U.S. Department of the Interior

National Park Service

Natural Resource Stewardship and Science Directorate
Geologic Resources Division

Whiskeytown National Recreation Area

GRI Ancillary Map Information Document

Produced to accompany the Geologic Resources Inventory (GRI) Digital Geologic
Data for Whiskeytown National Recreation Area

whis_geology.pdf

Version: 9/24/2018




I Whiskeytown National Recreation Area

Geologic Resources Inventory Map Document for
Whiskeytown National Recreation Area

Table of Contents

Geologic Resources Inventory Map DOCUMENT.........coiiiiiiiiiie st e e ss e e e e e nrenee e e e 1
About the NPS Geologic Resources INVentory Program .........ccceueeeiiiiieiniiiee s 3
GRI Digital Maps and Source Map CitatiOoNS.........ceiiii it aareeee e e 5
[LaTe =g Y =T o R PP PR UPPUUPRRRURIN 6
Y= Vo T LoV 3 SRR 7
Map UNit DESCIIPLIONS......ueiiiiieie et s e e e e e s e e e e e e s nnnnanees .. 9
Qaf - Artifical fill (Recent)..........cccccvvenes
Qcl - Soil, talus and SIOPE WASH (RECENL)........uiieiiiieeiie et e e see e e st e et ee e s te e e s saaeeessteeessaeeessaeeeansaeeesnneaeaseeeannseeens 9
Qal - Sand and gravel in stream DEedS (RECENL)........cciiuiiiiiiie e erie et et e e e e s e e s e e sst e e e sraaeeensaeeesnneeeenseeeennneeens 9
Qls - Landslide deposits (Recent)... .9
(@ o IS - U o IF= U o o = 1Y 7= I (=T o<1 | SOOI 9
Qrb - Red BIUff fOrmMation (PIEISTOCENE)........cccuiieiiiieesiiee et e sttt et e e st e e et e e e st eessaaee e s s teeesssaeeessaeeeansaeeesnnaneeseeeannseeens 9
Kc - Chico formation (Upper Cretaceous)..............
KJbp - Birdseye porphyry (CretaCe0US OF JUIASSIC)....uuueeiuureeiieeeiiieeesieeessteeesssseseassseesssseeesssseesssesssssseessssseesnssessssees

KJhb - Hornblendite (CretaCEOUS OF JUTASSIC)....ccuuureiiurreeiurteesieeestieeestseeesseeeeessseseasseeesssseesssssssesssesssnsseessssseesnsseesssens
KJgp - Quartz porphyry (Cretaceous or Jurassic)..
KJapd - Aplite dike (CretaCEOUS OF JUTASSIC) ...uieiurureiiurreeiiueeeesieeessteeessseeesseseeessseseasseeesssseesssssseesssesesssseessssseesnsseessnsenes
KImg - Metagabbro (CretaCOUS OF JUIASSIC).......uueiiirreeiurreeiieeestieeesteeeessteeesssseseasseesssseessssseeesssesesnsseessssseesnssessssses
KJlp - Lamprophyre (Cretaceous or Jurassic)........
KJap - Andesite porphyry (CretaCe0OUS OF JUFASSIC).....uueeiuureeireeeiiieeesreeesstreessseseasseeesssseesssssseesssesssssseessssesesnsseessnsees
KJad - Felsic dike rocks (CretaCBOUS OF JUMASSIC) ....icuvreeiurreerireeeitieeesieeeessteeesssseseaseeesssseeessssssesssesesssseesssseesnssesssseees
KJbqgd - Shasta Bally batholith (Cretaceous or Jurassic)
KJbhgd - Shasta Bally batholith, granodiorite and diorite (Cretaceous or Jurassic)
KJbqgd - Shasta Bally batholith, coarse granodiorite and diorite (Cretaceous or JurassicC).............cccccveeevveeeenn.nn. 11
KJbqgd1l - Shasta Bally batholith, fine granodiorite and diorite (Cretaceous or Jurassic)...
KJgn - Gneiss and amphibolite (CretaCe0oUS OF JUTASSIC).......ccueeeiuireeriiiesiiiieesieeeesieeeesteeesseeeessreeessaeeessnneesnsseeesnseeas
KJin - Injected rocks and breccia (CretaCeoUS OF JUFASSIC) ......uveeiuureeirireeiireeesieeeasteeessteeesseeeessseessssseeessseeesnsseesssees
KJp - Peridotite (Cretaceous or Jurassic)..
MUIE IMOUNTAIN STOCK ...ttt etttk et b e h e bt e e hb et eea bttt e bt et e nbe e e h e e nbe e eabeeateenabeenbeennees
KJag - Mule Mountain stock, trondjemite (CretaCouS OF JUFASSIC)............ceeioeeeeeee e e eeeeeeeeeeeeeeeeeeeeeeeeeeaneeeeann
KJagl - Mule Mountain stock, siliceous, pseudoporphyritic albite granite (Cretaceous or Jurassic)....
KJbr - Mule Mountain stock, intrusive breccia (CretaCeous OF JUFASSIC)...........c.cocueeeeeeeeeeeeeeeeeeeeeeeeeeeeeesreeseneeens
KJdb - Diabase (CretaCOUS OF JUFASSIC).....cuuueeiurereiiurreeiureeassreeessaeeasssesessseeassssseasseesssseesssssseesssesssnsseessssseesnsseessnseees
Mbp - Phyllite derived from Bragdon Formation (Mississippian)..
Mbu - Bragdon Formation, upper unit (MiSSISSIPPIAN)........uuteiiueeeiiieeesiieesieeeesaeeessieeessteeesseeeessseeessaeeessseeesnsseessnsees
Mbl - Bragdon Formation, lower unit (MiSSISSIPPIAN).......ccuutiiiiieeiiiee et e ssieeeesaeeesteeessteeessseeeessbeeessaeeessseeesnsseeesnneeas
Mbc - Bragdon Formation, conglomerate bed in lower unit (Mississippian)..
Mbds - Bragdon formation, shale and siltstone (MiSSISSIPPIAN) .......uveeiiireiiiieeiiieeeeeeeseeesrereeseeessaeeesraeeesnsaeeesnneeas
Mbdc - Bragdon formation, conglomerate, sandstone and grit (MiSSISSIPPIAN).......ccvveririreeiiireerieeesireeseeesneeee e
Mbd - Bragdon formation, black siliceous shale (Mississippian)..
Dk - Kennett formation, chert and shale (DEVONIAN)..........c.uviiiiieeiiieeeiiieessieeesee e e e et eesneeeessbeeessaeeessseeesnsaeeesnneeas
Dkl - Kennett formation limestone (DEVONIAN)..........ciiuieeiuiieeiieeesiieeesieeeessteeeesseeeeateeesssteeessseeeasseeesnsaeesssseeesnsseesssees
Dkt - Kennett formation tuffaceous sedimentary rock (Devonian)....
Dbc - Balaklala rhyolite, coarse phenochryst rhyolite (DEVONIAN)..........uiiiiuiieeiiieeeiieeeeeeesrer e see e ssae e e eesnraeeesnneeas
Dbcp - Balaklala rhyolite, coarse phenochryst rhyolite and volcanic breccia (Devonian)...............ccccccoevveveen..n.

2018 NPS Geologic Resources Inventory Program



Dbct - Balaklala rhyolite, coarse phenochryst rhyolite, tuff and tuffaceous sedimentary rock (Devonian)

Dbm - Balaklala rhyolite, medium phenochryst rhyolite (DEVONIAN)..........cccviiiiiiieiiiee e
Dbmp - Balaklala rhyolite, medium phenochryst rhyolite and volcanic breccia (Devonian)...............ccccccceveeee....
Dbmt - Balaklala rhyolite, medium phenochryst rhyolite, tuff and tuffaceous sedimentary rock (Devonian)....... 15
Dbmg - Balaklala rhyolite, medium phenochryst rhyolite and greenstone (Devonian).............c.cccccoceeveveeeeeenenn. 16
Dbmgp - Balaklala rhyolite, medium phenochryst rhyolite and greenstone pyroclastic rock (Devonian)............ 16

Db - Balaklala rhyolite, nonporphyritic rhyolite (DEVONIAN)..........cccuiiiiiiieiiiie et
Dbp - Balaklala rhyolite, nonporphyritic rhyolite and volcanic breccia (Devonian)

Dbt - Balaklala rhyolite, nonporphyritic rhyolite, tuff and tuffaceous sedimentary rock (Devonian)..................... 16

Dbg - Balaklala rhyolite, nonporphyritic rhyolite and greenstone (Devonian)
Dbgp - Balaklala rhyolite, nonporphyritic rhyolite and greenstone pyroclastic rock (Devonian)

(0] o113 Vo [ (=T=T 0y (o o 1= TR P PP PPPPPPPPPPPPPTOR
Dc - Copley greenstone, keratophyre, spilite and metaandesite (Devonian?).....
Dcp - Copley greenstone, pyroclastic rock (DEVONMIAN?) ............c..ccveceiueiieeieeiece et eeean 17
Dct - Copley greenstone tuff, shaley tuff and shale (Devonian?)...........ccccuiveoe e e 17
Dcs1 - Copley greenstone, shale, shaley tuff and sandstone (Devonian?)
Dcs2 - Copley greenstone, greenstone tuff, rhyolite tuff and greenstone breccia (Devonian?)................c......... 18
Dcg - Copley greenstone, gneiss and migmatite (DeVONIANT)............oooiie i e e eeee e e e e e e eeee e 18
Sch - Abrams mica schist and Salmon(?) hornblende schist, undifferentiated (pre-Silurian)

(CT=To) [oTo [ Tol O fo LT I0S =T ot £ o] o 1= TSP PPRUPPRRRIN
CrOSS SECLON A-Al. .ttt a ekttt e bt e ob et eh st e b et eh et e bt eh bt e ke e h et oAbt e bt R et e b et et e b ea bt e bt e ea b e neenbee e 19
CrOSS SECLON B-B'.... ..ottt b et b e a e bt eh bttt ea bt et e e h et oAbt e e bt e e et e e eh et ea bt e bt e bt et e e e b e b e niee e 19
(O30 TRt io] o I O O PP U ST PPPVROPROPRN 19
(O (0TSSR Tox 11 o T I =T =Y o o SRRSO 20
CrOSS SECLON D-D'....eiietteie ettt h et b e eh e bt ea et ea bt et e ekt oAbt e b et e R bt e b et ea e bt bt et e e a b b e nree e 20

