozoic, Neoproterozoic, and Mesoproterozoic 
grains. Two possible interpretations for MS-2 are: (1) the Jurassic Izee basin was fed 
directly by the large Mesozoic trans-cratonal sediment-dispersal system, or (2) trans-
cratonal sediment was deposited in a Triassic backarc basin in Nevada and was later 
recycled into the Jurassic Izee basin during Cordilleran orogenesis.
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INTRODUCTION

This fi eld trip will examine Mesozoic rocks in northeast-
ern Oregon that make up part of the Blue Mountains Province, 
an allochthonous group of variably metamorphosed, arc- and 
non-arc–related rocks in Oregon, Idaho, and Washington (Fig. 
1) (Hamilton, 1963; Armstrong et al., 1977; Vallier, 1977; 
1995; Dickinson and Thayer, 1978; Brooks and Vallier, 1978; 
Silberling et al., 1984). Recent stratigraphic analysis (Dorsey 
and LaMaskin, 2007, 2008) and new geochronologic and geo-
chemical data (Johnson et al., 1995; Johnson and Barnes, 2002; 
LaMaskin et al., 2008; Parker et al., 2008; Schwartz and Snoke, 
2008; Unruh et al., 2008; LaMaskin, 2009; Schwartz et al., 2010) 
challenge traditional models and suggest intriguing new ideas 
for tectonic and magmatic development of the Blue Mountains 
region. The primary objectives of this fi eld trip are to familiarize 
participants with fundamental tectonic problems in the region, 
explore the implications of new data that are being generated in 
these studies, and assess how the Blue Mountains Province may 
fi t into the larger context of Cordilleran tectonics, including rela-
tionships with southern British Columbia terranes to the north, 
Klamath-Sierran terranes to the south, and a Mesozoic thrust belt 
in western Nevada. Day 1 of the trip will focus on the boundary 
zone between the Baker terrane and younger sedimentary rocks 
of the Triassic-Jurassic Izee terrane. Day 2 of the trip will focus 
on Jurassic magmatism and related rocks within the Baker ter-
rane. An important goal of the trip is to integrate information and 
emerging new data from the two study areas.

Rocks of the Blue Mountains Province are commonly 
divided into two late Paleozoic to early Mesozoic volcanic 
island-arc assemblages (the Wallowa and Olds Ferry terranes), 
a Paleozoic to early Mesozoic subduction-accretionary complex 
(Baker terrane), and a Triassic–Jurassic clastic sedimentary suc-
cession (Izee terrane). The Wallowa terrane (Fig. 1) is a suc-
cession of island-arc related plutonic, volcanic, and sedimentary 
rocks of Permian through Early Jurassic age (Vallier, 1977, 1995; 
Walker, 1986, 1995). The Olds Ferry terrane (Fig. 1) contains 
island-arc related Upper Triassic to Lower Jurassic, volcanic, 
and marine volcaniclastic and epiclastic rocks, as well as small 

Day 2 of the fi eld trip is focused on Jurassic–Cretaceous magmatism in the Baker 
terrane. Late Middle Jurassic to Early Cretaceous igneous rocks in the Blue Moun-
tains Province record three distinct pulses of plutonism that are characterized by dis-
tinctive spatial and geochemical signatures. These episodes consist of: (1) late Middle 
to Late Jurassic small gabbro to quartz diorite plutons (ca. 162–154 Ma; low Sr/Y); 
(2) Late Jurassic to Early Cretaceous plutons and batholiths (ca. 148 and 137 Ma; 
includes spatially distinct belts of low and high Sr/Y at 147–145 Ma); and (3) Early 
Cretaceous small plutons of tonalitic and trondhjemitic composition (ca. 124–111 Ma). 
Temporal transitions in geochemical characteristics between these suites raise funda-
mental questions regarding the origins of plutonism in the Baker terrane. In particu-
lar, the transition from low Sr/Y (group 1) to high Sr/Y (group 2) magmatism in the 
Greenhorn subterrane occurred ~ 7 Ma after regional contraction, and may record 
partial melting of thickened crust as a direct result of Late Jurassic orogenesis.

Figure 1. Geologic map of the Blue Mountains Province, modifi ed 
from LaMaskin (2009). Ages of plutons shown where data are avail-
able; z—U-Pb zircon age; K-Ar—potassium-argon age. Question 
marks indicate uncertain terrane affi liations and/or terrane boundary 
locations. The Bourne and Greenhorn subterranes, Grindstone terrane, 
and Burnt River Schist are here considered sub-terrane level units of 
the Baker terrane. MS—megasequence (after Dorsey and LaMaskin, 
2007); BRS—Burnt River Schist; BMB—Bald Mountain batholith; 
WB—Wallowa batholith; PCF—Poison Creek fault; Cpx.—complex; 
Ldg.—landing; WA—Washington; OR—Oregon; ID—Idaho. Com-
piled from numerous sources including Dickinson and Vigrass (1965); 
Brown and Thayer (1966; 1977); Thayer and Brown (1966); Hendrick-
sen et al. (1972); Brooks et al. (1976); Dickinson and Thayer (1978); 
Brooks (1979); Walker and MacLeod (1991); Walker (1986; 1995); 
Vallier (1995; 1998); Ashley (1995); Ferns and Brooks (1995); Lee-
man et al. (1995); Ferns et al., (2001); Lewis (2002); Lund (2004); 
Kays et al. (2006); Dorsey and LaMaskin (2007); Mann and Vallier 
(2007); Parker et al. (2008); Unruh et al. (2008); J. Schwartz (unpub-
lished data); K. Johnson (unpublished data).

Middle (ca. 235 Ma) and Upper Triassic (ca. 218–212 Ma) mafi c 
to felsic intrusions (Brooks and Vallier, 1978; Vallier, 1995; 
Walker, 1986, 1995; Tumpane et al., 2008; LaMaskin, 2008; 
Unruh et al., 2008). The Baker terrane accretionary- subduction 
complex (Fig. 1) is situated between the Wallowa and Olds Ferry 
terranes and includes both island-arc and non-arc–related rocks 
(Jones et al., 1976; Hotz et al., 1977; Carpenter and Walker, 
1992; Ferns and Brooks, 1995; Leeman et al., 1995; Vallier, 
1995; Schwartz et al., 2010). At least four subterrane-level 
units within the Baker terrane include the Grindstone, Bourne, 
and Greenhorn subterranes, and the Burnt River Schist (Kays 
et al., 1987; Ashley, 1995; Ferns and Brooks, 1995; Schwartz 
et al., 2006; Schwartz and Snoke, 2008). Sedimentary units in 
the Baker terrane include Devonian through Triassic clastic and 
carbonate successions with minor occurrences of Jurassic strata. 
Rocks traditionally included in the Izee terrane (Fig. 1) consist 
of Triassic and Jurassic dominantly sedimentary rocks that rest 
in depositional or fault contact with rocks of the Baker terrane in 
central Oregon. Correlation of Middle Jurassic rocks of the Izee 
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terrane with the Coon Hollow Formation in the Wallowa terrane 
suggests that the Izee terrane represents a stratigraphic overlap 
assemblage that links the Blue Mountains terranes by Early to 
Middle Jurassic time (i.e., Pessagno and Blome, 1986; White 
et al., 1992; Dorsey and LaMaskin, 2007, 2008; LaMaskin et 
al., 2008). Regional contractile deformation affected all rocks 
of the Blue Mountains Province in Late Jurassic time (Avé Lal-
lemant, 1995), and terrane amalgamation prior to ca. 144 Ma 
is suggested by Late Jurassic to Early Cretaceous granodioritic 
stitching plutons (Fig. 1; Walker, 1986, 1989).

Historically, some workers have interpreted rocks of the Blue 
Mountains Province to represent a single, complex far-traveled 
island arc (e.g., Pessagno and Blome, 1986; White et al., 1992; 
Vallier, 1995). Others have suggested that the Blue Mountains 
Province contains both intraoceanic (Wallowa) and continent-
fringing (Olds Ferry) island-arc systems that are separated by a 
subduction/accretionary complex (Baker terrane) (e.g., Dickin-
son, 1979, 2004). Recent work by Dorsey and LaMaskin (2007), 
LaMaskin et al. (2008), and Schwartz et al. (2010) suggests that 
this region underwent an early Mesozoic, Molucca-Sea style arc-
arc collision that involved portions of the Wallowa, Baker, and 
Olds Ferry terranes. In addition, Dorsey and LaMaskin (2007, 
2008) and LaMaskin et al. (2008) proposed that Jurassic sedi-
mentary rocks across the region were deposited in a subsiding 
fl exural basin adjacent to a growing Jurassic orogenic belt in 
western Nevada (Luning-Fencemaker fold-and-thrust belt). The 
diversity of tectonic models refl ects the geologic complexity in 
the region and ongoing attempts to interpret emerging new data 
using comparisons to present-day, plate-tectonic settings. 

