possible to account for virtually all of the
paleomagnetically indicated rotations in pre~-
Miocene Tertiary rocke of the Pacific Northwest
by an exteasional tectonic model. As a conse-
quence, only part of the rotations in the pre-
Tertiary rocks of the eastern Columbia Embayment
need to be the result of accretionary tectonics.
The imitiation of magmatiem in the eastern
Columbia Embayment that ia represented by the
Claroo Formation itself may have been contem—
poraneous with the begiunning of cruetal extension
in the Pacific Northwest.

J. Geophys. Res., B, Paper 6B5949

1540 Rock and mineral magnetisa
Paleomagnetisa of red cherts: A case study in
Inuyema area, Central Japan
H. Shibuya (Dept. Earth Sci., Col. Integr. Arts &
Sei., Univ. Osaka Pref., Sakai, 591, JAPAN)
Jima

This study is an attompt to isolate and identi-
fy the primary megnetization in red cherts. Red
chert sasples from a =1ddle 'l’réau!.c sequence in
the Inuyasa area (35.4°N, 137.0°B), central Japan
have a sulticomponent magnetizatton, which is
delineated by thormal demagnetization. Two of
the cowponents have high coercivity and high
blocking temperatures; one is carried by hematite
and the other by magnetite. The former vas con-
cluded to be the primary magnetization for tvo
reasons; 1) it predates intra-formational fold-
ing, 2) it records geomagnetic reversals. The
other companent, shich accounts for the dominant
part of NRM, vas probably acquired at a time long
after the deposition. Two paleomagnetic results
vere drawn from the Niddle Triassic red chert
sequence: 1) The mean inclination of the sasples
in the sequence vas 1.4°16.8°. Therefore, the
paleolatitude amounts to 0.7°23.4°, in contrast
to the paleolatitude expocted from the Ngaopalo
of Eurasian continent, which is about 70°. 2)
The magnetostratigraphy of this sequence indi-~
cates that tvc geomagnetic epochs in the MNiddle
Triassic are considerabliy longer (more than
several million years) than the average of those
in  the Cenozoic. (Multicomponent sagnetization,
accretion tectonics, reversal frequency.)
J. Geophys. Res., B, Paper 6B5928
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PALEOMAGNETIC DIRECTIONAL DISPERSTION PRODUCED BY
PLASTIC DEFORMATION IN A THICK MIOCENE WELDED
TUFF, SOUTHERN NEVADA: IMPLICATIONS FOR WELDING
TEMPERATURES

Jo G. Rosenbaum (U.S. Geological Survey, Box
25046, M.S. 964, Denver, Colorado 80225)

Two voluminous ash-flow sheeta, the Tiva
Canyon and Topopah Spring Members of the Pafnt-
bursh Tuff, were erupted from the Claim Canyon
cauldron. Although lithologically similar, these
units differ greatly in thefr recording of the
ancient geomagnetic field. the reversely magnet-
ized Tiva Canyon Member yields remanent direct-
tions that are well grouped both within and
between-sites. The normally magnetized Topopah
Spring Hember, however, ylelds remanent direc-
tions that vary both laterally and vertically.,
Remanent directions from a 100-m~thick section of
nonwelded to partially welded Topopah Spring are
well grouped (prectsion parazeter, k>200) and
give a mean direction (D=293°, 1w69%) thatr is
probably a good approximation of the geomagnetic
field at the time of cooling. 1In three ~300 m
thick sections of more densely welded tuff,
inclinations from the upper parts of the Topopah
Spring are steep (~70°), but flattem with depth
to about 20°, and then steepen abruptly near the
base of the unft., In general, the directional
disperaion increases with the thickness of the
section (k~30 for sections that are about 300 m
thick). Much of the dfrectional variation in the
Topopah Spring can be attributed to an inclins-
tion error produced by sub-blocking temperature
Totation of the magnetic carriers during welding.
The possibility of sub-blocking temperature
deformation {n an ash-flow sheet is enhanced by
(1) high~blocking temperature spectra of the pri-
mary magnetic phases, (2) relatively low emplace—
ment temperatures, and (3) greatr stratigraphic
thicknéss. Thermal demagnetization results from
the Topopah Spring Member indicate that welding
may have continued to temperatures as low as
475°C 1n the basal vitrophyre. of the ash-flow
sheet., Remanent directions from the Tiva Canyon
Menmber were unaffected by the welding process,