GRI Ancillary Source Map INformation...........occuiiiiiiie e 21
(GRS A U 1=T (T PRSPPI 21

Correlation Of MAP UNIES.............c.ooiiiiiieieectee ettt ettt ettt ae st e st et e s teete et e s esseseeaestensenseseeresreans 21

MED LEOENG.........cuiiiiitiictet ettt ettt et et sttt e et ese et e b e s e b ese s s e s e s e e b e s et e s e s e b eb et e s et et e ae s s se et ae e s ene it s 23

L= o 4 OSSR 24

USGS Professional Paper 285...........ooiiiiiiieeie ettt ettt ettt sh ettt 25
Correlation Of MAP UNIES............c.c.oiiieiiietiieete ettt ettt s bt st b e s et ebe e s e se s s eae e eseseesese e eseseseneseas 25

MED LEOENG.........uiiiiiiiictee ettt se et s bt e et ese et e b e st b e s e e e s e s e e b e s et e s e s e b es et e s e s et ae s st et eae e s ene e e 26

R DOt ettt ettt b et ebeea e aeeheeaeeabe st e beeheenbeeaeeae e beeteenteeaeeaeeeteeteerearean 27

GRI Digital Data CredilS. ... ettt e e e e e e e bbb e e e e e e e s sabbb b e e e e e e e e e annbeneeeaens 28

2018 NPS Geologic Resources Inventory Program
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Geologic Resources Inventory Map Document

Whiskeytown National Recreation
Area,
California

Document to Accompany
Digital Geologic-GIS Data

whis_geology.pdf
Version: 9/24/2018

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Whiskeytown National Recreation Area, California
(WHIS).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program — A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Maps and Source Citations — A listing of all GRI digital geologic-GIS maps produced
for this project along with sources used in their completion. In addition, a brief explanation of how
each source map was used is provided.

3) Map Unit List — A listing of all geologic map units present on maps for this project, generally listed
from youngest to oldest.

4) Map Unit Descriptions — Descriptions for all geologic map units. If a unit is present on multiple
source maps the unit is listed with its source geologic unit symbol, unit name and unit age followed
by the unit's description for each source map.

5) Geologic Cross Sections — Geologic cross section graphics with source geologic cross section
abbreviations.

6) Ancillary Source Map Information — Additional source map information presented by source map.
For each source map this includes a stratigraphic column, map legend and report.

7) GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.
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For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara

Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523

phone: (970) 491-6655

e-mail: stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological
(plants and animals) components of the earth is vital to understanding, managing, and protecting
natural resources. The Geologic Resources Inventory (GRI) helps make this connection by providing
information on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and
shoreline change. Geologic features include mountains, canyons, natural arches and bridges,
minerals, rocks, fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.

The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed
management decisions.

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute
field codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGlSDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports
present a brief geologic history of the park and address specific properties of geologic units present in
the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site
visit the GRI publications webpage: http://go.nps.gov/gri_products

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate
park(s), enter “GRI” as a Search Text term, and then select the Search Button.
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For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
www.nps.gov/subjects/geology/gri.htm, or contact:

Jason Kenworthy

Inventory Report Coordinator

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 987-6923

fax: (303) 987-6792

email: Jason _Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (I&M) Division.
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps for Whiskeytown National Recreation Area, California (WHIS) are
listed below. Two primary maps are first listed. Together these two maps cover all of Whiskeytown
National Recreation Area, as well as the surrounding area. Source maps used for each map are also
listed as is how these source maps were used.

Digital Geologic-GIS Map of the French Gulch 15' Quadrangle, California (GRI MapCode FREG)
Albers, John P., 1964, Geology of the French Gulch Quadrangle, Shasta and Trinity Counties,

California: U.S. Geological Survey, Bulletin 1141-J, scale 1:62,500 (Erench Gulch 15' Quadrangle
). (GRI Source Map ID 2962).

The full extent of plate 1 from this source was used and all geologic features present on the plate
including all mine area features (e.g., tailings piles) were captured. In addition, prominent map
components (e.g., unit descriptions, cross sections) present on the plate, as well as the publication
report, were also incorporated into this GRI digital geologic-GIS dataset and product.

Digital Geologic-GIS Map of the West Shasta Copper-Zinc District, California (GRI MapCode
WSC2)

Kinkel, A.R., Hall, W.E., and Albers, J.P., 1956, Geology and Base-Metal Deposits of West
Shasta Copper-Zinc District, Shasta County, California: U.S. Geological Survey, Professional
Paper 285, plate 1, scale 1:24,000 (West Shasta Copper-Zinc District). (GRI Source Map ID 2961

The full extent of the plate 1 from this source was used and all geologic features present on the plate
including all mine point features (e.g., mines, prospects) and mine area features (e.g., mine dumps,
area mines) were captured. In addition, prominent map components (e.g., unit descriptions, cross
sections) present on the plate, as well as the publication report, were also incorporated into this GRI
digital geologic-GIS dataset and product.

In addition to the above maps the GRI also produced several 7.5' quadrangle component maps that
collectively comprise the West Shasta Copper-Zinc District map.

Digital Geologic-GIS Map of parts of the Bohemotash Mountain Quadrangle, California (GRI
MapCode BHMT)

Digital Geologic-GIS Map of the Igo Quadrangle, California (GRI MapCode IGO)
Digital Geologic-GIS Map of the Shasta Dam Quadrangle, California (GRI MapCode SHDM)
Digital Geologic-GIS Map of the Whiskeytown Quadrangle, California (GRlI MapCode WHSK)

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (WHISMAP) table included with the GRI geologic-GIS data.
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Index Map

The follow index map displays the extent of the GRI digital geologic-GIS data produced for
Whiskeytown National Recreation Area. The boundary of the recreation area (shown in dark green, as
of September, 2018) is also displayed, as is the extent of the two source maps used to produce the
GRI digital geologic-GIS data. The extent of the GRI Digital Geologic-GIS Map of the French Guich
15’ quadrangle, derived from USGS Bulletin 1141-J, plate 1, is outlined with a dashed red line and
includes the following 7.'5 quadrangles: French Gulch, Igo, Shasta Bally and Whiskeytown. The
extent of the GRI Digital Geologic-GIS Map of the West Shasta Copper-Zinc District, derived from
USGS Professional Paper 285, plate 1, is outlined with a dashed orange line and includes the
following 7.5’ quadrangles: Bohemotash Mountain (parts of), Igo, Shasta Dam and Whiskeytown.
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r — UL
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Graphic by James Winter (Colorado State University).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Whiskeytown National
Recreation Area, California (WHIS) are listed below. Units are listed with their assigned unit symbol
and unit name (e.g., Qaf - Artificial fill). Units are listed from youngest to oldest. No description for
water is provided. Information about each geologic unit is also presented in the GRI Geologic Unit
Information (WHISUNIT) table included with the GRI geologic-GIS data. Some source unit symbols,
names and/or ages may have been changed in this document and in the GRI digital geologic-GIS
data. With regards to the changing of unit symbols, this was done primarily to add a geologic time
designation symbol (e.g., K for Cretaceous Period) to a unit symbol without such a symbol. Unit
symbols, names and/or ages in a unit descriptions, or on a correlation of map units or other source
map figure were not edited. If a unit symbol, name or age was changed by the GRI the unit's source
map symbol, name and/or age appears with the unit's source map description.

Cenozoic Era
Quaternary Period

Qaf - Artifical fill

Qcl - Soil, talus and slope wash

Qal - Sand and gravel in stream beds
Qls - Landslide deposits

Qg - Sand and gravel

Qrb - Red Bluff formation

Mesozoic Era

Cretaceous Period
Kc - Chico formation

Cretaceous and Jurassic Periods

KJbp - Birdseye porphyry

KJhb - Hornblendite

KJagp - Quartz porphyry

KJapd - Aplite dike

KJmg - Metagabbro

KJlp - Lamprophyre

KJap - Andesite porphyry

KJad - Felsic dike rocks

KJbqd - Shasta Bally batholith
KJbhad - Shasta Bally batholith, granodiorite and diorite
KJbad - Shasta Bally batholith, coarse granodiorite and diorite
KJbqd1 - Shasta Bally batholith, fine granodiorite and diorite

KJagn - Gneiss and amphibolite

KJin - Injected rocks and breccia

KJp - Peridotite

KJag - Mule Mountain stock, trondjemite

KJagl - Mule Mountain stock, siliceous, pseudoporphyritic albite granite

KJbr - Mule Mountain stock, intrusive breccia

KJdb - Diabase
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Paleozoic Era

Mississippian Period

Mbp - Phyllite derived from Bragdon Formation

Mbu - Bragdon Formation, upper unit

Mbil - Bragdon Formation, lower unit

Mbc - Bragdon Formation, conglomerate bed in lower unit
Mbds - Bragdon formation, shale and siltstone

Mbdc - Bragdon formation, conglomerate, sandstone and grit
Mbd - Bragdon formation, black siliceous shale

Devonian Period
Dk - Kennett formation, chert and shale
DKl - Kennett formation limestone
Dkt - Kennett formation tuffaceous sedimentary rock
Dbc - Balaklala rhyolite, coarse phenochryst rhyolite
Dbcp - Balaklala rhyolite, coarse phenochryst rhyolite and volcanic breccia
Dbct - Balaklala rhyolite, coarse phenochryst rhyolite, tuff and tuffaceous sedimentary rock
Dbm - Balaklala rhyolite, medium phenochryst rhyolite
Dbmp - Balaklala rhyolite, medium phenochryst rhyolite and volcanic breccia
Dbmt - Balaklala rhyolite, medium phenochryst rhyolite, tuff and tuffaceous sedimentary rock
Dbmg - Balaklala rhyolite, medium phenochryst rhyolite and greenstone
Dbmagp - Balaklala rhyolite, medium phenochryst rhyolite and greenstone pyroclastic rock
Db - Balaklala rhyolite, nonporphyritic rhyolite
Dbp - Balaklala rhyolite, nonporphyritic rhyolite and volcanic breccia
Dbt - Balaklala rhyolite, nonporphyritic rhyolite, tuff and tuffaceous sedimentary rock
Dbg - Balaklala rhyolite, nonporphyritic rhyolite and greenstone
Dbap - Balaklala rhyolite, nonporphyritic rhyolite and greenstone pyroclastic rock
Copley greenstone
Dc - Copley greenstone, keratophyre, spilite and metaandesite
Dcp - Copley greenstone, pyroclastic rock
Dct - Copley greenstone tuff, shaley tuff and shale
Dcsl - Copley greenstone, shale, shaley tuff and sandstone
Dcs2 - Copley greenstone, greenstone tuff, rhyolite tuff and greenstone breccia
Dcq - Copley greenstone, gneiss and migmatite

Pre- Silurian
Sch - Abrams mica schist and Salmon(?) hornblende schist, undifferentiated
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.
In addition to the unit descriptions present on each source map, information concerning geologic units
can also be found in each source map's associated report. These documents can be accessed in the
GRI Ancillary Source Map Information section of this document.

