riods when the lake became shallow and
vegetation on the lower slopes became
more open. Sarcobatus and Cyperaceae
spread over the exposed flats, and Spar-
ganium expanded in the shallower wa-
ter. Pine forests along the lower slope
were replaced by a more open pine
woodland that featured at different times
Artemisia, Gramineae, and herbs in the
understory and possibly Juniperus at its
lower edge. At the same time the contri-
bution from hardwoods growing in the
valleys increased in the pollen record.
The three arid periods are estimated to
have lasted 5000 to 50,000 years (inferred
from T2), 21,000 to 210,000 years (T4),
and 2000 to 20,000 years (T6). The inter-
vening wetter intervals lasted 1000 to
11,000 years (T3) and 1000 to 10,000
years (T5).

Pollen data from the Teewinot Forma-
tion help pinpoint the increase in conti-
nentality in the Rocky Mountains in the
late Tertiary. Older Neogene floras in
the western United States contain coni-
fer assemblages with notable subtropical
and temperate elements (9, 10), but the
Teewinot record shows that the extirpa-
tion of these early Tertiary relicts was
nearly complete in the Rocky Mountains
by 9 million years ago (/7). In northwest-
ern Wyoming, post-Teewinot assem-
blages show an essentially modern flora
by late Blancan (latest Pliocene) time
(12). Epeirogeny, creation of orographic
barriers to maritime air masses from the
Pacific Ocean, and global climatic cool-
ing all contributed to the development of
drier conditions and greater seasonality
in the West during the late Tertiary (/3).

The vegetation reconstructions de-
rived from the pollen data of this one
interval of the Teewinot Formation sug-
gest that climatic oscillations, each with
a time span lasting between 1000 and
200,000 years, have occurred repeatedly
during the late Miocene. These findings
suggest that the Tertiary lake deposits
such as the Teewinot Formation have
the potential to reveal the nature of pre-
Quaternary climatic variability.
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Turbulent Jets and Eddies in the California Current and

Inferred Cross-Shore Transports

Abstract. The instantaneous California Current is seen to consist of intense
meandering current filaments (jets) intermingled with synoptic-mesoscale eddies.
These quasi-geostrophic jets entrain cold, upwelled coastal waters and rapidly
advect them far offshore; this behavior accounts for the elongated, cool surface
features that are seen extending across the California Current region in satellite
infrared imagery. The associated advective mechanism should provide significant
cross-shore transports of heat, nutrients, biota, and pollutants. The dynamics of the
current system should be crucially influenced by its highly variable structure.

The California Current is the major
eastern boundary current of the North
Pacific. Its flow regime is important for
fisheries and climate-related processes;
for oil and gas recovery operations and
waste disposal; for biological, chemical,
and geological investigations; and for
physical oceanographic studies. None-
theless, the role of this current in the
general circulation is not clear and its
kinematics and internal dynamics have
not been established. Such eastern
boundary currents have generally been
thought to be broad, shallow, and slow
(1, 2), although some reports (3) of ed-
dies, generally based on sparse informa-
tion, do exist.

In a sequence of three quasi-synoptic
studies conducted in March through Au-
gust 1982, we mapped hydrographic
fields with high spatial resolution within
a domain 160 by 200 km in the California
Current System (CCS). The flows that
we observed did not consist of the previ-

ously conceived steady southward drift;
instead, they were highly variable in
space and time and were dominated by
variously oriented jetlike strong current
filaments and eddies. Preliminary results
are presented here to provide new, rele-
vant kinematic concepts and to aid in the
interpretation of satellite infrared imag-
ery from such regions. These studies
initiated acquisition of a database in a
“‘test block™ of ocean established to
provide the basis for a statistical-dynam-
ical eddy-resolving model system for
ocean prediction in general (4), and to
provide for a dynamical analysis of the
role of the eddies in the CCS (CCS is
used here to connote an aggregate of
flows: the California Current, the Cali-
fornia Undercurrent, associated eddies,
and transients, which coexist and inter-
mingle along the West Coast). This effort
was an early step in the Naval Postgrad-
uate School-Harvard OPTOMA (Ocean
Prediction Through Observations, Mod-
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Fig. 1. The union of the study domains for CCS2, leg I (1 to 4 August 1982), and CCS2, leg IT (9
to 12 August 1982), is outlined (see Fig. 2). Superimposed are schematized positions of the jet
and synoptic-scale eddies for CCS2, leg I, and their logical extrapolations; C, cyclonic eddy; A,
anticyclonic eddy. Arrows indicate principal surface flows; solid arrows are definite and open
arrows are inferential. Also shown is a qualitative analysis of satellite infrared image gray
shades forsea-surface temperature (SST) predominant patterns on 1 August 1982: coolest SST,
crosses; warmest SST, dots.

