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=metabasalt,  =metagabbro, =metaclinopyroxenite,
=meta-argillite, =metachert, =metaperidotite. The metaserpentinite is fine-

grained consisting of a compact aggregate of serpentine-group minerals plus iron oxides; it ranges in
color from dark green to blue-black to black, and some weathered outcrops are orangish red. The 
metaserpentinite can form blocky outcrops with angular fractures, but it also forms low, strongly foliated
exposures, which can be subjected to mass movement (landslides). In the contact aureole of intrusive 
plutons, the mineral assemblage chiefly consists of talc + tremolite + olivine + serpentine-group 
minerals. Contacts between metaserpentinite and the intrusive ultramafic-mafic complex are 
delineated by chloritic blackwall with a mineral assemblage chiefly consisting of chlorite + tremolite.
In Clear Creek, metarodingite and an ~1-meter-thick zone of talc schist was found along the intrusive
contact between metaserpentinite wall rock and granitic rocks of the Red Hill Creek pluton.

JTrsv

Extent of the dynamothermal aureole associated with the Bear 
Peak intrusive complex

0

Jhgd

Biotite metamorphic isograd based on visible biotite in 
metapelitic rocks, dashed where inferred

80808
3656

80088
3366656

4

65556565

44

Geological Society of America Special Paper 410
Geological Studies in the Klamath Mountains Province, California and Oregon: 
A Volume in Honor of William P. Irwin
Edited by Arthur W. Snoke and Calvin G. Barnes

Plate 1. Geologic map of the Bear Peak intrusive complex, Siskiyou County, California.

From Chapter 16, “Structural and petrologic evolution of the Bear Peak intrusive 
complex, Klamath Mountains, California,” by Rory R. McFadden, Arthur W. Snoke, 
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Description of map units
Quaternary landslide -- Mass movement deposit characterized by irregular
topography and complex drainage network. Large arrows indicate approximate
direction of movement.

Red Hill Creek pluton (undivided) -- Generally massive, equigranular, coarse-
grained biotite trondhjemite, tonalite, and granodiorite.  These intrusive plutonic rocks
consist of plagioclase, quartz, biotite, and subordinate alkali feldspar. 
Quartz accounts for approximately 25-45% modal percent of the granitic rocks of the 
Red Hill Creek pluton; color index ranges from 10-20. The Red Hill Creek pluton is 
significantly more quartzo-feldspathic than the adjacent Bear Peak intrusive complex.  
North-northwest-striking dikes, which intrude the granitic rocks, are fine-grained 
mafic rocks (microdiorite to microgabbro), fine- to medium-grained biotite + hornblende
gabbro, and aplite/pegmatite.  Xenoliths of clinopyroxenite and cognate inclusions of mafic 
microdiorite occur in the Red Hill Creek pluton. Also, dikes and small masses of fine-grained
gabbro, characterized by scattered hornblende phenocrysts and a groundmass consisting 
of hornblende + plagioclase + clinopyroxene intrude the pluton.

Bear Peak intrusive complex (Late Jurassic)

Biotite tonalite and granodiorite -- Eguigranular, medium-grained biotite
+/- hornblende tonalite and granodiorite with the modal alkali feldspar varying from 
5-15%.  This rock unit is generally homogeneous and weathers yellow; the color index ranges
from 10-30. The unit is generally massive, but a magmatic fabric defined by oriented
biotite plates is evident at some localities. Mafic microdiorite cognate inclusions as well as wall-
rock enclaves of migmatitic amphibolite occur in this unit, and locally there are mingling
relationships with synplutonic gabbroic dikes.

Quartz diorite -- Medium-grained, equigranular biotite + hornblende quartz
diorite with a color index range from 30-50.  The quartz diorite commonly contains a 
magmatic to submagmatic foliation defined by tabular plagioclase and prismatic hornblende
grains. There is a range in fabric development from massive (nonfoliated) to strongly foliated, 
whereas a moderately developed magmatic foliation is typical. Lineation in the plane of 
foliation was not observed in outcrop, hand sample, or under the microscope.  Biotite + 
hornblende microgabbro cognate inclusions are found throughout the quartz diorite unit.
These inclusions are commonly flattened parallel to the plane of foliation and thus form
rounded to subrounded oblate shapes. Synplutonic gabbroic dikes intrude the quartz diorite
and mingling relationships are common.  At  intrusive contacts with wall-rock enclaves of 
migmatitic amphibolite, complex melting and injection relationships are conspicuous.
Schlieren are locally present but scarce.