Qaf - Artifical fill (Recent)

Shasta Dam and caved area associated with the Mammoth Mine. No additional unit description
provided. Unit present on source map: West Shasta Copper-Zinc District.

Qcl - Soil, talus and slope wash (Recent)

Qcl - Soil, slope wash and talus (Quaternary)
Soil, slope wash and talus, (mapped only where bedrock geology is effectively obscured). Description
from source map: French Guich 15' Quadrangle.

Qal - Soil, talus and slope wash (Quaternary)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Qal - Sand and gravel in stream beds (Recent)

Qal - Sand and gravel in stream beds (Quaternary)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

Qls - Landslide deposits (Recent)

Qls - Landslide (Quaternary)
No additional unit description provided. Unit present on source maps: French Gulch 15' Quadrangle
and West Shasta Copper-Zinc District.

Qg - Sand and gravel (Recent)

Qg - Sand and gravel (Quaternary)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Qrb - Red Bluff formation (Pleistocene)

Qrb - Red Bluff formation (Pleistocene)
Older semi-consolidated gravels that may be correlative. Description from source map: French Guich

15' Quadrangle.

Qrb - Red Bluff formation (Pleistocene)
Sand and gravel. Qrb?, probably Red Bluff, but may be in part recent deposits. Description from
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source map: West Shasta Copper-Zinc District.

Kc - Chico formation (Upper Cretaceous)

K - Chico Formation (Cretaceous)
Conglomerate and sandstone. Description from source map: French Gulch 15' Quadrangle.

Kc - Chico Formation (Upper Cretaceous)
Sandstone, shale, minor conglomerate. Description from source map: West Shasta Copper-Zinc
District.

KJbp - Birdseye porphyry (Cretaceous or Jurassic)

dp - "Birdseye" porphyry (Cretaceous or Jurassic)
Diorite porphyry, dacite porphyry, andesite porphyry. Description from source map: French Gulch 15'

Quadrangle.

bp - Birdseye porphyry (Cretaceous or Jurassic)
Includes diorite porphyry and dacite porphyry. Description from source map: West Shasta Copper-
Zinc District.

KJhb - Hornblendite (Cretaceous or Jurassic)

h - Hornblendite (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

hb - Hornblendite (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

KJqgp - Quartz porphyry (Cretaceous or Jurassic)

gp - Quartz porphyry (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

KJapd - Aplite dike (Cretaceous or Jurassic)

ap - Aplite dike (Cretaceous or Jurassic)
Showing vertical and inclined attitude. No additional unit description provided. Unit present on source
map: French Gulch 15' Quadrangle.

KJmg - Metagabbro (Cretaceous or Jurassic)

mg - Metagabbro and lamprophyre dikes (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

mg - Metagabbro (Cretaceous or Jurassic)
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No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

KJlp - Lamprophyre (Cretaceous or Jurassic)

Ip - Lamprophyre (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

KJap - Andesite porphyry (Cretaceous or Jurassic)

ap - Andesite porphyry (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

KJad - Felsic dike rocks (Cretaceous or Jurassic)

ad - Felsic dike rocks (Cretaceous or Jurassic)
Related to biotite-quartz diorite. Includes dacite porphyry and diorite porphyry. Description from
source map: West Shasta Copper-Zinc District.

KJbqgd - Shasta Bally batholith (Cretaceous or Jurassic)

bgd - Shasta Bally batholith (Cretaceous or Jurassic)
Biotite-quartz diorite. Description from source map: West Shasta Copper-Zinc District.

KJbhgd - Shasta Bally batholith, granodiorite and diorite (Cretaceous or
Jurassic)
bhgd - Shasta Bally Batholith, biotite hornblende granodiorite and quartz diorite (Cretaceous

or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

KJbqd - Shasta Bally batholith, coarse granodiorite and diorite (Cretaceous
or Jurassic)

bgd - Shasta Bally batholith (Cretaceous or Jurassic)
Biotite-quartz diorite. Description from source map: West Shasta Copper-Zinc District.

KJbgdl - Shasta Bally batholith, fine granodiorite and diorite (Cretaceous or
Jurassic)
bgd1l - Shasta Bally Batholith, fine biotite granodiorite and quartz diorite (Cretaceous or

Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.
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KJgn - Gneiss and amphibolite (Cretaceous or Jurassic)

gnh - Gneiss and amphibolite (Cretaceous or Jurassic)
Gneiss and amphibolite derived from Copley, Balaklala and Bragdon formations. Description from
source map: French Gulch 15' Quadrangle.

KJin - Injected rocks and breccia (Cretaceous or Jurassic)

in - Injected rocks and breccia (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

KJp - Peridotite (Cretaceous or Jurassic)

p - Peridotite (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

Mule Mountain stock

KJag - Mule Mountain stock, trondjemite (Cretaceous or Jurassic)

tag - Mule Mountain Stock, trondhjemite (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

ag - Mule Mountain Stock, trondhjemite (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Though originally mapped as Jurassic-Cretaceous in age, unit is dated at approximately 400 Ma on
the basis of U-Pb dating in 1999 and cross-cutting relationships with Bragdon Formation and Shasta
Bally Batholith (Irwin, W.P., 1999, Plutons and Accretionary Episodes of the Klamath Mountains,
California and Oregon, USGS Open File Report 99-374).

KJagl - Mule Mountain stock, siliceous, pseudoporphyritic albite granite
(Cretaceous or Jurassic)
agl - Mule Mountain Stock, siliceous pseudoporphyritic albite granite (Cretaceous or Jurassic)

No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Though originally mapped as Jurassic-Cretaceous in age, unit is dated at approximately 400 Ma on
the basis of U-Pb dating in 1999 and cross-cutting relationships with Bragdon Formation and Shasta
Bally Batholith (Irwin, W.P., 1999, Plutons and Accretionary Episodes of the Klamath Mountains,
California and Oregon, USGS Open File Report 99-374).
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KJbr - Mule Mountain stock, intrusive breccia (Cretaceous or Jurassic)

br - Mule Mountain Stock, intrusive breccia (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

ag2 - Mule Mountain Stock, intrusive breccia (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Though originally mapped as Jurassic-Cretaceous in age, unit is dated at approximately 400 Ma on
the basis of U-Pb dating in 1999 and cross-cutting relationships with Bragdon Formation and Shasta
Bally Batholith (Irwin, W.P., 1999, Plutons and Accretionary Episodes of the Klamath Mountains,
California and Oregon, USGS Open File Report 99-374).

KJdb - Diabase (Cretaceous or Jurassic)

db - Diabase (Cretaceous or Jurassic)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Mbp - Phyllite derived from Bragdon Formation (Mississippian)

Mbp - Phyllite (Mississippian)
Phyllite derived from Bragdon formation by contact metamorphism of Shasta Bally batholith.
Description from source map: French Gulch 15' Quadrangle.

Mbu - Bragdon Formation, upper unit (Mississippian)

Mbu - Bragdon Formation, upper unit (Mississippian)
Upper unit consisting of abundant conglomerate and sandstone, interbedded with siltstone and shale.
Description from source map: French Gulch 15' Quadrangle.

Mbl - Bragdon Formation, lower unit (Mississippian)

Mbl - Bragdon Formation, lower unit (Mississippian)
Lower unit consisting of mostly shale, mudstone, and siltstone, with subordinate tuff and
conglomerate. Description from source map: French Gulch 15' Quadrangle.

Mbc - Bragdon Formation, conglomerate bed in lower unit (Mississippian)

Mbc - Bragdon Formation, conglomerate bed in lower unit (Mississippian)
No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle.

Mbds - Bragdon formation, shale and siltstone (Mississippian)

Mbds - Bragdon Formation, shale and siltstone (Mississippian)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
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District.

Mbdc - Bragdon formation, conglomerate, sandstone and grit (Mississippian)

Mbdc - Bragdon Formation, conglomerate, sandstone and grit (Mississippian)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Mbd - Bragdon formation, black siliceous shale (Mississippian)

Mbd - Bragdon Formation, black siliceous shale (Mississippian)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Dk - Kennett formation, chert and shale (Devonian)

Dk and Dk? - Kennett(?) formation (Devonian)
Gray and black cherty shale. Description from source map: French Gulch 15' Quadrangle.

Dk - Kennett formation (Devonian)
Chert and black and gray shale, mostly siliceous. Description from source map: West Shasta Copper-
Zinc District.

Dkl - Kennett formation limestone (Devonian)

Dkl - Kennett Formation, limestone (Devonian)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Dkt - Kennett formation tuffaceous sedimentary rock (Devonian)

Dkt - Kennett Formation, tuffaceous sedimentary rock (Devonian)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Dbc - Balaklala rhyolite, coarse phenochryst rhyolite (Devonian)

Dbc - Balakala rhyolite, coarse phenocryst rhyolite (Devonian)

Porphyritic quartz keratophyre containing quartz phenocrysts larger than 4 mm. Unit Dbc includes
much coarse volcanic breccia. The Balaklala rhyolite intertongues with and locally intrudes the Copley
greenstone. Layers of greenstone interbedded in the Balaklala are mapped as Copley greenstone. Is
also found as probable flows in Kennett(?) and Bragdon formations. Description from source map:
French Gulch 15' Quadrangle.