STRATIGRAPHY AND STRUCTURE OF THE IZEE 
AREA

Paleozoic–Mesozoic serpentinite-matrix mélange of the 
Baker terrane and Triassic to Jurassic sedimentary rocks of the 
Izee terrane are exposed in a large erosional inlier southwest of 
the town of John Day, Oregon (Figs. 1 and 2A; Dickinson and 
Vigrass, 1965; Dickinson and Thayer, 1978). Triassic and Juras-
sic sedimentary rocks can be divided into two regional-scale, 
unconformity-bounded megasequences (Dorsey and LaMaskin, 
2007). Rocks of megasequence 1 include Upper Triassic to 
Lower Jurassic marine strata that experienced signifi cant synde-
positional deformation and are derived dominantly from rocks 
of the Baker terrane (i.e., an outboard provenance; Dickinson 
and Thayer, 1978; Dorsey and LaMaskin, 2007). Deposits of 
megasequence 1 occur in two distinct packages located east 
and west of the southeast-directed Poison Creek reverse fault 
(Figs. 2A and 2B). Units west of the Poison Creek fault include 
the Upper Triassic Vester Formation (~4000 m) and small ero-
sional remnants of the overlying Late Triassic Rail Cabin Argil-
lite (~600 m) and Early Jurassic Graylock Formation (~150 m). 
These marine successions rest nonconformably on, and are 
locally infolded and faulted with, serpentinite-matrix mélange of 
the Baker terrane (Grindstone and Greenhorn subterranes; Dick-

inson and Vigrass, 1965; Dickinson and Thayer, 1978; Ferns 
and Brooks, 1995). East of the Poison Creek fault, sedimentary 
rocks of megasequence 1 are age-equivalent to the Rail Cabin 
Argillite and Graylock Formation and include a thick package 
of marine argillite and turbidites called the Aldrich Mountains 
Group (~10,000 m; Dickinson and Thayer, 1978). All rocks of 
megasequence 1 were affected by Late Triassic to Early Jurassic 
deformation and are overlain by rocks of megasequence 2 along 
a regional angular unconformity.

Sedimentary rocks of megasequence 2 in the Izee area 
include the Lower to Upper(?) Jurassic Mowich Group (~500 m) 
and Snowshoe (~1000 m), Trowbridge (~1000 m) and Lonesome 
formations (~3000 m; Fig. 2B). These deposits accumulated in a 
marine basin that experienced regional transgression from Early 
through Middle Jurassic time (ca. 190–161 Ma; Mowich Group 
through Trowbridge Formation) followed by regional regres-
sion in Middle and Late(?) Jurassic time (Lonesome Formation; 
Dickinson 1979; Dickinson et al., 1979). All deposits of megase-
quences 1 and 2 were affected by Late Jurassic contractile defor-
mation (Avé Lallemant, 1995).

DETRITAL-ZIRCON DATA

Detrital-zircon data from rocks of megasequence 1 and 
megasequence 2 in the Izee area record a major shift in prov-
enance from Late Triassic to Middle Jurassic time, consistent 
with provenance trends in sandstone detrital modes identifi ed 
by Dickinson et al. (1979). Late Triassic sediments of the Vester 
Formation are interpreted to be derived from the Baker terrane 
(Dickinson and Thayer, 1978), and the detrital-zircon age dis-
tributions are dominated by Paleozoic, Late Paleoproterozoic, 
and Late Archean ages (LaMaskin, 2009). Crystalline basement 
rocks older than Permian are not known to be present in the Baker 
terrane, and thus detrital-zircon grains in megasequence 1 were 
likely reworked from Paleozoic and Mesozoic(?) clastic rocks of 
the Baker terrane. In contrast, the Jurassic deposits are inferred 
to be derived from inboard sources (Dickinson and Thayer, 
1978). Detrital-zircon age distributions in Jurassic samples are 
dominated by Mesozoic ages and include signifi cant quantities of 
Neoproterozoic and Mesoproterozoic ages with lesser amounts 
of Late Paleoproterozoic ages.

Other accretionary-subduction complexes within terranes 
of the Klamath Mountains and Sierra Nevada are dominated 
by Paleozoic, Late Paleoproterozoic, and Late Archean detrital-
zircon grains such as those eroded from the Baker terrane and 
deposited as megasequence 1 in the Izee region (e.g., Harding 
et al., 2000; Scherer, 2006). This similarity in detrital-zircon age 
distributions suggests that pre-Triassic portions of the Baker ter-
rane and megasequence-1 sediments have a genetic affi nity to 
portions of the Klamath and Sierra Nevada terranes.

In Jurassic samples, signifi cant quantities of Neoproterozoic 
and Mesoproterozoic detrital-zircon grains with lesser amounts 
of Late Paleoproterozoic grains indicate derivation from a pre-
viously documented trans-cratonal sediment-dispersal system 
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during Jurassic time (i.e., Rahl et al., 2003; Dickinson and Geh-
rels, 2003, 2009), and suggest proximity of the Jurassic Izee 
basin to the Cordilleran margin. Alternatively, these detrital-
zircon grains may have originally been deposited in the Trias-
sic back-arc basin in Nevada (i.e., Dickinson and Gehrels, 2008) 
and subsequently eroded from the Luning-Fencemaker fold-and-
thrust belt during Jurassic uplift and erosion (Wyld, 2002; Wyld 
et al., 1996, 2003). Both explanations support a model for mod-
erate post-Jurassic northward translation (~400 km) of the Blue 
Mountains Province (e.g., Wyld and Wright, 2001).

JURASSIC–EARLY CRETACEOUS MAGMATISM IN 
THE BAKER TERRANE

Late Middle Jurassic to Early Cretaceous magmatism in 
the Blue Mountains Province consists of three distinct pulses of 
plutonism, which occurred between 162 and 154 Ma, 148 and 
137 Ma, and 124 and 111 Ma (Walker, 1986, 1989, 1995; John-
son et al., 1995; Johnson and Barnes, 2002; Parker et al., 2008; 
Schwartz and Snoke, 2008; Unruh et al., 2008; J. Schwartz and 
K. Johnson, unpublished data; Fig. 3; Table 1). These plutons 
defi ne spatially distinct belts that parallel major tectonic features 
of the amalgamated Blue Mountains terranes (Wallowa, Baker, 
and Izee terranes), and formed prior to ~60° of post-Cretaceous 
clockwise rotation (Wilson and Cox, 1980). The oldest belt con-
sists of late Middle–Late Jurassic plutons in the Wallowa terrane 
(Unruh et al., 2008) and Baker terrane (Fig. 1) (Parker et al., 
2008; J. Schwartz, unpublished data). These plutons are typically 
<3 km2 in areal extent and range in composition from gabbro to 
quartz diorite. Geochemically, they are magnesian, calcic to calc-
alkalic, and metaluminous, and characterized by low Na, Al, Sr, 
but high Y concentrations (Fig. 4). This phase of magmatism is 
coeval with a short-lived episode of regional contraction in the 
Baker terrane that is bracketed between 159 and 154 Ma (D

2
 of 

Avé Lallemant, 1995; Schwartz and Snoke, 2008).
A second distinct pulse of magmatism occurred between ca. 

148 and 137 Ma and consists of two spatially and geochemically 
distinct belts of high Sr/Y (high Na, Al, Sr, but low Y) plutons 

in the Greenhorn subterrane of the Baker terrane, and low Sr/Y 
(low Na, Al, Sr, but high Y) plutons and batholiths in the Bourne 
subterrane of the Baker terrane and the Wallowa terrane. In the 
Bourne subterrane and Wallowa terrane, low Sr/Y plutons and 
batholiths (148–137 Ma) intrude island-arc and related metasedi-
mentary rocks and are similar in composition to older Middle–
Late Jurassic plutons (162–154 Ma belt). In contrast, high Sr/Y 
plutons in the Greenhorn subterrane (147–145 Ma) spatially 
overlap the older low Sr/Y plutons, but are much more composi-
tionally restricted (Fig. 4; Table 1).

The transition from low Sr/Y (162–154 Ma belt) to high 
Sr/Y magmatism (147–145 Ma) in the Greenhorn subterrane 
occurred ~7 Ma after regional contraction, and raises funda-
mental questions regarding the origin of high Sr/Y plutons in 
the Baker terrane. Several geochemical characteristics of the 
high Sr/Y magmas suggest an origin for these rocks by par-
tial melting in the presence of a plagioclase-poor to absent, 
hornblende + garnet-bearing source (depths >40 km). These 
features include: steeply fractionated rare earth element (REE) 
patterns, high Sr/Y values, and little to no Eu anomaly. Does the 
observed change in geochemistry from low Sr/Y to high Sr/Y 
refl ect partial melting of orogenically thickened crust as a direct 
result of Late Jurassic orogenesis?

The last stage of magmatism in the region (pre-Idaho batho-
lith emplacement) consists of small plutons of tonalitic and 
trondhjemitic composition. This group can subdivided into two 
sub-groups: (1) 124–120 Ma metaluminous hornblende-biotite 
tonalite plutons in a northeast-southwest–trending belt eastward 
(inboard) of the Late Jurassic belt, and (2) 125–111 Ma, strongly 
peraluminous tonalite and trondhjemite plutons that mostly occur 
in a belt subparallel to the initial Sr isotopic 0.706 line in western 
Idaho. These plutons were emplaced >10 Ma after Late Jurassic–
Early Cretaceous magmatism in the Baker terrane (146–137 Ma) 
and represent a distinct phase of magmatism which postdates 
regional contraction (e.g., Snee et al., 1995; Gray and Oldow, 
2005) and peak metamorphism (550–600 °C, 8–9 kbar) at 
128 ± 3 Ma in the Salmon River suture zone (Selverstone et al., 
1992; Getty et al., 1993).