Hornblende gabbro -- Texturally and mineralogically heterogeneous hornblende gabbro that 
varies from medium-grained to pegmatitic. Rock types that are part of this unit include medium- 
to coarse-grained hornblende gabbro,  hornblende + clinopyroxene gabbro porphyry, pegmatitic 
hornblende gabbro, and medium-grained pyroxene-hornblende gabbro.  All these rock types are 
massive, and the medium- to coarse-grained hornblende gabbro is the most common rock type in 
the unit.  This rock type is massive, equigranular with subhedral to euhedral hornblende grains and
commonly a high color index of ~80.  Plagioclase-rich, leucocratic segregations and dikes are 
common throughout the hornblende gabbro unit.  In pegmatitic rocks, hornblende crystals can reach 
up to 4 cm in length.  In the fine-grained gabbroic rocks, hornblende and less common clinopyroxene 
phenocrysts only are ~1cm in length. 

Ultramafic-mafic complex of Clear Creek -- Coarse-grained hornblende (+/- olivine) clinopyroxenite, 
hornblendite, and hornblende melagabbro.  The predominant mineral assemblage is 
clinopyroxene + hornblende +/- olivine + plagioclase + accessory sphene.  Hornblende and 
clinopyroxene sometimes occur as oikocrysts, which can reach up to 6 cm in length. 
Plagioclase occurs as an interstitial mineral phase between the mafic grains. Medium-grained
hornblende diorite, which commonly forms an intrusive breccia in regard to the host 
ultramafic rock, is also a component of this unit. Also, mafic and felsic dikes with no strong 
preferred strike orientation and variable in texture, are common within this unit. Hornblendite
contains enclaves of hornblende clinopyroxenite, whereas the dioritic intrusive breccia 
contains enclaves of hornblende clinopyroxenite and hornblendite. The hornblendite grades
into hornblende melagabbro with the incoming of interstitial calcic plagioclase. Angular to 
subangular enclaves of metaserpentinite are found throughout the complex and range in size from
centimeter scale to outcrop scale.

 Galice Formation (Late Jurassic) -- Light gray to medium-gray metagraywacke interlayered
with black slate (original mudstone). The metagraywacke is predominantly chert-clast lithic
wacke with quartz and plagioclase grains, and is in Textural Zone 2 or 2+ in regard to overall 
fabric development. Bedding is locally preserved, but transposed by a pervasive cleavage (S1)
related to close to isoclinal folding and synchronous pressure solution. Contact-metamorphosed
Galice Formation occurs near the northeast contact of the Bear Peak intrusive complex and indicates 
that the complex intruded lower-plate rocks of the regionally extensive Orleans thrust fault (i.e., 
boundary between the upper-plate Rattlesnake Creek terrane and lower-plate Western Klamath
terrane [i.e., Smith River subterrane]). This superposed thermal metamorphism is manifested by
chloritoid and scarce andalusite (chiastolite variety) porphyroblasts in rocks of the Galice 
Formation,  which typically only contain lower greeschist-facies mineral assemblages, including
chlorite and white mica.

Western Klamath terrane (Smith River subterrane)

Rattlesnake Creek terrane (Triassic--Early Jurassic?)

Migmatitic amphibolite -- Metabasitic rock that has experienced partial melting as
manifested by the association of leucosome with mafic (amphibolitic) melanosome. 
Original protolith was a mafic metavolcaniclastic rock (part of the Rattlesnake Creek
terrane). The migmatitic amphibolite commonly contains biotite thereby suggesting a 
higher than normal potash content for the metabasitic protolith. The overall texture of 
this unit is heterogeneous, and the percent of  leucosome is variable. Mingling with the 
quartz diorite of Bear Lake is apparent in the cirque of Bear Lake.