Dbc - Balakala rhyolite, coarse phenocryst rhyolite (Devonian)
Porphyritic rhyolite containing quartz phenocrysts larger than 4 mm, characteristic of the upper unit of
the Balaklala. Description from source map: West Shasta Copper-Zinc District.
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Unit Dbc also exists as mapped areas with additional rock types, volcanic breccia, and tuff and
tuffaceous sedimentary rock. These units, Dbcp and Dbct, respectively, are listed below.

Dbcp - Balaklala rhyolite, coarse phenochryst rhyolite and volcanic breccia
(Devonian)
Dbc+ - Balakala rhyolite, coarse phenocryst rhyolite and volcanic breccia (Devonian)

Unit Dbc with volcanic breccia - includes coarse volcanic breccia, tuff breccia, volcanic conglomerate,
and flow breccia. Unit present on source map: West Shasta Copper-Zinc District.

Dbct - Balaklala rhyolite, coarse phenochryst rhyolite, tuff and tuffaceous
sedimentary rock (Devonian)

Dbc+ - Balaklala rhyolite, coarse phenochryst rhyolite, tuff and tuffaceous sedimentary rock
(Devonian)

Unit Dbc with tuff and tuffaceous sedimentary rock. Unit present on source map: West Shasta
Copper-Zinc District.

Dbm - Balaklala rhyolite, medium phenochryst rhyolite (Devonian)

Dbm - Balaklala rhyolite, medium phenochryst rhyolite (Devonian)
Porphyritic rhyolite containing quartz phenocrysts 1-4 mm in diameter, characteristic of the middle unit
of the Balaklala. Description from source map: West Shasta Copper-Zinc District.

Unit Dbm also exists as mapped areas with additional rock types, volcanic breccia, tuff and tuffaceous
sedimentary rock, greenstone and greenstone pyroclastic rock. These units, Dbmp and Dbmt, Dbmg
and Dbmgp, respectively, are listed below.

Dbmp - Balaklala rhyolite, medium phenochryst rhyolite and volcanic breccia
(Devonian)
Dbm+ - Balaklala rhyolite, medium phenochryst rhyolite and volcanic breccia (Devonian)

Unit Dbm with volcanic breccia — includes coarse volcanic breccia, tuff breccia, volcanic
conglomerate, and flow breccia. Unit present on source map: West Shasta Copper-Zinc District.

Dbmt - Balaklala rhyolite, medium phenochryst rhyolite, tuff and tuffaceous
sedimentary rock (Devonian)

Dbm+ - Balaklala rhyolite, medium phenochryst rhyolite, tuff and tuffaceous sedimentary rock
(Devonian)

Unit Dbm with tuff and tuffaceous sedimentary rock. Unit present on source map: West Shasta
Copper-Zinc District.
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Dbmg - Balaklala rhyolite, medium phenochryst rhyolite and greenstone
(Devonian)

Dbm+ - Balaklala rhyolite, medium phenochryst rhyolite and greenstone (Devonian)
Unit Dbm with greenstone. Unit present on source map: West Shasta Copper-Zinc District.

Dbmgp - Balaklala rhyolite, medium phenochryst rhyolite and greenstone
pyroclastic rock (Devonian)

Dbmgp+ - Balaklala rhyolite, medium phenochryst rhyolite and greenstone pyroclastic rock
(Devonian)

Unit Dbm with greenstone pyroclastic rock. Unit present on source map: West Shasta Copper-Zinc
District.

Db - Balaklala rhyolite, nonporphyritic rhyolite (Devonian)

Db - Balaklala rhyolite, nonporphyritic quartz keratophyre and quartz keratophyre (Devonian)
Nonporphyritic quartz keratophyre and quartz keratophyre containing quartz phenocrysts ranging from
<1 to 4 mm. Unit Db includes much coarse volcanic breccia. The Balaklala rhyolite intertongues with
and locally intrudes the Copley greenstone. Layers of greenstone interbedded in the Balaklala are
mapped as Copley greenstone. Is also found as probable flows in Kennett(?) and Bragdon formations.
Description from source map: French Gulch 15' Quadrangle.

Db - Balaklala rhyolite, nonporphyritic rhyolite (Devonian)
Nonporphyritic rhyolite, characteristic of the lower unit of the Balaklala. Description from source map:
West Shasta Copper-Zinc District.

Unit Db also exists as mapped areas with additional rock types, volcanic breccia, tuff and tuffaceous
sedimentary rock, greenstone and greenstone pyroclastic rock. These units, Dbp and Dbt, Dbg and
Dbgp, respectively, are listed below. On the source map these unit symbols (Dbp and Dbt, Dbg and
Dbgp) are unit symbols for the additional rock unit (e.g., Dbp for volcanic breccia), however, in
combining these units which don't exist as their own mapped areas the GRI used these symbols when
combined with unit Db. As an example, unit Dbp is volcanic breccia on the source map, however, on
the GRI maps Dbp is volcanic breccia and nonporphyritic rhyolite (Db).

Dbp - Balaklala rhyolite, nonporphyritic rhyolite and volcanic breccia
(Devonian)

Dbp+ - Balaklala rhyolite, nonporphyritic rhyolite and volcanic breccia (Devonian)
Unit Db with volcanic breccia. Unit present on source map: West Shasta Copper-Zinc District.

Dbt - Balaklala rhyolite, nonporphyritic rhyolite, tuff and tuffaceous
sedimentary rock (Devonian)

Dbt - Balaklaha rhyolite, tuff and tuffaceous shale (Devonian)

No additional unit description. Unit Dbt includes much coarse volcanic breccia. The Balaklala rhyolite
intertongues with and locally intrudes the Copley greenstone. Layers of greenstone interbedded in the
Balaklala are mapped as Copley greenstone. Is also found as probable flows in Kennett(?) and
Bragdon formations. Unit present on source map: French Gulch 15" Quadrangle.

Dbt+ - Balaklala rhyolite, nonporphyritic rhyolite, tuff and tuffaceous sedimentary rock
(Devonian)
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Unit Db with tuff and tuffaceous sedimentary. Unit present on source map: West Shasta Copper-Zinc
District.

Dbg - Balaklala rhyolite, nonporphyritic rhyolite and greenstone (Devonian)

Dbg+ - Balaklala rhyolite, nonporphyritic rhyolite and greenstone (Devonian)
Unit Db with greenstone. Unit present on source map: West Shasta Copper-Zinc District.

Dbgp - Balaklala rhyolite, nonporphyritic rhyolite and greenstone pyroclastic
rock (Devonian)
Dbgp+ - Balaklala rhyolite, nonporphyritic rhyolite and greenstone pyroclastic rock (Devonian)

Unit Db with greenstone pyroclastic rock. Unit present on source map: West Shasta Copper-Zinc
District.

Copley greenstone

The Copley greenstone intertongues with the Balaklala rhyolite and contains numerous sheets of
guartz porphyry indistinguishable from the Bakaklala. These area here mapped as the Balaklala.
Description from source map: French Gulch 15' Quadrangle.

Dc - Copley greenstone, keratophyre, spilite and metaandesite (Devonian?)

Dc - Copley greenstone, keratophyre, spilite and metaandesite (Devonian?)
Includes volcanic breecia and agglomerate facies. No additional unit description provided. Unit
present on source map: French Gulch 15' Quadrangle.

Dc - Copley greenstone, keratophyre, spilite and meta-andesite (Devonian?)
No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Dcp - Copley greenstone, pyroclastic rock (Devonian?)

No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Dct - Copley greenstone tuff, shaley tuff and shale (Devonian?)

No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle

Dcsl - Copley greenstone, shale, shaley tuff and sandstone (Devonian?)

No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.
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Dcs2 - Copley greenstone, greenstone tuff, rhyolite tuff and greenstone
breccia (Devonian?)

No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Dcg - Copley greenstone, gneiss and migmatite (Devonian?)

No additional unit description provided. Unit present on source map: West Shasta Copper-Zinc
District.

Sch - Abrams mica schist and Salmon(?) hornblende schist, undifferentiated
(pre-Silurian)

No additional unit description provided. Unit present on source map: French Gulch 15' Quadrangle
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Geologic Cross Sections

The geologic cross sections present in the GRI digital geologic-GIS data produced for Whiskeytown
National Recreation Area, California (WHIS) are presented below. Note that some cross section
abbreviations (e.g., A - A") have been changed from their source map abbreviation in the GRI digital
geologic-GIS data so that each cross section abbreviation in the GRI digital geologic-GIS data is
unigue. Cross section graphics were scanned at a high resolution and can be viewed in more detalil
by zooming in (if viewing the digital format of this document).

Cross Section A-A'

A

R e T b~ | e
Graphic from source map: West Shasta Copper-Zinc District. No vertical exaggeration indicated on
source map.

Cross Section B-B'
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Graphic from source map: West Shasta Copper-Zinc District. No vertical exaggeration indicated on
source map.

Cross Section C-C'
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Graphic from source map: West Shasta Copper-Zinc District. For display purposes the cross section
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graphic is split into two graphics because of its length. No vertical exaggeration indicated on source
map.

Cross Section Legend

The following legend applies to cross sections A-A', B-B' and C'-C' (cross sections from Professional
Paper 285).

EXPLANATION
s—/
o

Massive sulfide

Contact, dashed where approximately located

Approximate fault
e e R
Probable fault

Fault, showing direction of movement

Qal, Qls, unconsolidated deposits; bp, Birdseye porphyry; bad, Shasta Bally batholith; ag, Mule Mountain stock, undifferentiated;
Mbds, Mbdc, Bragdon formation; Dk. Dkt, Dkl, Kennett formation; Dbc, Dbm, Db, Dbp, Dbt, Dbg, Balaklala rhyolite; Dc,
Dcg, Dep, Des,, Copley greenstone. For full description see explanation on plate 1

Graphic from source map: West Shasta Copper-Zinc District.