Pb/U zircon age (Ma)
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Figure 3. Histogram of U-Pb zircon 
ages showing the distribution of Middle 
Jurassic to Early Cretaceous magmatic 
rocks in the Blue Mountains Province. 
Data compiled from Walker (1986; 
1989), Manduca (1993), Lee (2004), 
McClelland and Oldow (2007), Parker 
et al. (2008), Unruh et al. (2008), and J. 
Schwartz and K. Johnson (unpublished 
data).
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REGIONAL TECTONIC IMPLICATIONS

Rocks examined during this fi eld trip highlight an apparent 
temporal partitioning of sedimentation and magmatism, and sug-
gest a systematic shift in the locus of crustal-thickening, sedi-
mentation and magmatism over time. The majority of Mesozoic 
sedimentation appears to have taken place from Late Triassic (ca. 
225 Ma) to late Middle Jurassic time (ca. 160 Ma; Dickinson and 
Thayer, 1978; LaMaskin, 2009); in contrast, magmatism in the 
Baker terrane appears to have initiated (?) in late Middle Jurassic 
time (ca. 162 Ma) and continued into the Cretaceous.

We propose a model in which Jurassic sedimentation in the 
Blue Mountains occurred in a subsiding collisional basin adja-
cent to an area of crustal thickening in western Nevada (i.e., 
the  Luning-Fencemaker fold-and-thrust belt; Wyld and Wright, 
2001; Dorsey and LaMaskin, 2007, 2008). Sedimentation in the 
Blue Mountains ceased when crustal thickening jumped out-
board, to a location within the Blue Mountains (Greenhorn sub-
terrane of the Baker terrane; Ferns and Brooks, 1995). This shift 
in the locus of crustal thickening appears to be recorded by a 
regional contraction event at ca. 159–154 Ma (i.e., D

2
 of Avé Lal-

lemant, 1995; Schwartz and Snoke, 2008) and by the emplace-
ment of high Sr/Y plutons in Late Jurassic to Early Cretaceous 
time. Subsequently, the locus of crustal thickening in the region 
shifted back to the east (i.e., the Salmon River suture zone) and 
was closely followed by intrusion of small Early Cretaceous 
tonalitic and trondhjemitic plutons.

DAY 1

Directions to Stop 1-1

Begin fi eld trip directions at the intersection of U.S. High-
way 26 and U.S. Highway 395 in John Day, Oregon (Fig. 2A). 
Travel south on U.S. Highway 395 ~18 miles to the intersection 
with County Route 63 (Izee-Paulina Lane). Turn right on County 
Route 63 and travel ~18.4 miles, then turn right onto Forest Ser-
vice Road (FSR) 6370. Continue on winding roads of FSR 6370 
for ~15 miles. Turn right onto FSR 304, a small jeep trail located 
at UTM coordinates 307072E, 4891572N (UTM zone 11, datum 
NAD 83), and follow ~0.3 miles. Park at the entrance to a closed 
FSR at UTM coordinates 307022E, 4891985N. On foot, follow 
closed FSR due west ~1.2 miles, bearing left at intersection with 
FSR 328, to unvegetated hills of serpentinite on the north side 
of the road (end hike on road at UTM coordinates 305460W, 
4892121N). Hike ~0.25 mi due north to chromite mine pits at 
UTM coordinates 305393W, 4892252N.

Stop 1-1. Upper Triassic Vester Formation and Rocks of 
the Baker Terrane

Throughout the Izee region of central Oregon, the Baker ter-
rane forms the basement to the Triassic through Jurassic basinal 
assemblage. Upper Triassic sedimentary rocks of the Vester T
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Formation (megasequence 1) are the oldest deposits of the Tri-
assic basinal assemblage, and this is a key locality where they 
rest in depositional contact on the Baker terrane (Fig. 2). At this 
location we will observe fi eld evidence for the depositional con-
tact between the Baker terrane and overlying Vester Formation, 
and view typical rock types of the Vester Formation (participants 
are referred to Brown and Thayer, 1977: U.S. Geological Survey 
[USGS] Map I-1021).

In this area, rocks of the Baker terrane include two dominant 
rock types: (1) strongly sheared serpentinite, and (2) metavol-
canic greenstone (Brown and Thayer, 1977). In the immediate 
vicinity of Stop 1-1, serpentinite has been mined for chromite and 
abandoned mine pits can be found at several locations. The Vester 
Formation has been divided into two members: (1) the Begg 
Member (~2500 m) is dominantly chert-rich conglomerate and 
sandstone with lesser amounts of black shale, polymict breccia, 

and local volcanic rocks, and (2) the Brisbois Member (~1250 m) 
is dominantly thin-bedded chert-grain sandstones with local 
calcarenite and limestone olisostromes (Dickinson and Vigrass, 
1965; Brown and Thayer, 1977; Dickinson and Thayer, 1978). 
Paleocurrent indicators reported by Dickinson and Thayer (1978) 
suggest southeast-directed transport (modern coordinates). The 
age of the Begg Member is poorly constrained and may be Late 
Triassic (Carnian) or older, whereas diagnostic pelycepod and 
ammonite faunas in the Brisbois Member suggest a Late Trias-
sic, Carnian age (subbullatus zone; Dickinson and Vigrass, 1965; 
Blome, 1984; Blome et al., 1986).

The sandstone detrital mode of the Vester Formation is 
noteworthy for abundant chert and meta-chert grains in con-
junction with a relatively low abundance of monocrystalline 
quartz grains (Dickinson et al., 1979). The unique framework-
grain assemblage, paleocurrent indicators suggesting fl ow away 
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from likely source rocks in the Baker terrane, and numerous 
syn- depositional faults, indicate that the Vester Formation was 
derived from uplifted rocks of the Baker terrane during Late Tri-
assic deformation and related basin formation (Dickinson and 
Thayer, 1978; Brown and Thayer, 1977; Dickinson, 1979; Avé 
Lallemant, 1995).

Mapping by Brown and Thayer (1977) at this location shows 
that the Begg Member of the Vester Formation rests in deposi-
tional contact on both serpentinite and metavolcanic greenstone 
of the Baker terrane. The contact is highly irregular and nonpla-
nar, unlike a fault contact, and the mapped attitudes of bedding 
within the Vester Formation generally follow the Vester-Baker 
contact. Following a brief orientation, participants will spend 
some time exploring the contact between rocks of the Baker ter-
rane and the Vester Formation and viewing exposures of chert-
pebble conglomerate and chert-grain sandstone.

Medium-grained, chert-rich sandstone samples from the 
Begg and Brisbois members of the Vester Formation yield 
abundant detrital-zircon grains (Fig. 5). The majority are well-
rounded pink, yellow, or green grains. The samples include 
minor quantities of Mesozoic-age grains (~2% of grains) and 
are dominated by Paleozoic- (~41%) and Precambrian-age 
grains (57%). Prominent peaks in the probability distribution for 
Mesozoic and Paleozoic ages are present at 374 Ma (Devonian), 
311 Ma (Pennsylvanian), and 274 Ma (Permian). The majority of 
Precambrian-age grains are late Paleoproterozoic in age and fall 
within the range of ca. 2.05–1.7 Ga with peaks present at 1.87 
and 1.99 Ga. Late Archean ages are represented by grains in the 
range of 2.75–2.5 Ga.

Directions to Stop 1-2

Return on foot to vehicles and backtrack to Forest Service 
Road 6370. Turn left onto FSR 6370 and travel 0.4 miles to small 
exposures of limestone on the north side of the road (UTM coor-
dinates 307590E, 4891144N).

Stop 1-2. Upper Triassic Rail Cabin Argillite at Graylock 
Butte

Here we will make a brief stop to examine bioclastic lime-
stone and calcareous quartzose sandstones and pebble con-
glomerates of the Rail Cabin Argillite (Fig. 2A). In this area, 
Upper Triassic and Lower Jurassic rocks that rest on the Vester 
Formation consist of a relatively thin (~760 m) succession of 
shallow-water facies including limestone lenses containing well-
preserved specimens of Halorella that suggest shoaling of the 
former deep-marine setting (Brown and Thayer, 1977). Correla-
tive rocks on the east side of the Poison Creek fault approach 
10,000 m in thickness, thus syn-depositional faulting along the 
Poison Creek fault appears to have exerted a major structural 
control on deposition, with uplift in the west and subsidence in 
the east during Late Triassic to Early Jurassic time (Brown and 
Thayer, 1977; Dickinson and Thayer, 1978).

Sandstone and pebble conglomerate samples at this locality 
contain distinctive quartz grains and clasts that display a wide 
range of sedimentary and metamorphic fabrics. These include 
grains of quartz arenite sandstone, recrystallized quartz display-
ing polygonal grain boundaries and stretched and fl attened fab-
rics (i.e., stretched metamorphic quartz). These types of quartz 
grains and clasts are also present in sediments of the Aldrich 
Mountains Group east of the Poison Creek fault (Fields Creek 
Formation), but they are not observed in the underlying Vester 
Formation. This suggests erosion of a metamorphic source area, 
and supports a model for progressive regional orogenesis in the 
Baker terrane during Upper Triassic and Lower Jurassic time 
(i.e., Dorsey and LaMaskin, 2007; LaMaskin et al., 2008).

