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Oregoné6és High Lava Plains Province (HL
rhyolitic volcanism. The Province caps the northern margin of the Basin and Range
Province and serves as a transitional region between westward extension of the Basin
and Range Province and unextended crust todh#. The High Lava Plains over-
lap an area dominated by abundant minor northstegting faults of the Brothers
Fault Zone. About 10 million years ago, silicic volcanism began at the eastern end of
the HLP and spread west, younging towards the Cascade arc. Basalts erupted along
the HLP are not age progressive. Most work in the High Lava Plains and Blue
Mountains has left the interface between the two provinces as a nondescript region
with few data capable to provide insight into processes active within this transitional
region. This thesis focuses on the transition near Hampton Butte!Ne#’Ar ages
for Hampton Butte and adjacent Cougar Butte definitively assign both to volcanism
during the emplacement of the John Day Formation and indicates a common origin.
These units underlie basalts and an andesite that have ages consistent with a pulse of

basaltic volcanism along the High Lava Plains around 8 Ma. An ignimbrite with



composition and age (3.8 = 0.6 Ma) consistent with outcrops at Espeland Draw, near
the town of Hampton, has a probable origin at Frederick Butte and is grouped here as
the Hampton Tuff. Further east, along the northern margin of the HLP, an age of 4.18
(= 0.14 Ma) was obtained for the basaltic andesite scoria cone of Grassy Butte. At
Dry Mountain a summit sample produced an age of 7.91 £ 0.12 Ma and is basaltic, a
contradiction with previous reports. A sample of rhyolite from Potato Hills, adjacent
to Hat Butte, yielded an age of 6.52 +.07 Ma.

Basaltic melts of this study appear to be near direct partial melts of the mantle
and are part of the volcanism of the High Lava Plains related to fault propagation and
extension. More evolved magmas of the High Lava Plains originate from isobaric
fractionation in isolated small magma chambers with little if any assimilation. The
eruption of these lavas may be a result of the timing between northeast to southwest
extension and Basin and Range east to west extension. The older (> 20 Ma) high sil-
ica rocks of Hampton Buttes are the result of diverse fractional crystallization paths

from a common basaltic source with little or no assimilation.
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Vol canism and Faulting along the Norther

Hampton Butte to Dry Mountain

Chapter One: Introduction

Oregonds High Lava Plains Province
olitic volcanism and caps the northwestern margin of the Basin and Range Province
of western North America where it serves as a transitional region between west
northwest extension of the Basin and Range Province and unextended crust to the
north (Figure 1.1 The High Lava Plains (HLP) overlap an area dominated by abun-
dant minor northwesstriking faults of the Brothers Fault Zone. Silicic volcanism
within the province began 10 Ma at the eastern end and spread west, younging to-
wards the Cascade ArEigure 1.2)Basalt erupted along the High Lava Plains is not
age progressive (Jordan, 2002a). To gain a better understanding of the High Lava
Plains it is essential to gain a better understanding of the margin between it and the
Blue Mountains Province to the north.

Most work undertaken in the High Lava Plains and Blue Mountains has left
the interface between the two provinces as a nondescript region with little specific
petrochemical and chronological data capable of providing insight into processes ac-
tive within this transitional region. Recent research efforts in the High Lava Plains
have been directed at determining the geochronology and composition of basalt and
silicic volcanic centers within the boundaries of the province (Grunder, 1995; John-
son, 2000; Jordan, 2002b; Jordan, 2004; Jordan, 2005). Prior to this, Walker and co-

workers compiled most of the available data on silicic and basaltic rocks and volcan-

has



Deschutes-
Columbia Plateau

Washington \

Blue Mountains

Mountains

(S
3
=
Newberry @)
Cragr
Brothers @®
Frederick Buite“
' 0 50 100

Grassy Butte
Potato Hill: -
B kilometers

High Lava Plains

Study Area

= | =
GRINDSTONE IZEE BAKER

O O e

NEW BOUNDRY OLD BOUNDRY BROTHERS FAULT OLDS FERRY WALLOWA CRETACEOUSTO
ZONE JURASSIC PLUTONS

Figure 1.1: Generalized map of the High Lava Plains and Blue Mountains Province
showing the relationship between the accreted terrains of the Blue Mountains Province
and features of the High Lava Plains that are discussed in this thesisGesgtor-

phic provinces of Oregon. Maps after U.S. Forest Service.

ism of the HLP while reconnaissanro®@pping the area (MacLeod, 1975; Walker,
1974; Walker and Nolf, 1981).

This thesis focuses on the western half of Hampton Buttes, unique for its re-
cord of volcanism, faulting, and petrology that spans the time between the early Oli-
gocene to early Pliocene with magmatic roots that likely draw some material from
the underlying older John Day and Clarno Formations. Geochronology and petro-

logic research was also done on Grassy Butte, Potato Hills, and Dry Mountain, all



Figure 1.2: Shuttle Radar Topography Mission (SRTM) based map revealing regional
fault patterns. Basin and Range northeast to southwest oriented normal faulting trans-
forms to northwest to southeast normal faulting of the High Lava Plains (USGS,
2004). The Image has been highlighted by light at-de&free angle from north, south,
east and west. The location of the Brothers Fault Zone relative to the labeled locations
is highlighted in Figure 1. Appendix 2 is a larger version of the region.

east of and within 30 kilometers of Hampton Buttes. As part of a larger project
funded by the National Science Foundation (US NSF Continental Dynamics), this
thesis adds to our understanding of (1) types of volcanism and ages; (2) timing of
faulting; (3) the relationship between volcanism and faulting; and (4) geochemical
data for sample collected along the northern margin of this region of bimodal volcan-
ism and extension.

Geologic mapping of the western half of Hampton Buttes was supplemented
by “°Ar-*°Ar dating on samples representative of rock units in the &late(1).

Chapter 2 contains a summary of stratigraphic relationships and petrologic character-