Cross Section D-D'

! 4

Graphic from source map: French Gulch 15' Quadrangle. Cross section A-A' on source map. No
vertical exaggeration indicated on source map.
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GRI Ancillary Source Map Information

The following sections present ancillary source map information associated with source maps used in
completion of the GRI digital geologic-GIS data produced for Whiskeytown National Recreation Area.

USGS Bulletin 1141-J

The formal citation for this source.

Albers, John P., 1964, Geology of the French Gulch Quadrangle, Shasta and Trinity Counties,
California: U.S. Geological Survey, Bulletin 1141-J, scale 1:62,500 (GRI Source Map ID 2962).

The full publication can be found online at: https://pubs.er.usgs.gov/publication/b1141J

Prominent graphics and text associated with this source.

Correlation of Map Units

EXPLANATION

oF

Unconsolidated deposits
Qcl, s0il, slope wash, and talus (mapped only where bedrock
geology is effectively obscured)
Qal, sand and gravel in stream beds
Qls, landslide

Recent

UNCONFORMITY

{

QUATERNARY

Red Bluff formation
Older semiconsolidated gravels that may be correlative

Pleistocene

UNCONFORMITY

Conglomerate and sandstone }

CRETACEOUS

UNCONFORMITY

“Birdseye” porphyry Hornblendite Quartz porphyry
Diorite porphyry, dacite

porphyry, andesite

porphyry

ot -
et me
"ap =
Aplite dike, Metagabbro and
showing lamprophyre
vertical dikes

TR
S el
¥ v

neiss and am- Injected rocks
bhgd, biotite hornblende grano-  Phibolite de-  and breccia
diorite and quartz diorite rived from
bad, coarse biotite granodiorite  Copley, Bal-
and quartz diorite aklala, and
bad,, fine biotite granodiorite  Bragdon for-
and quartz diorite

inclined
attitude

JURASSIC OR CRETACEOUS

mations

Peridotite

Mule Mountain stock
tag, trondhjemite and albite granite
br, intrusive breccia
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UNCONFORMITY

Bragdon formation

Mbu, upper unit consisting of abundant conglomerate and sand-
stone, interbedded with siltstone and shale

Mbl, lower unit consisting mostly of shale, mudstone, and silt-

tome, with subordinate tuff and conglomerate

Mb, conglomerate bed in lower unit

Mbp, phyllite derived from Bragdon formation by contact
‘metamorphism of Shasta Bally batholith

MISSISSIPPIAN
CARBONIFEROUS

UNCONFORMITY

Kennett(?) formation
Gray and black cherty shale

Balaklala rhyolite
Db, porphyritic quart: keratophyre containing quartz pheno-
crysts larger than 4 mm

DEVONIAN

, nomporphyritic quartz and quartz
containing quartz phenocrysts ranging from <1 to 4 mm

Dbt, tuff and tuffaceous shale

Units Dbc and Db include much coarse volcanic breccia.
Balaklala rhyolite intertongues with and locally intrudes the
Copley . Layers of i in the
Balaklala are mapped as Copley greenstone. Is also found
as probable flows in Kennett(?) and Bragdon formations

Copley greenstone

Dc, keratophyre, spilite, and metaandesite (includes volcanic
breccia and agglomerate facies)

Det, tuff, shaly tuff, and shale
he Copley greenstone intertongues with the Balaklala rhyolite
and contains numerous sheets of quartz porphyry indist
guishable from the Balaklala. These are here mapped as

laklala

DEVONIAN(?)

UNCONFORMITY(?)

Abrams mica schist and Salmon(?) hornblende schist,
undifferentiated

PRE-SILURIAN

Graphic from source map: French Guich 15' Quadrangle.
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Map Legend

el

Contact, showing dip

Long dashed where approximately located; short
dashed where indefinite; dotted where concealed

b,

Fault, showing dip
Dashed where approximately located; queried
where probable; dotted where concealed. U,
upthrown side; D, downthrown side

90

et —"

Vertical fault

T

Spring Creek thrust

Mainly between Bragdon formation and under-
lying rocks, but in places between Copley green-
stone and tuff of the Balaklala rhyolite. Saw-
teeth on upper plate. Queried where doubtful;
dotted where concealed

EetE et

Anticline, showing position of crest line
Dashed where approximately located

A==+

Syneline, showing position of trough
Dashed where approximately located, dotted
where covered by slope wash or alluvium

0
>

Plunge of minor anticline

20
b ad

Plunge of minor syncline

FA, 25

Plunge of fold axis
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Inclined Vertical
Attitude of beds

20

o

Strike and dip of beds and plunge of
lineation

a2 -+

Inclined Vertical
Attitude of schistosity

7.

\_58
Strike and dip of schistosity and plunge of
lineation

2" +
Inclined Vertical
Attitude of compositional layering in gneiss

60 25
&7

Strike and dip of compositional layering
in gneiss, and plunge of lineation

40

- -

Inclined Vertical
Attitude of primary flow banding in
granitic rocks as shown by alined
crystals or inclusions

80
-

Strike and dip of sheeting

80
[} —

Inclined Vertical
Attitude of cleavage

70
- -

Inclined Vertical
Attitude of joints

> L-5

Location of sample plotted on
figure 3, including 5 also
listed in table 2

Graphic from source map: French Guich 15' Quadrangle.

Report

A component of Bulletin 1141-J is a report booklet. The document contains information pertaining to
the geology of the map area. The report is included as embedded PDF document and can be
accessed by double-clicking the following link, Bulletin 1141-J Report.
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CONTRIBUTIONS TO GENERAL GEOLOGY

GEOLOGY OF THE FRENCH GULCH QUADRANGLE,
SHASTA AND TRINITY COUNTIES, CALIFORNIA

By Jor~ P. ArsERs

ABSTRACT

The French Gulch quadrangle, in Shasta and Trinity Counties, northern
California, contains rocks ranging in age from pre-Silurian (and possibly Pre-
cambrian) to Recent. The oldest rocks are coarsely crystalline actinolite- and
quartz-mica schists exposed in the southwestern part of the quadrangle; these
rocks are correlated with the Abrams mica schist and possibly in part with
the Salmon hornblende schist of Hershey.

Two formations that are probably much younger overlie these schists. These
formations are the Copley greenstone and Balaklala rhyolite. The Copley
greenstone of Devonian(?) age consists mostly of intermediate and mafic vol-
canic rocks and crops out over a large area in the east-central and southeastern
parts of the quadrangle. It is at least 3,700 feet thick in the central part of
the quadrangle, but the base of the formation has nowhere been recognized.
The Devonian Balaklala rhyolite, which is composed of siliceous felsic volcanic
rocks, overlies and intertongues with the Copley greenstone in an intricate
manner. It is mainly extrusive but includes minor intrusive bodies. The
main area of Balaklala exposure is in the eastern and northeastern part of
the quadrangle.

Overlying the Balaklala in places in the east-central and northeastern parts
of the quadrangle are beds of dark siliceous cherty shale of the Kennett(?)
formation. This shale is lithologically similar to shale of the lower part of
the Kennett formation at the type locality in Backbone Creek, east of the
French Gulch quadrangle, and on this basis they are correlated. However, ro
fossils have been found, and because of its peculiar distribution, highly con-
torted character and position along a probable thrust fault, and similarity to
cherty shale within the overlying Bragdon formation of the Backbone Creek
area, it is possible that the cherty shale is highly deformed and altered Bragdon.
The Kennett formation east of the French Gulch quadrangle is well dated by
fossils as late Middle Devonian, and because the Kennett grades downward
into tuffaceous rocks of the Balaklala rhyolite, the Balaklala is probably also
Middle Devonian. Intertonguing of Balaklala rhyolite with Copley greenstone
indicates further that if the Balaklala is of Middle Devonian age the Copley
must also be nearly the same age.

The Bragdon formation, composed mainly of shale and s11tstone in the lower
part and of coarse grit and conglomerate along with shale and siltstone in the
upper part, locally rests with marked structural discordance on Copley green-
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J2 CONTRIBUTIONS TO GENERAL GEOLOGY

stone, Balaklala rhyolite, and Kennett(?) formation. The Bragdon is here
divided into a lower unit and an upper unit for cartographic purposes. The
formation has been dated as Mississippian by Diller from exposures outside
the quadrangle, but no fossils were found within the area of this report.
Tabular bodies of peridotite, partly altered to serpentine, intrude the schists
and gneiss in the extreme southwestern part of the quadrangle, and two
large plutons, the Mule Mountain stock and the Shasta Bally batholith, and
subsidiary intrusives, occupy about 100 square miles of the map area. The
Mule Mountain stock consists of trondhjemite and albite granite. It contains
large pendants and many inclusions in various stages of reconstitution, all

oriented in structural harmony with the wallrocks if projected along the strike. -

Metamorphic effects on surrounding rocks are restricted to within a few feet
or tens of feet from the stock border, and chilled contacts are almost absent.
The stock itself is highly altered. It seems to have most of the features of an
epizone pluton, although granitization appears to have been the most im-
portant mechanism in its emplacement.

The Shasta Bally batholith consists mostly of quartz diorite but locally
grades to granodiorite. The northeastern part of the batholith is rich in
biotite and has conspicuous flow layering that dips northeastward parallel to
the contact. In the southwestern part, hornblende predominates over biotite;
weak flow banding and an inconspicuous steep lineation are present. The
batholith is élongated northwest and southeast, and the flow banding suggests that
it has the form of a crude arch, both limbs of which dip steeply toward the
northeast. The northeast contact of the batholith is largely concordant and
is in contact with fine-grained gneiss as much as 3,500 feet thick, which was
derived by contact metamorphism largely from the Copley, Balaklala, and
Bragddn formations. The southwest contact is discordant and is marked by a
zone '0f injected rock and breccia as much as 1,000 feet wide and by gneiss
as much as 5,000 feet wide derived from schist. The batholith seems to have
emplaced itself forcibly ; it has the features of a mesozone pluton. Stratigraphic
cover at the time of intrusion may have been as much as 35,000 feet thick,
but was probably less if allowance is made for erosion. Dikes of diorite
porphyry;, ‘dacite porphyry, andesite porphyry, metagabbro, hornblendite,
lamprophyre, and aplite cut the Mule Mountain stock and rocks older than the
stock. Aplite dikes cut the Shasta Bally batholith.