Directions to Stop 1-3

Continue traveling east on FSR 6370 4.1 miles to promi-
nent exposures on the north side of the road (UTM coordinates 
311540E, 4889821N).

0 400 800 1200 1600 2000 2400 2800 3200

R
el

at
iv

e 
p

ro
b

ab
ili

ty

Vester Fm., Begg & 
Brisbois mbrs.
N = 2; n = 217

Age (Ma)

Figure 5. Combined detrital-zircon age distributions from the Begg (n = 105) and Brisbois (n = 112) members of 
the Vester Formation, representative of megasequence-1 rocks. Data from LaMaskin (2009).
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Stop 1-3. Upper Triassic Fields Creek Formation (Aldrich 
Mountains Group) Bouldery Mudstone and Olistostromal 
Slide Blocks

We have crossed over the Poison Creek fault (poorly 
exposed in this area) and passed into exposures of the Fields 
Creek Formation, the lower unit of the Aldrich Mountains Group 
(Fig. 2). Rocks at this stop include an anomalous unit of bouldery 
mudstone and olistostromal slide blocks of limestone and quartz 
sandstone-conglomerate. To the north, exposures of the Fields 
Creek Formation are more typical and include thin- to medium-
bedded turbidite sandstones.

The Aldrich Mountains Group rests locally in depositional 
contact on serpentinite-matrix mélange of the Baker terrane (Fig. 
2; Dickinson and Thayer, 1978). The Fields Creek Formation 
(~4500 m) is a thick turbiditic succession of fi ne-grained sand-
stone and black shale with slide breccias and olistostromes of 
igneous and sedimentary rock types in the lower part (Brown and 
Thayer, 1977; Dickinson and Thayer, 1978). Radiolarian faunas 
from the Fields Creek Formation indicate a Late Triassic, Norian 
age and suggest reworking of older Middle to Late Triassic depos-
its (Blome et al., 1986; Yeh, 1989). The uppermost unit of the 
Aldrich Mountains Group is the Keller Creek Shale (~1500 m) 
which includes volcaniclastic greywacke and is Early Jurassic in 
age (Brown and Thayer, 1977; Imlay, 1986).

A large olistostromal block of quartzose sandstone and con-
glomerate is present just past where the road turns to the south 
(when driving east). The lithology is identical to sandstone and 
conglomerate in the Rail Cabin Argillite west of the Poison 
Creek fault (Stop 1-2). Quartzose grains and clasts display a wide 
range of sedimentary and metamorphic fabrics. Other basal sec-
tions of the Fields Creek Formation along Fields Creek road to 
the north contain slide blocks and olistostromes of plutonic rocks 
identical to small plutons in the Baker terrane (Carpenter and 
Walker, 1992; LaMaskin, 2009). These relationships and recy-
cled radiolarian faunas (Blome, 1984; Yeh, 1989) show that the 
Fields Creek Formation was eroded from both the uplifted Baker 
terrane and from Triassic sedimentary rocks of the Rail Cabin 
Argillite, and deposited in a complex fault-bounded basin at the 
margin of a large active thrust belt (Baker terrane).

Directions to Stop 1-4

Continue traveling due east on FSR 6370 ~3.4 miles to out-
crops of gray calcareous sandstone on the north side of the road 
(UTM coordinates 314780E, 4889265N). Fossil-bearing out-
crops are present at ~3.4 to 3.7 miles from Stop 1-3. 

Stop 1-4. Lower Jurassic Suplee Formation—Fossil 
Collecting Locality

We have now crossed over the regional unconformity 
between megasequence 1 and overlying sedimentary rocks of 
megasequence 2 (Fig. 2). Megasequence-2 deposits record a 

second major phase of subsidence and sedimentation in the 
Izee region. Sediments are dominantly volcaniclastic and were 
derived predominantly from inboard locations to the east and 
northeast (modern coordinates; Dickinson and Thayer, 1978). 
The basal portion of megasequence 2 consists of the transgres-
sive, shallow- to deep-marine Mowich Group (~690 m; Brown 
and Thayer, 1977). We will stop to view a 10–20-m-thick, bio-
turbated calcareous sandstone unit in the Suplee Formation. The 
Suplee Formation is mainly Pliensbachian age (Imlay, 1968) and 
is richly fossiliferous. Numerous fossils have been collected at 
localities in the Suplee Formation, including ammonites, pelycy-
pods, brachiopods, and gastropods.

Turbidite sandstone of the Hyde Formation overlies the 
Suplee Formation and contains abundant detrital-zircon grains 
(Fig. 6A). All zircon grains are Mesozoic and defi ne a unimodal 
probability distribution that spans 191–172 Ma, yielding an Early 
Jurassic peak at ca. 180 Ma.

Directions to Stop 1-5

Continue traveling east on FSR 6370 back to the intersec-
tion with County Route 63. Turn left on Route 63 and travel 
~6.1 miles. Turn left onto National Forest Road 24 and travel 
~1.0 mile to prominent exposures on the east side of the road 
(UTM coordinates 321958E, 4894830N).

Stop 1-5. Middle Jurassic Snowshoe Formation along 
Wikiup Creek

The fi nal stop of the day is in Middle Jurassic turbidites 
of the Snowshoe Formation (Fig. 2), stratigraphically higher 
within megasequence 2. The Snowshoe Formation is mainly 
Middle Jurassic in age (Imlay, 1986) and is dominated by vol-
caniclastic turbidites such as those seen at this locality. Here, 
interbedded mudstone, siltstone and gray sandstone are char-
acteristic of the South Fork Member of the Snowshoe Forma-
tion (Smith, 1980). A weighted mean age of ca. 167 Ma for the 
youngest group of two or more detrital zircon grains overlap-
ping at 1-sigma for this locality suggests a depositional age at 
the Bathonian-Bajocian boundary, consistent with the biostrati-
graphic age of the South Fork Member (Smith, 1980; Imlay, 
1986; LaMaskin, 2009).

Detrital-zircon grains from this locality are both euhedral-
prismatic, clear-colorless and sub-rounded, pink to yellow 
grains. The sample includes ~64% Mesozoic, 5% Paleozoic, and 
31% Precambrian ages (Fig. 6B). Mesozoic-age zircons form 
a complex, multimodal age distribution with peaks and shoul-
ders in relative probability between 207 and 168 Ma. Abundant 
Mesoproterozoic grains defi ne peaks at ca. 1.46, 1.29, 1.15 and 
1.04 Ga. A Paleoproterozoic peak is present at ca. 1.84 Ga. 
Additional sandstone samples collected from megasequence-2 
turbidite sandstone of the Lonesome Formation yield detrital-
zircon ages similar to those found in the Snowshoe Formation 
(Fig. 6C). Precambrian grains are dominated by Neoproterozoic 
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and Mesoproterozoic ages with fewer Paleoproterozoic and only 
scattered Archean ages. A comparison of Precambrian detrital-
zircon ages from the Triassic Vester Formation to the Jurassic 
Snowshoe and Lonesome formations indicates the clear differ-
ence in provenance between outboard-derived sands (Vester 
Formation) and inboard-derived sands (Fig. 7; Snowshoe and 
Lonesome formations).

End of Day 1.

DAY 2

Directions to Stop 2-1

From John Day, drive east on E. Main Street/U.S.-26 and 
continue for 30.8 miles to the northeast. Turn left at National For-
est Development Road (NFD) 2600-437. Drive 1.2 miles. Turn 
right (north) on NFD 369. Drive 0.5 miles and park at intersec-
tion with NFD 352. Hike 0.15 miles N30°E to NFD 301 (UTM 
coordinates 370710E, 4932988N).

Stop 2-1. Basal Section of the Dixie Butte Meta-Andesite 
Complex

At this stop, we will examine the basal section of the Dixie 
Butte Meta-andesite (Fig. 8). The Dixie Butte Meta-andesite is 
exposed over >80 km2, making it one of the largest continuous 
volcanogenic complex in the Blue Mountains Province (Brooks 
et al., 1984; Ferns and Brooks, 1995). It consists of a lower 
sequence of tuffaceous sedimentary rocks and volcaniclastic 
breccias, and an upper sequence of fl ow rocks and subordinate 
volcaniclastic breccias and sills.