170

120

/ S 84
. 70 T l/ll\
150 - 10 0
. 4/
. -1 84
100 1
. 150
. 1—84
i _
50 — 1
- 100+
y -“)
- b
O T T T T T T T T T T T 711 T o
0 50 100 -
50—
50 km .
- (
O rTT 17 m| T

0 50 100

Fig. 2. Surface dynamic topography relative to 450 m. On the left is the superposition of the
CCS2, leg I (the larger), and CCS2, leg II, study domains. The surface dynamic topography is
contoured at intervals of 2 dynamic centimeters. The surface geostrophic flow is along contours
to the right when facing from high to low values. ’
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eling, and Analysis) Program. The three
quasi-synoptic (that is, the regime varied
somewhat over the duration of sampling)
studies are labeled CCS1 (8 to 12 March
1982), CCS2, leg I (1 to 4 August 1982),
and CCS2, leg IT (9 to 12 August 1982).
They acquired, respectively, 99, 85, and
82 expendable bathythermograph (XBT)
casts to 450 m and 0, 26, and 37 conduc-
tivity-temperature-depth (CTD) casts to
between 500 and 1500 m, within a do-
main centered about 150 km offshore of
Northern California (Fig. 1).

The characteristics of the grid of ob-
servations for CCS2, leg I, illustrate the
sampling strategy. Relatively high-reso-
lution (9 km) sampling was done along
four lines spaced 40 km apart and orient-
ed more or less parallel to the coast [in
contrast to the usual cross-shore orienta-
tion of hydrographic lines (2)]. Our strat-
egy allowed for the subsurface resolution
of prominent features of the cross-shore
sea-surface temperature (SST) indicated
in satellite infrared imagery. For calcu-
lating density and dynamic height pro-
files from the XBT’s we inferred salinity
profiles from the temperature profiles
using mean temperature-salinity curves
for the region based on California Coop-
erative Oceanic Fisheries Investigations
hydrographic casts, since the mean tem-
perature-salinity curve calculated from
the CCS2 CTD data agreed closely with
that mean. To describe the surface geo-
strophic flow, the dynamic height of the
surface was computed relative to 450 m,
consistent with the traditional regional
geostrophic reference level of 500 dbar
(500 m). Although recent direct current
measurements south of Mendocino Es-
carpment indicate deep (presumably
geostrophic) flows of 5 cm sec™' or
greater with time scales of a few months
(5) and suggest a variable reference lev-
el, our picture of the main thermocline-
to-surface flow should be reliable.

Quasi-synoptic maps of surface dy-
namic topography for CSS2, leg I and leg
II, illustrate the geostrophic jet and eddy
fields (Fig. 2). In CCS2, leg I, the general
pattern contained a jet 40 km wide with
speeds up to 50 cm sec™! flowing north-
west (opposite to the climatological
mean California Current). This jet was
formed by the joining of two branches,
one originating in the southeast and the
other in the southwest. It weakened with
depth and extended to a few hundred
meters, that is, throughout the main ther-
mocline. The volume transport of the
jet was about 2 sverdrups (2 X 10® m?
sec 1), which is about 20 percent of that
of the climatological mean California
Current. The flows on either side of the
jet were consistent with a major pair of
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counterrotating [one anticyclonic (high)
and one cyclonic (low)] eddies; smaller
mesoscale eddies were also present with-
in the domain. In CCS2, leg II, the jet
had a more alongshore orientation and
its intensity had changed. The changes in
jet orientation and intensity were con-
sistent with (i) northwestward displace-
ment of the main cyclonic eddy at a rate
of 8 to 12 km per day; (i) westward
displacement of the main anticyclonic
eddy at rate of 2 to 4 km per day; and (iii)
westward dispersion of the jet, at a rate
of 3 to 5 km per day, in the ““wake’’ of
the cyclonic eddy. In CCS1, the general
pattern (not shown) was a branching jet
flowing from northwest to southeast with
smaller mesoscale eddies 15 to 30 km in
diameter and indications of larger (100 to
200 km) features centered outside the
domain. In each quasi-synoptic realiza-
tion, the CCS included one or more jets
(intense current filaments) apparently
meandering between counterrotating ed-
dies.