With the exception of the Shasta’ Bally batholith and some of the dike rocks,
pre-Cretaceous rocks throughout the quadrangle are altered. Mafic and inter-
mediate rocks are albitized and chloritized ; felsic rocks are albitized, are silici-
fied in many places, and contain fine-grained white mica, epidote, and other sec-
ondary minerals as alteration products. In the Bragdon formation, fine-grained
white mica is the principal alteration, but it is not a conspicuous feature.

In the aureole of the Shasta Bally batholith and locally near the Mule
Mountain stock, mafic rocks are converted to amphibolite and epidote amphibo-
lite, and more felsic rocks are characterized by quartzose gneiss containing
some Dbiotite. ‘ )

The quadrangle lies in a large structural bend where the strike of the base-
ment volcanic rocks changes from northwest to northeast. The Mule Mountain
stock is in this bend. The northwest-trending Shasta Bally batholith, and its
gneissic aureole, dominates the structure of the western part of the quadrangle.
A thrust fault is inferred to separate the Bragdon from underlying formations
because beds in the ‘Bragdon strike nearly at right angles to its lower contact
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GEOLOGY OF THE FRENCH GULCH QUADRANGLE, CALIF. J3

at many places and indicate that part of the section has been cut out. This
fault is named the Spring Creek thrust.

Folds are not conspicuous; most are hard to follow and do not seem to con-
tinue for great distances. Folds of three trends—northwest, north, and north-
east—are recognized.

Faults are abundant and seem to be primarily of the normal type. These
faults are common in all rocks except the Shasta Bally batholith and the schist
southwest of the batholith. The largest are the Hoadley, Shirttail, and French
Gulch faults. The French Gulch fault is one of a system of east- and northeast-
trending faults that seem to control the distribution of massive sulfide deposits
in the northeastern part of the quadrangle and gold quartz veins in the French
Gulch mining district.

INTRODUCTION

LOCATION AND ACCESS

The French Gulch 15-minute quadrangle is in northern California
in Shasta and Trinity Counties (fig. 1). It lies in the Klamath
Mountains at the northwest end of the Sacramento Valley and is
bounded by the 40°30” and 40°45’ parallels and by the 122°30” and
122°45’ meridians. The principal town of the region is Redding,
about 6 miles east of the quadrangle boundary. Small settlements
within the quadrangle include French Gulch, Whiskeytown, and Igo.
U.S. Highway 299W, from Redding to Eureka, extends across the
quadrangle and is the principal means of access. This highway,
supplemented by a network of secondary roads, which include nu-
merous logging roads built mostly during the years 1950-57, makes
most of the quadrangle readily accessible with four-wheel-drive
vehicles.

PHYSICAL FEATURES

Relief is rugged throughout the French Gulch quadrangle (pl. 1).
Altitudes range from about 600 feet in the canyon of Clear Creek at
the southeast, corner of the quadrangle to 6,359 feet on Paradise Peak
near the west edge. The dominant peak is Shasta Bally, altitude
6,209 feet, in the central part of the quadrangle. Iron and Sugar-
loaf Mountains and Shirttail Peak are prominent landmarks in the
northeastern part of the quadrangle. Clear Creek, which flows diag-
onally across the quadrangle from the north-central edge to the south-
east corner, is the principal stream. The drainage divide between
Clear Creek and the Trinity River to the west extends approximately
north-south through the western part of the quadrangle. The overall
drainage pattern is dendritic. Virtually all the streams are character-
ized by steep V-shaped canyons that generally pass into more gentle
slopes within a few hundred feet above the canyon bottoms. A strik-
ing topographic feature is the deeply incised canyon of Clear Creek
in the southeastern part of the quadrangle.
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FIGURE 1.—Index map showing location of the French Gulch quadrangle, California, and its
relation to the area previously reported on as the “West Shasta copper-zine district.”

CLIMATE AND VEGETATION

The climate of the quadrangle is characterized by a cool wet season
from November to April and a hot dry season from May to October.
The average annual precipitation ranges from 35 inches in the low-
lands to 60 inches at the higher altitudes. However, the Iron Moun-
tain mine, at an altitude of about 2,600 feet in the eastern part of the
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quadrangle, has received as much as 110 inches of precipitation during
a single calendar year. Snow is common in the winter at altitudes
above 1,500 feet, but, except on the highest mountains, it rarely stays
for more than a few days.

Temperatures at the lower altitudes are generally above freezing
during the winter months but decrease with increasing altitude.
During the period of June to September, daytime temperatures of
100° F in the shade are not uncommon in the valleys and at lower
altitudes. However, the nights are generally cool. :

Most of the lower parts of the quadrangle and some of the highest
ridges are covered by a dense growth of brush, including manzanita
(Arctostaphylos sp.) and several varieties of scrub oak. Larger
trees include digger pine (Pinus sabiniana), which is common at low
altitudes, and ponderosa pine (Pinus ponderosa), sugar pine (Pinus
lambertiana), Douglas-fir (Pseudotsuga taxifolia), California black
oak (Quercus kelloggii), canyon live oak (Quercus chrysolepis), and
interior live oak (Quercus wislizeniz), which grow mainly on the
higher slopes. Extensive logging, mostly since the World War II
period, has greatly depleted the once-abundant timber in the quad-
rangle,

PREVIOUS WORK

The east half of the French Gulch quadrangle was mapped during
the period 1946-51 by the U.S. Geological Survey in cooperation with
the State of California, Department of Natural Resources, Division
of Mines, as part of a study of the West Shasta copper-zinc district.
The report of this work, including a geologic map at a scale of
1:24,000, was written by Kinkel and others (1956). A detailed report
on the Iron Mountain mine was published earlier (Kinkel and Albers,
1951). The only geologic map published prior to this work by the
Survey is included in Hinds’ study (1933) of the Redding-Weaverville
districts. Hinds’ map includes a much larger area and is on a recon-
naissance scale of 1:250,000. Reports by Ferguson (1914) and
Averill (1933) contain descriptions of the more important gold mines
of the quadrangle and information on the geology of local mine areas.

FIELDWORK AND ACKNOWLEDGMENTS

Field mapping of the west half of the quadrangle on a scale of
1: 48,000 was conducted by the author and Avery A. Drake, Jr., from
August to November 1,1956. All except the extreme northwest corner
was mapped during this period. The author, assisted by William P.
Irwin and Donald B. Tatlock, completed mapping of the west of the
quadrangle and mapped important faults exposed in new roadcuts
in the east half during June and July 1957. The geology of the east
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J6 CONTRIBUTIONS TO GENERAL GEOLOGY

half of the quadrangle, which was originally mapped on a scale of
1:24,000 in 1945-47 (Kinkel and others, 1956), is here generalized
to a scale commensurate with 1: 62,500 and is included on the quad-
rangle map to give continuity to the geologic pattern.

The study has benefited from field conferences with Thomas E. Gay,
Gordon B. Oakeshott, and J. C. O’Brien of the California Division of
Mines, Ira E. Klein of the U.S. Bureau of Reclamation, and E. H.
Bailey, R. J. Roberts, and P. B. King of the U.S. Geological Survey.
We are indebted to Redding Pine Mills, Inc., and to Shasta Minerals
and Chemical Co. for allowing access on private roads in various parts
of the quadrangle.

The work was done in cooperation with the State of California,
Department of Natural Resources, Division of Mines.

SUMMARY OF GEOLOGIC UNITS

The rocks in the French Gulch quadrangle include those of pre-
Silurian (and possibly Precambrian), Devonian( ), Devonian, Mis-
sissippian, Jurassic or Cretaceous, Cretaceous, Pleistocene, and Recent
ages (pl. 1). The oldest rocks are probably the coarsely crystalline
schists in the extreme southwestern part of the quadrangle. Some
of these rocks were included in the Abrams mica schist and some were
included in the Salmon hornblende schist by Hinds, who considered
both formations to be of pre-Silurian and possibly Precambrian age
(1933, p. 84). The area underlain by schist in the French Gulch
quadrangle is too small and too poorly exposed to permit a reliable
correlation of the various rock types with the Abrams and Salmon
formations.

The Copley greenstone, probably of Devonian age, consists mostly
of intermediate and mafic volcanic rocks. It crops out over a large
area in the east-central and southeastern parts of the quadrangle. The
Copley is at least 3,700 feet thick at its best exposed section in the
Modesty Gulch-Grizzly Gulch area, but the base of the formation has
nowhere been recognized. Moreover, because it is of volcanic origin,
the thickness of the formation no doubt differs markedly from place
to place.

The stratigraphic positions of rocks assigned to the Balaklala
rhyolite vary. The thickest accumulations, which probably represent
the major episode of rhyolitic activity, overlie the Copley greenstone;
these crop out mostly in the northeastern part and locally in the
northern and northwestern parts of the quadrangle. Elsewhere, silicic
voleanic rocks indistinguishable from the Balaklala are intertongued
and interlayered with the Copley in an intricate manner (pl 1.).
South and west of Tower House, rocks correlated with Balaklala on the
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basis of lithology seem to underlie a large thickness of Copley: A
similar inverse relationship exists on O’Brien Mountain a few miles
northeast of the French Gulch quadrangle (Albers and Robertson,
1961). These relations indicate that silicic and mafic volcanic rocks
were probably being erupted from several volcanic centers more or less
contemporaneously, although the culmination of activity that gave
rise to the main mass of silicic rocks occurred after the eruption of
intermediate and basic material had died down. The distinction be-
tween the Copley and Balklala formations shown on the geologic map
is thus a lithologic distinction and, except in the northern and north-
eastern part of the quadrangle, has no definite stratigraphic signifi-
cance. The Balaklala is considered to be of Middle Devonian age
because of its relation to the overlying Kennett formation east of the
French Gulch quadrangle, where the two formations are gradational
(XKinkel and others, 1956, p. 19).

