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Abstract

The 16 km thick early to middle Eocene Crescent Formation exposed on the Olympic Peninsula 
represents one of the thickest stacks of basalt on Earth. It is variably metamorphosed at low grade, 
with evidence of both medium- and high-P/T conditions. Metasomatism is localized within a small 
number of layers, with variation relative to average values of as much as five standard deviations. The 
upper section tends to be lower grade but few systematic trends in mineralogy or mineral composition 
correlate with stratigraphic position. The boundary region between the lower and upper members con-
tains the most dramatic metasomatic alteration as well as the best examples of barroisitic amphibole. 
Observations are consistent with a model in which extrusion of the basalt stack led to medium-P/T 
burial recrystallization in the zeolite and prehnite-pumpellyite facies, followed by localized, possibly 
fluid-facilitated lower-blueschist facies metamorphism; this high-P/T metamorphism may reflect the 
lowering of isotherms caused by subduction-zone refrigeration to the west of these rocks.

Keywords: Olympic Peninsula, metabasalt, high P/T, blueschist, greenschist, Crescent Formation

Introduction

The Crescent Formation represents one of the thickest 
sequences of volcanic rock on Earth; this ~16 km thick stack 
of basalt is fairly uniform in its composition and primary min-
eralogy. Such a thick stack of fine-grained homogeneous rock 
provides an excellent opportunity to examine low-grade burial 
metamorphism.

The studied section consists of a sequence of submarine 
(lower Crescent Formation) to subaerial (upper Crescent For-
mation) basalt flows (Babcock et al. 1992) that erupted during 
the early to middle Eocene. They apparently erupted as part of 
a rift zone along the continental margin (Babcock et al. 1992), 
and now crop out in a horseshoe-shaped pattern open to the west, 
surrounding the Olympic Mountains on the Olympic Peninsula 
of Washington State (Fig. 1). They are part of the Paleocene to 
Eocene Coast Range Volcanic Province (CRVP) that extends 
from the Metchosin Igneous Complex on southern Vancouver 
Island south to the Roseburg Volcanics in western Oregon.

In addition to the burial metamorphism mentioned above, 
these rocks apparently also underwent high-P/T metamorphism 
due to their proximity to the accretionary prism that currently 
forms the rocks of the Olympic Mountains massif. The purpose 
of this paper is to describe the metamorphism of these rocks; 
we document evidence for burial-related zeolite- and prehnite-
pumpellyite-facies recrystallization as well as subduction-related 
low-blueschist-facies metamorphism.

Geologic background

The Crescent Formation dominates the Crescent terrane, a 
sequence of basalts and marine sediments that surrounds the 

Olympic Core, a subduction complex dominated by disrupted 
and metamorphosed marine sedimentary rocks. The Crescent 
Formation is coeval with older rocks of the Olympic Core, but is 
everywhere in fault contact with them (Tabor 1987). The contact 
with the rocks to the east is covered by glacial deposits (Fig. 1), 
but has been interpreted to represent either a suture (e.g., Glassley 
1974) or a suture reactivated as a major transcurrent boundary 
(Johnson 1984). The Crescent terrane and associated CRVP 
rocks were deposited in extensional basins possibly produced 
as a result of oblique convergence of the Kula plate and/or the 
presence of the Kula-Farallon-North American triple junction 
(Babcock et al. 1992; Brown and Dragovich 2003). These rocks 
were caught between North America and the Olympic Core as 
the latter accreted onto western North America (Brown and 
Dragovich 2003). The Crescent Formation is correlative with the 
Metchosin Igneous Complex (MIC), which contains a similar 
stratigraphy of submarine basalt overlain by subaerial basalt 
on Vancouver Island to the north (Muller 1980; Massey 1986). 
Work in the MIC has interpreted it to be the upper part of an 
ophiolite sequence (Massey 1986) formed as an emergent island 
as part of an extensional zone, and now truncated by a fault at 
its base (Clowes et al. 1987). The Metchosin dips ~30° to the 
north-northeast but its metamorphic field gradient is westerly 
(Timpa et al. 2005).

New whole-rock radiometric analyses were recently pub-
lished for the Crescent Formation (Babcock and Hirsch 2006): 
the ages they determined via the 40Ar/39Ar isochron and whole-
rock fusion methods (in the laboratory of R.A. Duncan) range 
from 51.0 ± 4.7 Ma at the base of the upper (subaerial) member 
to 50.5 ± 1.6 Ma at the top (Fig. 2). A massive flow from the top 
of the lower (submarine) member was dated at 56.0 ± 1.0 Ma 
(but this sample shows evidence for substantial argon retention * E-mail: David.Hirsch@wwu.edu