The basal portion of the Dixie Butte Meta-andesite is best 
exposed on Dad’s Creek (this stop) and consists of ~2000–
2200 ft of thick-bedded andesitic lithic tuff, lithic-clast volca-
niclastic breccia, tuffaceous sandstone, graphitic argillite, and 
pebble conglomerate. Dominant lithic clasts in the pebble con-
glomerates are trachytic basaltic andesite with subordinate dio-
rite, microdiorite, reworked lithic tuff, and fi ne-grained chert 
and argillite (Fig. 9A). Lithic clasts are subrounded to angular in 

0 500 1000 1500 2000 2500 3000

Lonesome Fm.
Sample 07016

n = 146

n = 68

1
3
5

200 300 400 500 600 700

1
3

900 1100 1300150017001900

n = 30

n = 43
0
3
6
9

12
15

160 180 200 220

162

181
189

285 422 545 635
577

1540 17401030
1140 1270

0 500 1000 1500 2000 2500 3000

Snowshoe Fm.
Sample 06135

n = 126

178

1457 1840
1150 1288

1040

n = 33

0
2
4
6

700 1100 1500 1900

Hyde Fm.
Sample 06152

n = 88
180

187

195

0

5

10

15

20

25

160 170 180 190 200 210 220 230 240 250
Age (Ma)

Age (Ma)

Age (Ma)

878

168
178

190

207

n = 81

0
2
4
6
8

10
12

160 180 200 220

195

~654

A B

C

Figure 6. Detrital-zircon age distributions from megas-
equence-2 rocks. (A) The Hyde Formation, Lower Ju-
rassic rocks at the base of megasequence 2. (B) The 
Snowshoe Formation, Middle Jurassic rocks within 
megasequence 2. (C) The Lonesome Formation, Mid-
dle to Upper(?) Jurassic rocks at the exposed top of 
megasequence 2. Data from LaMaskin (2009).



12 LaMaskin et al.

FLD015-09 1st pgs  page 12

shape. Volcanogenic sandstones locally display normally graded 
bedding. Argillites and fi ne- to medium-grained sandstones grade 
upsection into coarser, lithic-clast volcaniclastic breccias. These 
rocks are in turn overlain by volcanic fl ows and tuffs in the upper 
portion of Dixie Butte (e.g., Fig. 9B; see Stop 2-4).

The relationship between Dixie Butte Meta-andesite and 
older units (e.g., serpentinite-matrix mélange, Badger Creek 
unit [Upper Triassic–Permian]) is poorly understood. Nearby 
chert argillites similar to those found at the base of Dixie Butte 
(this stop) contain Wolfcampian (i.e., Late Permian) radiolarians 
which provide a maximum age for the Dixie Butte Meta-andesite 
complex. Middle to Late Jurassic plutons (Stop 2-2) intrude the 
Dixie Butte Meta-andesite. Together these relationships sug-
gest an age between Late Permian and Middle to Late Jurassic. 
Ongoing detrital zircon work and targeted U-Pb zircon dating of 
andesites are aimed at further constraining the age of the Dixie 
Butte Meta-andesite complex.

Directions to Stop 2-2

Backtrack to U.S.-26. Turn left and continue 2.1 miles 
northeast. Turn left at NFD 2610. Drive 150 feet and turn left 
at NFD 096. Continue 0.9 miles (UTM coordinates 372006E, 
4933394N).

Stop 2-2. Dixie Summit Pluton: 162 Ma, Low Sr/Y 
Magmatism

At this stop, we will examine the Dixie Summit pluton 
in the eastern portion of the Dixie Butte area (Fig. 8), where 
late Middle Jurassic plutonic rocks intrude serpentinite-matrix 

mélange and volcanic and related rocks of the Dixie Butte Meta-
andesite complex. The Dixie Summit pluton ranges in composi-
tion from gabbro to quartz diorite, and contains the following 
primary igneous mineral phases: clinopyroxene + plagioclase 
feldspar ± orthopyroxene ± zircon ± apatite. Ophitic texture is 
common in gabbroic and dioritic samples (e.g., Fig. 9C). The 
primary igneous minerals are extensively altered at and/or near 
dike and dikelet contacts by secondary minerals such as chlorite, 
calcite, albite, or actinolite.

Geochemically, the Dixie Summit plutonic rocks are met-
aluminous, magnesian, and calcic as defi ned by the classifi ca-
tion of Frost et al. (2001) and Frost and Frost (2008). They 
display high Al

2
O

3
 (>19 wt%), CaO (>10 wt%) and positive 

Eu anomalies suggestive of plagioclase accumulation. They 
also display slight light rare earth element (LREE) enrichment 
(La/Lu < 30) and low Sr/Y (<26) values. A diorite from this 
location yielded a Pb/U age of 162.0 ± 2.9 Ma (J. Schwartz, 
unpublished data).

Several features suggest a possible consanguineous rela-
tionship between the Dixie Summit pluton and the Dixie Butte 
Meta-andesite. Potential comagmatic relationships include: 
(1) the intrusion of 162 Ma gabbro-diorite of the Dixie Summit 
pluton into basaltic andesite; (2) fragments of gabbro, diorite, 
and microdiorite in lithic-clast volcaniclastic breccias through-
out the Dixie Butte Meta-andesite; (3) intrusion of fi ne-grained 
 plagioclase-phyric meta-andesites dikes and dikelets into the 
Dixie Summit pluton and other similar-age plutons at 161.6 ± 
2.0 Ma (J. Schwartz, unpublished data); and (4) complemen-
tary positive Eu anomalies in the Dixie Summit and negative 
Eu anomalies in the Dixie Butte Meta-andesite as well as other 
major-element and trace-element geochemical characteristics 
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suggestive of a cogenetic relationship (compare with Dixie Butte 
Meta-andesite geochemical data: Stop 2-4).

Other Middle to Late Jurassic plutons in the Dixie Butte area 
display similar geochemical characteristics to the Dixie Sum-
mit pluton (e.g., small plutons and plugs north of Dixie Creek); 
however, along Standard Creek, a Late Jurassic pluton dated at 
157.7 ± 1.5 Ma (Parker et al., 2008) displays ferroan and alkalic 
geochemical characteristics, suggestive of at least two distinct 
sources for Middle-Late Jurassic magmatism and/or differ-

ent modes of differentiation (open-versus closed-system) in the 
Dixie Butte area.

Directions to Stop 2-3

Backtrack to U.S.-26. Turn right and continue 9.0 miles 
southwest. In Prairie City, turn right at NW Johnson Avenue 
which becomes Dixie Creek Road. Continue 4.6 miles (UTM 
coordinates 364462E, 4931445N).
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Stop 2-3. Dixie Creek Pluton: 146 Ma High Sr/Y 
Magmatism

At this stop, we will examine the Dixie Creek pluton, 
which is characteristic of latest Jurassic (ca. 146 Ma) plutonism 
in the Greenhorn subterrane of the Baker terrane (see 146 Ma 
plutons in Fig. 3). The Dixie Creek pluton intrudes meta- 
volcanic rocks of the Dixie Butte Meta-andesite and Badger 
Creek metasedimentary unit (Ferns and Brooks, 1995), which 
contains  Permian–Late Triassic fauna (Brooks et al. 1984; Ferns 
and Brooks, 1995). The Dixie Creek pluton consists of biotite-
hornblende tonalite with minor K-feldspar and accessory zir-
con, sphene, and apatite (e.g., Fig. 9D). Graphic intergrowths of 
quartz and plagioclase are common in some rocks. Secondary 
(deuteric?) alteration of biotite to chlorite is typical, but minor, 
in samples of this plutonic unit.

In contrast to the 162–157 Ma plutons in the Dixie Butte 
area, the Dixie Creek pluton is more compositionally restricted 
(Figs. 4A and 4B), and much less affected by low-temperature 
(greenschist-facies) metamorphism. Dixie Creek plutonic rocks 
displays steeply fractionated REE patterns (Fig. 4C), lack Eu 
anomalies, and have elevated Sr concentrations and Sr/Y values 
(typically >600 ppm and >40, respectively; Fig. 4D). These fea-
tures are fundamentally distinct from the older, low Sr/Y 162–
157 Ma suite, and represent a change in the character of mag-
matism following regional contraction at 159–154 Ma (Schwartz 
and Snoke, 2008).

Directions to Stop 2-4

Drive 0.8 miles north along Dixie Creek Road until road 
forks. Park (UTM coordinates 365140E, 4932498).
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Figure 9. Photomicrographs of metavolcanic and plutonic rocks of the Dixie Butte area. (A) Crystal lithic-clast volcaniclastic breccia contains 
abundant angular to subrounded trachytic basaltic andesite clasts and detrital augite and plagioclase, with minor chert, graphitic argillite, ortho-
pyroxene, quartz, and carbonate grains. (B) Representative example of the Dixie Butte Meta-andesite fl ow rock displaying porphyritic texture 
consisting of large plagioclase phenocrysts in a fi ne-grained matrix of clinopyroxene and plagioclase microlites. (C) Dixie Summit diorite 
(ca. 162 Ma) displays ophitic texture with resorbed (?) plagioclase surrounded by clinopyroxene. (D) Dixie Creek biotite-hornblende tonalite 
(ca. 146 Ma) has seriate texture consisting of large plagioclase feldspar and quartz with minor hornblende and biotite.
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Stop 2-4. Volcanic Rocks of the Dixie Butte Meta-Andesite 
Complex

At this stop, we will examine representative volcanic rocks 
of the Dixie Butte Meta-andesite. This outcrop consists of tra-
chytic plagioclase-phyric basaltic andesite, and is characteristic 
of the upper section of the Dixie Butte Meta-andesite. Locally, 
the upper section consists of green to gray, plagioclase- and 
augite-phyric basaltic andesite and andesite fl ows, subordi-
nate volcaniclastic breccias, keratophyre, dark-gray basalt, and 
pale-green silicic fl ows and tuffs (Brooks et al., 1984; Ferns and 
Brooks, 1995). The primary igneous mineral phases of the vol-
canic rocks are plagioclase and augite ± orthopyroxene ± quartz 
(e.g., Fig. 9B). Vesicles are common in some rocks and are typi-
cally fi lled with calcite, quartz, and/or chlorite. No pillow struc-
tures have been observed. Alteration is typically less intense than 
other areas of the Greenhorn subterrane (e.g., Ferns and Brooks, 
1995) and is highly localized at the meter scale. Low-grade meta-
morphism of these rocks may be related to hydrothermal fl uid 
fl ow associated with Jurassic and/or Tertiary magmatism in the 
area (Mark Ferns, 2008, personal commun.). Alteration miner-
als include: chlorite + albite + calcite + actinolite. Flow rocks 
and volcaniclastic breccias in the upper section are intruded by 
fi ne-grained microgabbro and microdiorite sills and dikes with 
chilled margins. Andesitic and silicic dikes locally crosscut fl ows, 
sills, and tuffaceous rocks, as well as the late Middle Jurassic 
(ca. 162 Ma) plutonic rocks (see Stop 2-2). One such dike was 
dated at ca. 162 Ma (see Stop 2-2). No dikes have been are 
observed cross-cutting the 146-Ma high Sr/Y plutons.