A discontinuous belt of gray to black siliceous cherty shale, tenta-
tively assigned to the Kennett formation, lies between the volcanic
rocks of the Balaklala rhyolite and the Bragdon formation between
Mad Mule Mountain and the northeast corner of the quadrangle.
Lithologically this shale is similar to the cherty shale that makes up
the lower part of the Kennett formation at its type locality in
Backbone Creek in the West Shasta map area; it is tentatively cor-
related with the Kennett on the basis of this similarity. Peculiar
features of this cherty shale are that virtually everywhere it is ex-
tremely contorted and faulted and also that it seems to be separated
everywhere from the overlying Bragdon formation, which is much
less deformed, by a marked structural discordance. This discordance,
along with the failure of folds in the Bragdon to extend into the
underlying rocks, and the fact that bedding in the Bragdon dips more
steeply and is at an angle to the Bragdon contact with underlying
volcanic rocks, suggest the possibility that the contorted cherty shale,
which occupies a position of natural structural weakness between
competent and incompetent units, marks a thrust zone beneath the
Bragdon formation. If it does, the cherty shale may actually be part
of the Bragdon formation, its siliceous character having resulted from
the same hydrothermal alteration that also greatly affected the under-
lying Balaklala rhyolite.

The Bragdon formation, which consists mostly of fine- to coarse-
grained clastic sedimentary rocks, locally rests on the Copley green-
stone, the Balaklala rhyolite, and the Kennett(?) formation. Near
the junction of Willow Creek and Trail Gulch, quartz keratophyre,
tentatively correlated with the Balaklala rhyolite, is interlayed with
phyllite of the Bragdon formation. Diller (1906, p. 3) dated the
Bragdon as Mississippian, but no additional fossils were found in it
during our recent studies. In this report, the Bragdon formation
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is differentiated into a lower unit consisting mainly of mudstone,
siltstone, and minor sandstone and conglomerate, and an upper unit in
which sandstone and conglomerate are about as abundant as the fine-
grained clastics.

The layered bedrock sequence was intruded, probably during Late
Jurassic time, by two large plutonic masses of granitic rock and by
dikes and sills of peridotite and hypabyssal rocks. The older intrusive
mass is the Mule Mountain stock, a pluton about 50 square miles in
area and consisting mostly of trondhjemite and albite granite. The
stock is elongate in a north-south direction, and approximately the
west half is in the French Gulch quadrangle. Its shape is highly
irregular in detail and its boundaries markedly crosscutting. It is in
general much faulted, crushed, and altered. It has most of the
features characteristic of plutons of the mesozone, as defined by
Buddington (1959).

Somewhat younger than the Mule Mountain stock is the Shasta
Bally batholith, a concordant pluton of quartz diorite and granodio-
rite that underlies approximately the southwest one-third of the quad-
rangle. As mapped by Hinds (1933), this batholith has a total areal

extent of about 125 square miles. In the French Gulch quadrangle

it intrudes schist and gneiss of the Abrams and Salmon formations,
and the Copley, Balaklala, and Bragdon formations; apophyses from
the batholith cut the Mule Mountain stock. The batholith contains
small inclusions of peridotite near its southwest margin ; the inclusions
suggest that the batholith is younger than the belt of ultramafic rock
in the southwestern part of the quadrangle (pl. 1). The batholith
seems to have features typical of mesozone plutons.

The intruded rocksalong the margins of the Shasta Bally batholith,
and locally along margins of the Clear Creek plug, which is believed
to be an apophysis of the batholith, have been converted by contact
metamorphism into fine-grained gneissic rocks. The rocks in the con-
tact aureole include amphibolite, hornblende gneiss, siliceous light-
colored gneiss, quartz-biotite gneiss, and phyllite. The type of gneiss
at any given locality is determined largely by the composition of its
parent rock.

Hypabyssal intrusive rocks include tabular bodies of hornblendite,
lamprophyre, andesite porphyry, diorite porphyry, dacite porphyry,
quartz porphyry, and aplite. With the possible exception of the horn-
blendite and some of the quartz porphyry, all postdate deformation,
for they are largely controlled by fractures and partially controlled
by bedding planes and formation contacts. Some tabular bodies of
quartz porphyry in the Copley greenstone probably were feeder dikes
for the Balaklala rhyolite and are much older than the bulk of the
hypabyssal rocks. However, only a few of these Balaklala feeder
dikes were recognized.
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Conglomerate of Late Cretaceous age and well-cemented gravel
belonging to the Red Bluff formation of Pleistocene age overlie the
basement rocks unconformably in the southeastern part of the quad-
rangle. Recent stream gravels, older gravels possibly correlative with
the Red Bluff formation, slope wash, and landslide debris obscure
the bedrock geology in many places. The relationship of rock units
in the French Gulch quadrangle is shown diagrammatically in figure 2.

F10URE 2.—Qeneralized diagrammatic section of rock formations in the French Gulch quadrangle.

Formation Age No. Formation Age Ng.

Unconsolidated depos- Recent-.-ceooooo..... 12 [ Kennett(?) formation.. Devonian........._.. 5

its. Balaklala rhyolite..... .... A0enavnnn-- . 4
Red Bluff formation... Pleistocene........... 11 { Copley greenstone..... Devontan(?).. - 3
Cretaceous rocks...___ Cretaceous._......___. 10 | Abrams mica schist.... Pre-Silurian.. -2
Dikerocks............ Jurassicor Cretaceous- 9| Salmon hornblende RO T R 1
Shasta Bally batholith. ....d0.cccaccaceeeun-. 8| schist.
Mule Mountain stock. 7
Bragdon formation (u; 6

per and lower units),

ROCK UNITS
ABRAMS MICA SCHIST AND SALMON(?) HORNBLENDE SCHIST
GENERAL DESCRIPTION

Schist that ranges in color from light gray and light green to
greenish and grayish black underlies an area of about 1 square mile
in the extreme southwestern corner of the quadrangle. It also crops
out over large areas in adjoining quadrangles to the west and south.
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Most, of this schist is coarsely crystalline, but some is fine grained.
The schist is not homogeneous but consists mainly of four different
rock types interlayered in beds a few feet to a few hundred feet thick.
The main types are albite-actinolite-biotite schist, plagioclase-biotite-
actinolite schist, quartz-muscovite schist, and albite-quartz-muscovite-

chlorite-epidote schist. Because individual beds could not be mapped

separately, owing to poor exposure, the schist is shown on the geologic
map (pl. 1) as a single unit. It appears that albite-actinolite schist
and plagioclase-biotite-actinolite schist are present in about equal
amounts and together constitute a slightly higher proportion of the
formation than quartz-muscovite schist and albite-quartz-muscovite-
chlorite-epidote schist.

Much of the schist shows a thin banding caused by the segregation
of light- and dark-mineral constituents into more or less discrete
layers. This banding parallels contacts between different rock types
as well as schistosity and is thought to represent original bedding.
In places, lenticles and knots of quartz and pegmatitic material occur
in the schist, and both replacement and dilation dikes of fine-grained
hornblende-quartz diorite cut it locally. Crinkles, drag folds, and
terrace folds in the schistosity are common; in places the schistosity
is cut at a high angle by a conspicuous slip-cleavage.

Hinds (1933, p. 81-84, geologic map) mapped the schist in the
southwestern part of the French Gulch quadrangle partly as Abrams
mica schist and partly as Salmon hornblende schist. These forma-
tions were named by Hershey (1901) from exposures in the Trinity
Alps northwest of the French Gulch quadrangle, and Hinds (1932)
grouped them together as the Siskiyou terrane. :

As described by Hershey (1901), the Abrams mica schist is overlain
by the Salmon hornblende schist, and at the boundary between them
is a gradational zone of graphitic and actinolite schist 5 to 15 feet
thick. Whether Hershey recognized more than one layer of actinolite
schist in the Abrams is not known, but there are several layers of
albite-actinolite schist in the southwestern part of the French Gulch
quadrangle. These may mark a thicker transition zone between the
dominantly sedimentary Abrams and the dominantly volcanic Salmon
than is present farther northwest where the formations were named
by Hershey.

Irwin (1960a, p. B315), from detailed mapping in the Weaverville
quadrangle west of the French Guich, has found the Abrams mica
schist to overlie rather than underlie the Salmon hornblende schist.
He regards the albite-actinolite schist layers in the southwestern part
of the quadrangle as part of the transitional zone between the Salmon
and Abrams formations (oral communication, 1960).

Hornblende gneiss and amphibolite, interlayered in places with
quartz-plagioclase gneiss and quartz-plagioclase-garnet gneiss, crop
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out along the southwest side of the belt of ultramafic rock in the
southwestern part of the quadrangle and also in places along the
northeast side of this belt. This sequence represents a higher meta-
morphic grade than the schists and, inasmuch as it has a close spatial
relationship to the Shasta Bally batholith, it is interpreted as being
in the contact aureole of the batholith. Whether the hornblendic
rocks of this sequence represent part of the Salmon hornblende schist
or simply part of a thick transitional zone between the Abrams and
Salmon formations could not be determined in the French Gulch
quadrangle, and therefore the two units are not differentiated on the
geologic map (pl. 1).

PETROGRAPHY

Study of thin sections reveals that the undifferentiated schist for-
mations include a variety of petrographic types, but that four general
types predominate. These dominant types are albite-actinolite-biotite
schist, plagioclase-biotite-actinolite schist, quartz-muscovite schist,
and albite-quartz-muscovite-chlorite-epidote schist. The two actino-
lite-bearing types are the most common. In the albite-actinolite-
biotite schist, actinolite is the principal mafic mineral; in the plagio-
clase-biotite-actinolite schist, biotite predominates over actinolite.
Most specimens of these two rock types show a mixture of the two
mafic minerals the actinolite being partly altered to biotite. Actino-
lite is present in all specimens, whereas biotite is not. Other common
minerals, include garnet, chlorite, sphene, leucoxene, black opaque
minerals, pyrite, quartz, calcite, apatite, and zircon. The plagioclase
is generally albite in the actinolite-rich rocks, but it ranges to oligo-
clase and sodic andesine in the biotite-rich rocks. Twinning is absent
in albite and rare in the more calcic plagioclase. Sieve texture is
common, as also is helicitic structure, which shown by the alinement
of included ferromagnesian minerals, sphene, and more rarely, quartz,
in plagioclase porphyroblasts. The actinolite forms elongate needles
that in most specimens are markedly alined, but in a few specimens
form radiating clusters. It commonly is slightly pleochroic and
shows a distinct bluish tint when oriented parallel to the Z vibration
direction. The biotite is generally pale brown to reddish brown.