Metasedimentary and metavolcaniclastic rocks -- Metasedimentary rocks include
metachert, siliceous meta-argillite, and slaty meta-argillite. The siliceous meta-argillite 
fractures unevenly, whereas the slaty meta-argillite commonly breaks parallel to foliation.
Metavolcaniclastic rocks form blocky outcrops and commonly weather yellow. These 
metavolcaniclastic rocks range from siliceous to mafic metavolcaniclastic rocks. The
metavolcaniclastic and metsedimentary rocks have been regionally metamorphosed
under lower greenschist-facies conditions. This rock unit is interpreted as a coherent
"cover sequence" unconformably deposited upon the melange of the lower part of 
the Rattlesnake Creek terrane.

Metasedimentary rocks -- Interlayered metachert, meta-argillite, siliceous meta-
argillite, and slaty meta-argillite.  Orange and/or gray weathering is diagnostic. Slaty 
meta-argillite typically breaks parallel to foliation, whereas siliceous meta-argillites
fracture unevenly.  Megascopic biotite, hornfelsic textures, crystal-plastic deformation, 
and/or scarce microporphyroblastic chloritoid, cordierite, and andalusite are characteristic
features of the contact aureole manifested in this rock unit, which surrounds the Bear Peak
intrusive complex. This rock unit may be a large composite block within the melange of the
Rattlesnake Creek terrane; or alternatively, it may be part of the originally overlying "cover 
sequence" subsequently down-faulted into the melange. 

Ultramafic rocks -- Serpentinite-matrix melange with blocks of metabasalt, metachert, meta-
argillite, metagabbro, metaclinopyroxenite, and metaperidotie.  Individual local blocks are 
delineated by the following symbols: 

Hornblende gabbro dikes -- Fine- to medium-grained hornblende
+/- biotite gabbro. Hornblende gabbro dikes strike nortwest-southeast and are synplutonic; 
they also intrude the quartz diorite and biotite tonalite and granodiorite. These mafic 
dikes are likely related to a widespread regional magmatic event.
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Whole-rock geochemical data for the Bear Peak intrusive complex
map ID # Sample ID UTM (E) UTM (N) rock unit major trace REE

1 BP18 0451840 4615294 Jqd x x
2 BP25 0450349 4615622 Jqd x x
3 BP25B 0450349 4615622 Jqd x x
4 BP54 0452090 4614527 Jqd x x
5 *BP188 0451560 4615198 Jqd x x x
6 *BP188 0451560 4615198 Jqd x x
7 BP251 0451025 4615392 Jqd x x
8 BP253 0451058 4615596 Jqd x x x
9 *BP288 0450973 4615511 Jqd x x

10 BP348A 0453980 4620169 Jqd-dike x x x
11 *BP588A 0451582 4615552 Jqd x x
12 *BP588B 0451582 4615552 Jqd x x
13 BP184 0452164 4615565 Jbt x x
14 BP279 0451840 4615630 Jbt x x x
15 BP288 0452067 4615849 Jbt x x x
16 BP291 0451631 4615760 Jbt x x
17 BP363 0452075 4615102 Jbt x x
18 BP365 0452154 4615075 Jbt x x
19 *BP488 0451440 4615618 Jbt-dike x x x
20 BP14 0452348 4615193 Jhg x x
21 BP258 0451079 4615869 Jhg-dike x x
22 BP348B 0453980 4620169 Jhg-dike x x
23 BP350A 0452258 4615285 Jhg x x
24 BP350B 0452258 4615285 Jhg x x x
25 BP357 0452237 4615639 Jhg-dike x x x
26 BP382 0451602 4615507 Jhg x x
27 *BP788 0453134 4614778 Jhg x x
28 *BP1188 0455220 4620099 Jumc x x x
29 BP4 0453417 4619935 Jumc x x
30 *BP988A 0454727 4620392 Jumc x x
31 *BP1088 0455016 4620354 Jumc x x
32 BP404 0453867 4616436 um x x
33 BP340A 0451621 4620068 Jrhc x x x
34 BP340B 0451621 4620068 Jrhc x x
35 BP341A 0451520 4619985 Jrhc x x
36 BP428 0451329 4619576 Jrhc x x
37 BP430A 0450890 4619712 Jrhc x x x
38 BP430C 0450890 4619712 Jrhc x x

*samples collected by C.G. Barnes
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