Geochemically, volcanic rocks of the Dixie Butte Meta-
andesite range from ~53 to 56 wt% SiO

2
 and are characterized by 

high Al
2
O

3
 (16–22 wt%), CaO (6–10 wt%) and Y (16–27 ppm), 

Ni (70–190 ppm), and Cr (150–480 ppm) values, moderate TiO
2
 

(1.0–1.5 wt%) and MgO (3–9 wt%) values, and low Sr (<365 ppm), 
Nb (<9 ppm), Sr/Y (<16) and La/Lu (<40) values. Overall, these 
geochemical features are similar to late Middle Jurassic (162 Ma) 
plutons in the Dixie Butte area (e.g., Stop 2-2).

ACKNOWLEDGMENTS

Funding for our research in the Blue Mountains Province has 
been provided by the National Science Foundation to Dorsey 
(EAR-0537691), Vervoort (EAR-0537913), and Snoke and 
C.D. Frost (EAR-0711470). LaMaskin acknowledges grants 
from the Geological Society of America, Sigma Xi, and Uni-
versity of Oregon. Jim Wright (University of Georgia) provided 
additional data from the Lonesome Formation for use in Figure 
7. This manuscript benefi ted from constructive and insightful 
reviews by Cal Barnes, Mark Ferns, and the GSA editorial staff. 

REFERENCES CITED

Armstrong, R.L., Taubeneck, W.H., and Hales, P.O., 1977, Rb-Sr and K-Ar 
geochronometry of Mesozoic granitic rocks and their Sr isotopic com-

position, Oregon, Washington, and Idaho: Geological Society of Amer-
ica Bulletin, v. 88, p. 397–411, doi: 10.1130/0016-7606(1977)88<397:
RAKGOM>2.0.CO;2.

Ashley, R.P., 1995, Petrology and deformation history of the Burnt River Schist 
and associated plutonic rocks in the Burnt River Canyon area, northeast-
ern Oregon, in Vallier, T.L., and Brooks, H.C., eds., Geology of the Blue 
Mountains region of Oregon, Idaho, and Washington: Petrology and tec-
tonic evolution of pre-Tertiary rocks of the Blue Mountains region: U.S. 
Geological Survey Professional Paper 1438, p. 457–496.

Avé Lallemant, H.G., 1995, Pre-Cretaceous tectonic evolution of the Blue 
Mountains Province, northeastern Oregon, in Vallier, T.L., and Brooks, 
H.C., eds., Geology of the Blue Mountains region of Oregon, Idaho, and 
Washington: Petrology and tectonic evolution of pre-Tertiary rocks of the 
Blue Mountains region: U.S. Geological Survey Professional Paper 1438, 
p. 271–304.

Blome, C.D., 1984, Upper Triassic Radiolaria and Radiolarian zonation from 
western North America: Bulletins of American Paleontology, v. 85, 
p. 1–88.

Blome, C.D., Jones, D.L., Murchey, B.L., and Liniecki, M., 1986, Geologic 
implications of radiolarian-bearing Paleozoic and Mesozoic rocks from 
the Blue Mountains Province, eastern Oregon, in Vallier, T.L., and Brooks, 
H.C., eds., Geology of the Blue Mountains region of Oregon, Idaho, and 
Washington: Geologic implications of Paleozoic and Mesozoic paleontol-
ogy and biostratigraphy, Blue Mountains Province, Oregon and Idaho: 
U.S. Geological Survey Professional Paper 1435, p. 79–101.

Brooks, H.C., 1979, Geologic map of Huntington and part of Olds Ferry quad-
rangles, Oregon: State of Oregon, Oregon Department of Geology and 
Mineral Industries, Geologic Map Series, GMS-13, scale 1:62,500.

Brooks, H.C., and Vallier, T.L., 1978, Mesozoic rocks and tectonic evolution 
of eastern Oregon and western Idaho, in Howell, D.G., and McDou-
gall, K.A., eds., Mesozoic paleogeography of the western United States: 
Society of Economic Paleontologists and Mineralogists, Pacifi c Section, 
Paleogeography Symposium 2, p. 133–145.

Brooks, H.C., McIntyre, J.R., and Walker, G.W., 1976, Geology of the Oregon 
part of the Baker 1° X 2° quadrangle: State of Oregon, Oregon Depart-
ment of Geology and Mineral Industries, Geologic Map Series, GMS-7, 
scale 1:250,000.

Brooks, H.C., Ferns, M.L., and Avery, D.G., 1984, Geology and gold deposit 
map of the southwest quarter of the Bates Quadrangle, Grant County, 
Oregon: Oregon Department of Geology and Mineral Industries, 
GMS-35, scale 1:24,000.

Brown, C.E., and Thayer, T.P., 1966, Geologic map of the Canyon City 
quadrangle, northeastern Oregon: U.S. Geological Survey, Map I-447, 
scale 1:62,500.

Brown, C.E., and Thayer, T.P., 1977, Geologic map of pre-Tertiary rocks in the 
eastern Aldrich Mountains and adjacent areas to the south, Grant County, 
Oregon: U.S. Geological Survey, Miscellaneous Investigations Series 
I-1021, scale 1:62,500.

Carpenter, P.S., and Walker, N.W., 1992, Origin and tectonic signifi cance of 
the Aldrich Mountains serpentinite matrix mélange, northeastern Oregon: 
Tectonics, v. 11, p. 690–708, doi: 10.1029/91TC03013.

Dickinson, W.R., 1979, Mesozoic forearc basin in central Oregon: Geology, v. 7, 
p. 166–170, doi: 10.1130/0091-7613(1979)7<166:MFBICO>2.0.CO;2.

Dickinson, W.R., 2004, Evolution of the North American Cordillera: Annual 
Review of Earth and Planetary Sciences, v. 32, p. 13–45, doi: 10.1146/
annurev.earth.32.101802.120257.

Dickinson, W.R., and Gehrels, G.E., 2003, U-Pb ages of detrital zircons from 
Permian and Jurassic eolian sandstones of the Colorado Plateau, USA: 
Paleogeographic implications: Sedimentary Geology, v. 163, p. 29–66, 
doi: 10.1016/S0037-0738(03)00158-1.

Dickinson, W.R., and Gehrels, G.E., 2008, U-Pb ages of detrital zircons in rela-
tion to paleogeography; Triassic paleodrainage networks and sediment 
dispersal across southwest Laurentia: Journal of Sedimentary Research, 
v. 78, p. 745–764, doi: 10.2110/jsr.2008.088.

Dickinson, W.R., and Gehrels, G.E., 2009, U-Pb ages of detrital zircons in 
Jurassic eolian and associated sandstones of the Colorado Plateau: Evi-
dence for transcontinental dispersal and intraregional recycling of sedi-
ment: Geological Society of America Bulletin, v. 121, p. 408–433, doi: 
10.1130/B26406.1.

Dickinson, W.R., and Thayer, T.P., 1978, Paleogeographic and paleotectonic 
implications of Mesozoic stratigraphy and structure in the John Day inlier 
of central Oregon, in Howell, D.G., and McDougall, K.A., eds.,  Mesozoic 



16 LaMaskin et al.

FLD015-09 1st pgs  page 16

paleogeography of the western United States: Society of Economic Pale-
ontologists and Mineralogists, Pacifi c Section, Paleogeography Sympo-
sium 2, p. 147–161.

Dickinson, W.R., and Vigrass, L.W., 1965, Geology of the Suplee-Izee area, 
Crook, Grant, and Harney counties, Oregon: Oregon Department of Geol-
ogy and Mineral Industries Bulletin 58, 109 p.

Dickinson, W.R., Helmold, K.P., and Stein, J.A., 1979, Mesozoic lithic sandstones 
in central Oregon: Journal of Sedimentary Petrology, v. 49, p. 501–516.