In the quartz-muscovite schist and the albite-quartz-muscovite-
chlorite-epidote schist the proportion of the main minerals differs
greatly among specimens. Albite forms irregular porphyroblasts
and has alined inclusions of quartz and epidote that give a helicitic
structure. Quartz forms mosaics of irregular grains mostly in and
between albite porphyroblasts. Muscovite occurs as elongate tabular
crystals in discrete layers. The crystals are strongly crumpled and
bent. Epidote replaces muscovite and chlorite and occurs as inclu-
sions in albite porphyroblasts.

Petrographic data are summarized in table 1.
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GEOLOGY OF THE FRENCH GULCH QUADRANGLE, CALIF.

911301q PoIdj[e JO VU
-sead Aq 3deox? 9OAYI
elepye[eg 9yj Jo e14gdog
-8y zjrenb onuigdiod
woly  d[qBUsMIuySIpul
AL1Lydoxd s1y} ‘ouax0onay
pus  suayds ‘9JlIOIYd
‘9710180 ‘wolwW B)I1gM
poureis-aug Aq Asnoyd
-1owropnasd poseidox
s)sfroousyd 9)1901q (919
-fe aund Apreau Jedsppog

*10100 Ul
£®13 ysjueol3 Yrep A[ISON

5 89S £100UdX
8qQ A'vw 98y} S[EISAID
9)1301q pue zjrenb papol
-100 ATY31Y 9Jel Ssurejuop
‘pepunol
yonuw sj3sAooudyd zyrenb
‘sjonpord wonrige Aq
pepnojp pus dueivddde
Jno-poysem oped 9wy
S[BIdUIW UBISAUSBUIOLIO)
‘uoywzZIIq[e  JO  sadels
SNOIIBA SMOYS 9SB[O0ISe[]
) *S[eJouTm UOT)
-B19)[8 snoleA Aq poju
-8dmwo008 9J8 PUB 90UB
-readde yno-paysem ered
® 98 A[[eIdusd 931301
puUsB  9pUS[qUIOY (WA
-109ds gunes Ut UOPBZRIq[E
JO soge)s snouma Mmoys
s[e)sA10 oseroorde(d pouoyz

‘qre
pue zjrenb o $)SAI0
-ousyd Surasy o111
-Aydiod ‘re[nuessd
-0ID[u SUI[[BISLID0I0H
‘unu g
03 asepootderd jo
PUB W 9 03 3pUB[q
-u10q jo sjsAroousyd
yy1m onuAyd
-10d ‘I8MUBII0IO N
‘s3sL100uaydoJoTTu
© eseporseld pus
s1sf10oueyd opud[q
-u10Y [BIPOYND
Suraey ontrAygdiod
‘yenued o1ydIowoIpy

‘spesdur
UBISOUFRINOLIB) pUt
‘zjrend ‘asepoorgerd

Jo syshroouayd

Sujaeq onyuAyd

-10d ‘as[nueisosorur
oydrowmoIptdA

sysf£1oomayd
931901q pUB ‘@pud[q
-u1o0y ‘esepolderd
Suaey onjuasgdiod
Amoururod ou1syd
-ouels 0} re[nueld
owgdiourolptd A3

)

TN pu® g

“9UAIN0ONI| ‘auayds

‘0udd ‘aope ‘a1

-0[yo ‘931301q ‘BOIUI
1AM panlers-aurg

*9JI0[YO ‘s[esauTUL

£8] ‘910180 ‘931S102

‘ggrjeusew ‘g0
-ede ‘ajopide ‘ynorg

‘sonbedo yoe[q
‘011101 ‘euayds
‘amolq ‘zjrend

*(3)aseoy)1o
‘sonbedo yovlq
‘9uox0ono] ‘ouoyds
“931S10Z0UID ‘BoIL
14 paulesd-ouy
‘@yolq ‘Opus[quIOHT

*9uAX00N9|

‘ajruow]] ‘1jeusent

9310189 ‘asB[O

-o0y310 ‘auayds ‘911

-0[Y2 ‘Bd1ux NIYM

poutsid-euy ‘9j0p
-1d9 ‘zjrenb ‘ojn301g

*0j1901q ‘z3Jenb
‘BpuRIquUIOH

“o3101q

‘Opud[quUIOH

..... A1qre ‘z3end

. Q-ls-ﬂ&&
ose[olseld
‘ApUI[qUIOH

"apudfquioq ‘(%
-%uY) 9sB[o0ISB[J

“031qe ‘(o
~ray) eseoigelg

"o}Iqre ‘(3ainoz

L103e[moso
_[emIou SMOYS
Aluowrwod) (&8

-2tuy) ase[oo[deid

*(1e-0g *d

‘p161 ‘UOSN3Io g

Jo A1sydiod

9)1uB13 BpoOS)
A1£ydiod z31endH

*K18qdiod
ajIsepuy

‘R14qdrod 91
-0Ip OpUI[qUIOH

‘(A14qdiod 049

-spaq,,) £18yd
-10d 8j1101p
zj3aenb pus

K1Lydiod 991981

‘A1Lkydiod

(,248sp11q,,)

931101p 9pUdIq
-ulog-gyK01g

_ -myomyeq
Afreg ejseys o)
1d30x9 SUO{)BUIIOS

1le uy STOS pue saxIq

“¥00)s urey

-UnNo S[NN pue

9u0)sudaIg Ao[dop
o) ojuy Ajureur -
dafsnnut I

*$J1UN Y901 19730 .
oyul A{[8o0] put
ujrogyeq Ared

©)SBUS 09u] OA[SNIJUT

‘sjiun

501 19730 03U}

0S]8 11t( UOf)BULIOJ

uopselg 9y} ojul
AfurBur aafsniuy





J18 CONTRIBUTIONS TO GENERAL GEOLOGY

COPLEY GREENSTONE
GENERAL CHARACTER AND DISTRIBUTION

The overall distribution of volcanic rocks within and beyond the
limits of the French Gulch quadrangle indicates that during probable
Early Devonian time, much mafic material and a considerable volume
of felsic material was erupted more or less contemporaneously, though
probably from different volcanic centers. The eruption of these ma-
terials was followed by the eruption of a large volume of predominantly
intermediate and mafic lavas and pyroclastic material that are mapped
as Copley greenstone containing minor felsic material of the type
mapped as Balaklala rhyolite; later, a great outpouring of felsic
material formed the main mass of the Balaklala in the northeastern
part of the quadrangle and adjacent areas. This overlapping age
relationship between mafic and felsic volcanic rocks, characteristic of
the Copley greenstone and the Balaklala rhyolite respectively, makes
it necessary to distinguish between the two formations entirely on the
basis of lithology. The mafic volcanic material is designated as Cop-
ley greenstone on the geologic map (pl. 1), and the felsic volcanic
material is shown as Balaklala rhyolite, regardless of its position in
the volcanic sequence. Consequently, except in the northeastern part
of the quadrangle and in the adjacent central part of the West Shasta
mineral belt, the contact between Copley greenstone and Balaklala
rhyolite has no time-stratigraphic significance.

The Copley greenstone crops out in a belt 1 to 2 miles wide that
extends from near the southeast corner of the quadrangle northwest-
ward to Whiskeytown. This belt lies between the Shasta Bally batho-
lith on the west and the Mule Mountain stock on the east (pl. 1).
Near Whiskeytown, the dips are northeast at moderately low angles;
farther south, the dips seem to be steeper to the northeast but reliable
data on bedding are scarce. North and northwest of Whiskeytown,
the outcrop area of the Copley broadens to a width of several miles,
and near the Jatitude of Merry Mountain the formation passes beneath
younger rocks. It reappears as inliers at several places in the extreme
northern part of the quadrangle. From the map pattern (pl. 1), it
seems likely that the Copley extends beneath the entire north third
of the quadrangle.

The Copley consists of intermediate to mafic pillow lava, massive
flows, flow breccia, coarse- and fine-grained pyroclastic material, minor
tuffaceous shale, and shale. Approximately the upper 1,000 feet of
the formation is amygdaloidal pillow lava that contains subordinate
lenses of fragmental material. Most of the lithologic units seem to
be lenticular. , :

Within the aureole of the Shasta Bally batholith, the Copley has
a conspicuous gneissic foliation and is strongly metamorphosed. Far-
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ther away from the batholith, the greenstone consists mostly of weakly
schistose to nonschistose keratophyre, spilite, and meta-andesite.
These petrographic types are not distinguishable from each other in
the field and can be distinguished only with difficulty in thin section.
A highly important fact bearing on origin and metamorphism is that
although the keratophyre, spilite, and some meta-andesite are almost
completely reconstituted mineralogically, they retain their original
igneous textures and structures. Only in localized shear zones, where
these textures and structures are obliterated by shearing, is there doubt
as to therock’s original character. -

STRATIGRAPHIC RELATIONS AND THICKNESS

In the northeastern part of the quadrangle and in adjacent areas
to the northeast (Kinkel and others, 1956, pl. 1), the Copley green-
stone is overlain by the Balaklala rhyolite of Devonian age; elsewhere
in the northern part of the quadrangle, the Copley is either overlain
by, or is in fault contact with, the Bragdon formation of Mississippian
age; in the central and southern parts of the quadrangle it is intruded
by the Shasta Bally batholith and by the Mule Mountain stock of
Jurassic or Cretaceous age.

In the southeastern part of the quadrangle, however, sheets of
felsic rock similar to the Balaklala rhyolite are interlayered and
apparently contemporaneous with the Copley greenstone. The best
examples of this relationship are south of Mule Mountain and for
several miles northwest of Monarch Mountain. Except in the vicinity
of the upper part of Dry Creek, where the strike is anomalously
northeast and the Balaklala is infolded in the Copley (pl. 1), these
layers of felsic rock strike northwest and dip northeast in what seems
to be a homoclinal sequence. Available structural and stratigraphic
evidence indicates that many of these sheets of silicic rock are overlain
by several thousand feet of Copley greenstone. Other layers of felsic
material in the vicinity of Grizzly Gulch and on Merry Mountain are
stratigraphically somewhat higher in the Copley section, but<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>