We analyzed qualitatively an Ad-
vanced Very High-Resolution Radiome-
ter infrared image (from the NOAA-7
satellite) of the SST field (1 August 1982)
for an approximately 500-km square do-
main centered on the study area with
only the predominant features schema-
tized (Fig. 1). The general pattern is
indicative of cool water upwelled at the
coast in the summer season and of rela-
tively warm water advected equatorward
by the large-scale California Current.
The band of cool water extending off-
shore from the coast and cutting through
the CCS2 domain is a striking feature.
This feature is also dominant in the SST
map determined from the in situ XBT
and CTD data; the SST map, in addition,
indicates a sharp surface temperature
front (2°C per 20 km; actually, 2°C per S
km in continuous underway data) on the
southern boundary of the cool feature.
From the in situ data, the cool feature
was about 30 m thick. Comparison of the
dynamic topography and the SST maps
confirms that the cool feature was coin-
cident with the geostrophic jet, which
had presumably advected the feature off-
shore from the coastal upwelling center
off Point Arena. The cool feature enter-
ing the domain with the jet also appears
in the infrared image. (There is apparent-
ly another cool feature in the image,
cutting across the cyclonic eddy C. It
may be a relic or may be controlled by
some other mechanism. Alternatively,
since there was a 3-day delay between
the capture of the infrared image and the
in situ sampling in that area of the do-
main, this cool feature may have been
connected with the other one and, subse-
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quent to the imaging, may have been
displaced northwest with the cyclonic
eddy.) Nearshore, near-surface drifters
have documented (6) episodic offshore
flowing jets in wind-driven coastal up-
welling waters off Point Arena, consist-
ent with the results described here.

In summary, a new conceptual picture
of the CCS as a system of filamented jets
meandering between synoptic-mesoscale
cyclonic and anticyclonic eddies has
emerged. The jet and eddy system can
change substantially on a weekly time
scale. The source of these eddies and
their role in the local internal dynamics
of the CCS (in either driving or damping
the jets) have yet to be determined. This
conceptual picture provides a mecha-
nism (entrainment of cool water up-
welled nearshore and subsequent off-
shore advection by jets and eddies) to
explain the cool features commonly seen
in satellite infrared imagery to extend far
offshore from coastal upwelling centers.
The advection of cool coastal waters to
substantial distances offshore (100 km or
more) has significance for the rapid (a
few days) offshore transport of nutrients
and biota associated with coastal upwell-
ing and of pollutants discharged in the
coastal ocean. The jets and eddies also
advect warm offshore waters onshore to
the coastal ocean. The implications of

these results need to be incorporated in
models of coastal ocean circulation, eco-
systems dynamics, pollutant dispersal,
fisheries, and climate.
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Structural and Bonding Changes in

Cesium Iodide at High Pressures

Abstract. Cesium iodide, a simple ionic salt at low pressures, undergoes a second-
order transformation at 40 gigapascals (400 kilobars) from the cubic B2 (cesium
chloride~type) structure to the body-centered tetragonal structure. Also, the energy
gap between valence and conduction bands decreases from 6.4 electron volts at zero
pressure to about 1.7 electron volts at 60 gigapascals, transforming cesium iodide

from a highly ionic compound to a semiconductor.

The structural transition

increases the rate at which the band gap closes, and an extrapolation suggests that
cesium iodide becomes metallic near (or somewhat above) 100 gigapascals. Similar
changes in bonding character are likely to occur in other alkali halides at pressures

above 100 gigapascals.

Alkali halides are considered to be
archetypal representatives of simple ion-
ic bonding (/). Among these salts, Csl is
of particular interest because its high
compressibility allows the bonding
forces to be probed over a substantial
range of interatomic distances (2). The
effect of pressure on ionic bonds should
therefore be especially pronounced in
this compound, and should not be ob-
scured by crystal-structural transforma-
tions. This is because Csl at zero pres-
sure is already in the high-pressure struc-
ture of the alkali halides: the B2 or CsCl-
type structure (3). Indeed, on the basis of

geometric packing, the B2 structure is
thought to be the highest pressure phase
accessible to the alkali halides (3). This is
in accord with existing shock wave data
that show no evidence for a first-order
structural transition in CsI to a volume
compression of 0.47 (4, 5).

Cesium iodide is isoelectronic with
xenon, which has recently been the sub-
ject of considerable attention (6). The
behavior of xenon and the other noble
gases at high pressures is of theoretical
interest because of the expectation that
significant changes in bonding charac-
ter occur under sufficient compression.
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