Dorsey, R.J., and LaMaskin, T.A., 2007, Stratigraphic record of Triassic-
Jurassic collisional tectonics in the Blue Mountains Province, northeast-
ern Oregon: American Journal of Science, v. 307, p. 1167–1193, doi: 
10.2475/10.2007.03.

Dorsey, R.J., and LaMaskin, T.A., 2008, Mesozoic collision and accretion of 
oceanic terranes in the Blue Mountains Province of northeastern Oregon: 
New insights from the stratigraphic record, in Spencer, J.E., and Titley, 
S.R., eds., Circum-Pacifi c Tectonics, Geologic Evolution, and Ore depos-
its: Tucson, Arizona, Arizona Geological Society, Digest 22, p. 325–332.

Ferns, M.L., and Brooks, H.C., 1995, The Bourne and Greenhorn subterranes of the 
Baker terrane, northeastern Oregon: Implications for the evolution of the Blue 
Mountains island-arc system, in Vallier, T.L., and Brooks, H.C., eds., Geology 
of the Blue Mountains region of Oregon, Idaho, and Washington: Petrology 
and tectonic evolution of pre-Tertiary rocks of the Blue Mountains region: U.S. 
Geological Survey Professional Paper 1438, p. 331–358.

Ferns, M.L., Madin, I.P., and Taubeneck, W.H., 2001, Reconnaissance geologic 
map of the La Grande 30′ × 60′ quadrangle, Baker, Grant, Umatilla, and 
Union Counties, Oregon: Oregon Department of Geology and Mineral 
Industries Reconnaissance Map Series RMS-1, map scale 1:24,000, 52 p.

Frost, B.R., and Frost, C.D., 2008, A geochemical classifi cation for feldspathic 
igneous rocks: Journal of Petrology, v. 49, p. 1955–1969, doi: 10.1093/
petrology/egn054.

Frost, B.R., Barnes, C.G., Collins, W.J., Arculus, R.J., Ellis, D.J., and Frost, 
C.D., 2001, A geochemical classifi cation for granitic rocks: Journal of 
Petrology, v. 42, p. 2033–2048, doi: 10.1093/petrology/42.11.2033.

Getty, S.R., Selverstone, J., Wernicke, B.P., Jacobsen, S.B., and Aliberti, E., 
1993, Sm-Nd dating of multiple garnet growth events in an arc-continent 
collision zone, northwestern U.S. Cordillera: Contributions to Mineralogy 
and Petrology, v. 115, p. 45–57, doi: 10.1007/BF00712977.

Gray, K.D., and Oldow, J.S., 2005, Contrasting structural histories of the 
Salmon River belt and Wallowa terrane: Implications for terrane accre-
tion in northeastern Oregon and west-central Idaho: Geological Society of 
America Bulletin, v. 117, p. 687–706, doi: 10.1130/B25411.1.

Hamilton, W.B., 1963, Metamorphism in the Riggins region, western Idaho: 
U.S. Geological Survey Professional Paper 436, 95 p.

Harding, J.P., Gehrels, G.E., Harwood, D.S., and Girty, G.H., 2000, Detrital 
zircon geochronology of the Shoo Fly Complex, northern Sierra terrane, 
northeastern California in Soreghan, M.J., and Gehrels, G.E., eds., Paleo-
zoic and Triassic paleogeography and tectonics of western Nevada and 
northern California: Geological Society of America Special Paper 347, 
p. 43–55, doi: 10.1130/0-8137-2347-7.43.

Hendricksen, T.A., Skurla, S.J., and Field, C.W., 1972, K-Ar dates for plu-
tons from the Iron Mountain and Sturgill Peak areas of western Idaho: 
 Isochron-West, v. 5, p. 13–16.

Hotz, P.E., Lanphere, M.A., and Swanson, D.A., 1977, Triassic blueschist from 
northern California and north-central Oregon: Geology, v. 5, p. 659–663, 
doi: 10.1130/0091-7613(1977)5<659:TBFNCA>2.0.CO;2.

Imlay, R.W., 1986, Jurassic ammonites and biostratigraphy of eastern Oregon 
and western Idaho, in Vallier, T.L., and Brooks, H.C., eds., Geology of 
the Blue Mountains region of Oregon, Idaho, and Washington: Geologic 
implications of Paleozoic and Mesozoic paleontology and biostratigra-
phy, Blue Mountains Province, Oregon and Idaho: U.S. Geological Sur-
vey Professional Paper 1435, p. 53–57.

Johnson, K., and Barnes, C.G., 2002, Jurassic magmatism prior to and dur-
ing terrane accretion in the Blue Mountains province, NE Oregon [abs.]: 
Geological Society of America Abstracts with Programs, v. 34, no. 5, 
p. 21–22.

Johnson, K., Walton, C., Barnes, C.G., and Kistler, R.W., 1995, Time-dependent 
geochemical variations of Jurassic and Cretaceous plutons in the Blue 
Mountains, northeastern Oregon [abs.]: Geological Society of America 
Abstracts with Programs, v. 27, no. 6, p. 435.

Jones, D.L., Pessagno, E.A., Jr., Force, E.R., and Irwin, W.P., 1976, Jurassic 
radiolarian chert from near John Day, Oregon [abs.]: Geological Society 
of America Abstracts with Programs, v. 8, no. 3, p. 386.

Kays, M.A., Ferns, M.L., and Brooks, H.C., 1987, Metamorphism of Trias-
sic-Paleozoic belt rocks--A guide to fi eld and petrologic relations in the 
oceanic mélange, Klamath and Blue Mountains, California and Oregon: 
in Ernst, W.G., ed., Metamorphism and crustal evolution of the West-
ern United States (Rubey Volume VII): Englewood, Cliffs, New Jersey, 
 Prentice-Hall, p. 1098–1120.

Kays, M.A., Stimac, J.P., and Goebel, P.M., 2006, Permian-Jurassic growth and 
amalgamation of the Wallowa composite terrane, northeastern Oregon, in 
Snoke, A.W., and Barnes, C.G., eds., Geological studies in the Klamath Moun-
tains province, California and Oregon: A volume in honor of William P. Irwin: 
Geological Society of America Special Paper 410, p. 465–494.

LaMaskin, T.A., 2008, Late Triassic (Carnian-Norian) mixed volcaniclastic-
carbonate facies of the Olds Ferry terrane, eastern Oregon and western 
Idaho, in Blodgett, R., and Stanley, G., eds., The terrane puzzle: New per-
spectives on paleontology and stratigraphy from the North American Cor-
dillera: Geological Society of America, Special Paper 442, p. 251–267.

LaMaskin, T.A., 2009, Stratigraphy, Provenance, and Tectonic Evolution of 
Mesozoic Basins in the Blue Mountains Province, eastern Oregon and 
western Idaho [Ph.D. dissertation]: Eugene, Oregon, University of Ore-
gon, 232 p.

LaMaskin, T.A., Dorsey, R.J., and Vervoort, J.V., 2008, Tectonic controls on 
mudrock geochemistry, Mesozoic rocks of eastern Oregon and western 
Idaho, U.S.A.: Implications for Cordilleran tectonics: Journal of Sedi-
mentary Research, v. 78, p. 765–783, doi: 10.2110/jsr.2008.087.

Lee, R.G., 2004, The geochemistry, stable isotopic composition, and U-Pb 
geochronology of tonalite-trondhjemites within the accreted terrane, near 
Greer, north-central Idaho [M.S. thesis]: Pullman, Washington, Washing-
ton State University, 132 p.

Leeman, W.P., Avé Lallemant, H.G., Gerlach, D.C., Sutter, J.F., and Arculus, 
R.J., 1995, Petrology of the Canyon Mountain Complex, in Vallier, T.L., 
and Brooks, H.C., eds., Geology of the Blue Mountains region of Oregon, 
Idaho, and Washington: Petrology and Tectonic Evolution of pre-Tertiary 
Rocks of the Blue Mountains Region: U.S. Geological Survey, Profes-
sional Paper 1438, p. 1–43.

Lewis, R.S., 2002, Geologic maps of Nez Perce, Lewis, Idaho, Adams and 
Washington counties: Digital Atlas of Idaho: available from http://imnh
.isu.edu/digitalatlas/ (accessed 2004).

Lund, K., 2004, Geology of the Payette National Forest and vicinity, west-cen-
tral Idaho: U.S. Geological Survey Professional Paper 1666-A, -B, 89 p.

Manduca, C.A., Kuntz, M.A., and Silver, L.T., 1993, Emplacement and defor-
mation history of the western margin of the Idaho batholith near McCall: 
Infl uence of a major terrane boundary: Geological Society of America 
Bulletin, v. 105 p. 749–765, doi: 10.1130/0016-7606(1993)105<0749:
EADHOT>2.3.CO;2.

Mann, G.M., and Vallier, T.L., 2007, Mesozoic telescoping of island arc ter-
ranes and geologic evolution of the Cuddy Mountains region, western 
Idaho, in Kuntz, M.A., and Snee, L.W., eds., Geological Studies of the 
Salmon River Suture Zone and Adjoining Areas, West-Central Idaho 
and Eastern Oregon: U.S. Geological Survey, Professional Paper 1738, 
p. 123–162.

