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Picture Gorge Basalts
(15-16.4 Ma)

Rattlesnake Formation:

Mascall Formation:

Picture Gorge Member:
Member of the Columbia 
River Basalt Group; basalt 

John Day Formation:

prominent paleosols

Clarno Formation:
Broadly calc’alkaline basalts
to rhyolites, with clastics and
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Abstract:
The Crooked River region near Paulina, Oregon has exposures of Oligocene to 
Miocene volcanic rocks. The lowest exposed formation is the Clarno. Above 
is the John Day formation, Mascall Formation, the Rattlesnake formation and 
Rattlesnake ash-flow tuff. Atop these, are Columbia River Flood Basalts 
(CRBs) that erupted 18-8 Ma. During the Neogene, these formations have 
undergone significant deformation including both broad scale folding and 
faulting. Recent geologic mapping has revealed a distortion of the volcanic 
package. In some locations, it becomes difficult to be sure if basalt outcrops 
are of the lower Clarno Formation or the upper CRB Formation. This study 
aims to compare the geochemistry of the unknown basalts to compiled 
suites of basalts from known formations in order to determine the map 
unit.   Elemental abundances, of minor and major elements, were 
determined using X-ray Fluorescence Mass Spectrometry (XRF). A literature 
search was conducted to create a database of published Clarno and CRB 
geochemistry, much of which exists for the CRB group but relatively little 
data has been published on the Clarno. Of the unknown basalts, we have 
determined that many are more geochemically similar to the CRBs, while 
some are similar to the Clarno. These results confirm the presence of large, 
inactive normal faults previously unrecognized. 
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1. The currently 
mapped doubly 
plunging fold requires 
Picture Gorge Basalts 
to be directly on top of 
Clarno, which makes 
up the core of the fold. 

The geochemical results suggest all of 
the unknown basalts are Picture Gorge 
Basalts, which supports hypothesis 2.

The raw rock sample must be smashed, crushed, 
powderized, and melted or pressed before it can 
be analyzed in the X-Ray Mass Spectrometer (XRF)

The Picture Gorge Basalts are a member of 
the much larger Columbia River Basalt 
Group that covers much of eastern Wash-
ington and Oregon. This Large Igneous 
Province (LIP) marks the initiation of 
hotspot volcanism related to the Yellow-
stone Hostspot. Though the individual 
groups of CRBs vary, the plume-related ba-
salts are tholeiitic in composition.

The University of Oregon Geology Field 
Camp has been working in this area over 
the last three summers in one week 
intervals. The aim of the course is to 
teach �eld mapping techniques, but 
there is also a driving research goal: to 
investigate the Quaternary active faults. 

Several previously unidenti�ed faults 
have been identi�ed, some of which 
have geomorphically young scarps. 

In this project, we are investigating one 
of these faults by using geochemistry to 
determine if assumed map units are  
correct.
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Photos A-E show the beauty of this section of rock. In 
addition to the beauty, this section provides an amaz-
ing fossil record of  Eocene-Miocene North American 
climate, �ora, and fauna. E) Landslide deposits of the 
Clarno Formaion. D) Big Basin member of the John 
Day formation, also known as the Painted Hills. The 
red paleosols represent a tropical climate. C) Turtle 
Cover member of the John Day formation overlain by 
the Picture Gorge Basalts. The green paleosols repre-
sent a drier climate and soils supporting open oak 
woodlands. B) A spectacular exposure of columnar 
jointing withing the Picture Goreg Basalt �ows. A) The 
light colored Mascall Formation paleosols represent 
grasslands, which are overlain by Rattlesnake 
Ash-�ow Tu� composing the �at horizon. Photos by Marli Miller
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The volcanics of Clarno Formation are 
broadly calc-alkaline. These volcanics rep-
resent a change in the subducting Farallon 
plate after the Siletzia Terrane was accreted. 
A new subuction zone formed to the west 
of Siletzia,  the abondoned slab delaminat-
ed and created back-arc volcanism (Clarno 
Formation).

2. Field investigation 
suggests the Picture 
Gorge Basalts are 
faulted, making a 
graben in the center. 

A

A’

A A’

A A’

TEST:
Geochemical Analysis 
using X-Ray Mass 
Spectrometry to deter-
mine if basalts are 
calc-alkaline or 
tholeiitic

HYPOTHESES: 

Rock type of the unknowns and representative samples of both formations. Rock type of the unknowns and representative samples of both formations. 

A-F-M diagrams showing the basalt classi�cation of each group of 
basalt.

1) All CRB samples plot in tholeiitic �eld.
2) Clarno Basaltic-andesites plot as calc-alkaline, while basalts 
plot as high-MgO tholeiites. 
3) All unknowns plot in the tholeiitic �eld (none with high MgO).
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UO Field Camp will continue to work in this area.

The Clarno Volcanics are understudied, mostly limited by map-
ping. A future study will focus on the distribution of rock types 
within the Clarno basin.

Becuase of the superb rock processing and geochemical analysis 
equipment at UWEC, the institutions will continue to collaborate 
on this project, potentially including UWEC students in mapping.

The O�ce of Research and Special Programs (ORSP) 
funded the student work for this project. A special 
thank you to Karen Halvholm, Lorilie Steinke, the Ge-
ology Department Faculty of UW-Eau Claire, PIs of 
this project, and the LTS printing services.