McClelland, W.C., and Oldow, J.S., 2007, Late Cretaceous truncation of the 
western Idaho shear zone in the central North American Cordillera: Geol-
ogy, v. 35, p. 723–726, doi: 10.1130/G23623A.1.

Parker, K.O., Schwartz, J.J., and Johnson, K., 2008, Petrology and age of Dixie 
Butte plutonic rocks, Blue Mountains, NE Oregon [abs.]: Geological 
Society of America Abstracts with Programs, v. 40, no. 6, p. 154–155.

Pessagno, E.A., and Blome, C.D., 1986, Faunal affi nities and tectonogenesis 
of Mesozoic rocks in the Blue Mountains province of eastern Oregon 
and western Idaho, in Vallier, T.L., and Brooks, H.C., eds., Geology of 
the Blue Mountains region of Oregon, Idaho, and Washington: Geologic 
implications of Paleozoic and Mesozoic paleontology and biostratigra-
phy, Blue Mountains province, Oregon and Idaho: U.S. Geological Sur-
vey Professional Paper 1435, p. 65–78.

Rahl, J.M., Reiners, P.W., Campbell, I.H., Nicolescu, S., and Allen, C.M., 
2003, Combined single-grain (U-Th)/He and U/Pb dating of detrital zir-
cons from the Navajo Sandstone, Utah: Geology, v. 31, p. 761–764, doi: 
10.1130/G19653.1.

Selverstone, J., Wernicke, B., and Aliberti, E.A., 1992, Intracontinental sub-
duction and hinged unroofi ng along the Salmon River suture zone, west 
central Idaho: Tectonics, v. 11, p. 124–144, doi: 10.1029/91TC02418.

Scherer, H.H., 2006, Field, geochronologic, and geochemical constraints on 
the early Mesozoic paleogeographic and tectonic evolution of the central 



 Blue Mountains Province, northeastern Oregon 17

FLD015-09 1st pgs page 17

Klamath Mountains, California [Ph.D. dissertation]: Palo Alto, Califor-
nia, Stanford University, 199 p.

Schwartz, J.J., and Snoke, A.W., 2008, Timing of tectonic juxtaposition of 
the bourne and Greenhorn subterranes, Baker terrane, northeast Oregon 
[abs.]: Geological Society of America Abstracts with Programs, v. 40, 
no. 6, p. 187.

Schwartz, J.J., Snoke, A.W., and Frost, C.D., 2006, Isotopic characteristics of 
the Baker terrane, NE Oregon: Implications for the relationship between 
the Bourne and Greenhorn subterranes [abs.]: Geological Society of 
America Abstracts with Programs, v. 38, no. 7, p. 449.

Schwartz, J.J., Snoke, A.W., Frost, C.D., Barnes, C.G., Gromet, L.P., and John-
son, K., 2010, Analysis of the Wallowa-Baker terrane boundary: Implica-
tions for tectonic accretion in the Blue Mountains province, northeastern 
Oregon: Geological Society of America Bulletin, doi: 10.1130/B26493.1 
(in press).

Silberling, N.J., Jones, D.L., Blake, M.C., Jr., and Howell, D.G., 1984, Litho-
tectonic terrane map of the western conterminous United States: U.S. 
Geological Survey Open-File Report 84-0523, p. C1–C43.

Smith, P.L., 1980, Correlation of the members of the Jurassic Snowshoe Forma-
tion in the Izee Basin of east-central Oregon: Canadian Journal of Earth 
Sciences, v. 17, p. 1603–1608.

Snee, L.W., Lund, K., Sutter, J.F., Balcer, D.E., and Evans, K.V., 1995, An 
40Ar/39Ar chronicle of the tectonic development of the Salmon River suture 
zone, western Idaho, in Vallier, T.L., and Brooks, H.C., eds., Geology of 
the Blue Mountains region of Oregon, Idaho, and Washington: Petrology 
and tectonic evolution of pre-Tertiary rocks of the Blue Mountains region: 
U.S. Geological Survey Professional Paper 1438, p. 359–414.

Thayer, T.P., and Brown, C.E., 1966, Geologic map of the Aldrich Mountain 
quadrangle, Grant County, Oregon: U.S. Geological Survey Geological 
Quadrangle Map GQ-438, scale 1:62,500.

Tumpane, K., Crowley, J., Schmitz, M., and Northrup, C.J., 2008, New geo-
chronological constraints on the deposition of the Huntington Formation, 
Olds Ferry terrane, and implications for the evolution of the Blue Moun-
tains Province [abs.]: Geological Society of America Abstracts with Pro-
grams, v. 40, no. 1, p. 47.

Unruh, D.M., Lund, K., Kuntz, M.A., and Snee, L.W., 2008, Uranium-lead zir-
con ages and Sr, Nd, and Pb isotope geochemistry of selected plutonic 
rocks from western Idaho: U.S. Geological Survey Open-File Report 
2008-1142, 37 p.

Vallier, T.L., 1977, The Permian and Triassic Seven Devils Group, western 
Idaho and northeast Oregon: U.S. Geological Survey Bulletin 1437, 58 p.

Vallier, T.L., 1995, Petrology of pre-Tertiary igneous rocks in the Blue Moun-
tains region of Oregon, Idaho, and Washington: implications for the 
geologic evolution of a complex island arc, in Vallier, T.L., and Brooks, 
H.C., eds., Geology of the Blue Mountains region of Oregon, Idaho, and 
Washington: Petrology and tectonic evolution of pre-Tertiary rocks of the 
Blue Mountains region: U.S. Geological Survey Professional Paper 1438, 
p. 125–209.

Vallier, T.L., 1998, Islands and Rapids: A geologic story of Hells Canyon: Lew-
iston, Idaho, Confl uence Press, Lewis-Clark State College, 151 p.

Walker, G.W., and MacLeod, N.S., 1991, Geologic map of Oregon: U.S. Geo-
logical Survey, scale 1:500,000, 2 sheets.

Walker, N.W., 1986, U/Pb geochronologic and petrologic studies in the Blue 
Mountains terrane, northeastern Oregon and westernmost-central Idaho: 
Implications for pre-Tertiary tectonic evolution [Ph.D. dissertation]: 
Santa Barbara, University of California, 224 p.

Walker, N.W., 1989, Early Cretaceous initiation of post-tectonic plutonism and 
the age of the Connor Creek fault, northeastern Oregon [abs.]: Geological 
Society of America Abstracts with Programs, v. 21, no. 5, p. 155.

Walker, N.W., 1995, Tectonic implications of U-Pb zircon ages of the Can-
yon Mountain complex, Sparta complex, and related metaplutonic rocks 
of the Baker terrane, northeastern Oregon, in Vallier, T.L., and Brooks, 
H.C., eds., Geology of the Blue Mountains region of Oregon, Idaho, and 
Washington: Petrology and tectonic evolution of pre-Tertiary rocks of the 
Blue Mountains region: U.S. Geological Survey Professional Paper 1438, 
p. 247–269.

White, J.D.L., White, D.L., Vallier, T.L., Stanley, G.D., Jr., and Ash, S.R., 1992, Mid-
dle Jurassic strata link Wallowa, Olds Ferry, and Izee terranes in the accreted 
Blue Mountains island arc, northeastern Oregon: Geology, v. 20, p. 729–732, 
doi: 10.1130/0091-7613(1992)020<0729:MJSLWO>2.3.CO;2.

Wilson, D., and Cox, A., 1980, Paleomagnetic evidence for tectonic rotation of 
Jurassic plutons in Blue Mountains, eastern Oregon: Journal of Geophysi-
cal Research, v. 85, p. 3681–3689, doi: 10.1029/JB085iB07p03681.

Wyld, S.J., 2002, Structural evolution of a Mesozoic backarc fold-and-
thrust belt in the U.S. Cordillera: new evidence from northern Nevada: 
Geological Society of America Bulletin, v. 114, p. 1452–1468, doi: 
10.1130/0016-7606(2002)114<1452:SEOAMB>2.0.CO;2.

Wyld, S.J., and Wright, J.E., 2001, New evidence for Cretaceous strike-slip 
faulting in the United States Cordillera and implications for terrane-
displacement, deformation patterns, and plutonism: American Journal of 
Science, v. 301, p. 150–181, doi: 10.2475/ajs.301.2.150.

Wyld, S.J., Quinn, M.J., and Wright, J.E., 1996, Anomalous(?) Early Jurassic defor-
mation in the western United States Cordillera: Geology, v. 24, p. 1037–1040, 
doi: 10.1130/0091-7613(1996)024<1037:AEJDIT>2.3.CO;2.

Wyld, S.J., Rogers, J.W., and Copeland, P., 2003, Metamorphic evolution of 
the Luning-Fencemaker fold-thrust belt, Nevada: illite crystallinity, meta-
morphic petrology, and 40Ar/39Ar geochronology: The Journal of Geology, 
v. 111, p. 17–38, doi: 10.1086/344663.

Yeh, K.Y., 1989, Studies of Radiolaria from Fields Creek Formation, east-
central Oregon, U.S.A.: National Museum of Natural Science, Taiwan, 
Bulletin no. 1, p. 43–109.

MANUSCRIPT ACCEPTED BY THE SOCIETY 26 JUNE 2009

Printed in the USA



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