b this unic significantly lower
blocking temperatures and does not attain the
8reat thicknesses of the Topopah Spring., (Paleo—
. magnetism, directional dispersion, ash-flow tuff,
weldt
J. Geop!

- Rea., B, Paper 686002

of investigating borehole and disc
permeaneters in unsaturated anisotropic
soils., (Unsaturated flow, anisotropy,
subirrigation, field permeancters.)

Water Resour. Res., Paper 6W4495

1872 Transport
STREAMLINE ROUTING THROUGH FRACTURE JUNCTIONS
Laurence C. Hull (Hydrology Unit, Idaho National
Engineering Laboratory, Idaho Falls, ID 83415)
Karen N. Koslow

A series of laboratory tests was conducted
to determine routing criteria for streamlines
through fracture junctions. These tests showed
that two criterfa are all that is necessary
to route streamlfnes through any two-dimensional
Junction under laminar flow conditions. These
criteria are 1.) that streamlines do not cross;
and 2.) that flow along adjacent streamlines
must be in the same direction. Using these
two criteria, a unique distribution of streamlines
can be determined for both continuous and dfscon-
tinuoas fracture junctions. (Transport, ground-
water.)
Water Resour. Res., Paper 6W4510

1830 Grouadwater
CHLORENE~36 DATING OF VERY OLD GROUND WATKER: |.
THE GREAT ARTESIAN BASIN, AUSTRALIA
Harold W. Bentley, (Department of Hydrology and
Water Resources, University of Arizona, Tucsoa,
Arizona 85721)
Fred M. Phillips, Stanley N. Davis, M. A.
Habermehl, Peter L. Alrey, Graeme E. Calf,
David Elmore, Harry E. Gove, and Thomas Torgersen
Chlorine-36 has many advantages as a dating tool
tor very old grouad water. These advantages
fnclude a suitable halt-life (301 x 107 years),
simple geocheaistry, conservative behavior in
ground water, and a general absence of subsurface
sources at levels comparable to the ataospheric
input. Recent advances ia tmde-—acceleratos mass
spectrometry have permitted the analysis of 36¢)
at the low abundance expgcted following residence
in the gubsurtace for 10 ygars or more. In order
%o test the suitability of 0CIL for dating very
old ground water, the Cl/CL ratios of 26
ground-vater samples from the Great Artesian Basin
of Australia have heen n?‘snred. Gromnd-wvater
ages calculated from the 0CI data compare
tavorably with ages computed independently from
hydrodynaaic simulatioas. (Growndwater, radio-
metric dating, tracers, chloriae-36.)

Water Resour. Res., Paper 6W4352
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THE INVERSE PROBLEM FOR CONFINED AQUIFER FLOW:
IDENTIFICATION AND ESTIMATION WITH EXTENSIONS
Hugo A. Loaicigs and Miguel A. Marifio (Dept. of
Land, Air and Water Resources, University of
California, Davis, California 95616).

The contributions of this work are twofold:
(1) A methodology for estimating the elements of
parameter matrices in the governing equation of
flow in a confined aquifer is developed. The
estimation techniques for the distributed-
. parameter inverse problem pertain to linear
- least-squares and generalized least-squares
methods. The 1linear relationship among the
known heads and unknown paraseters of the flow
equation provides the background for developing
criteria for determining the identifiability
status of unknown parameters. Under conditions
of exact- or over-identification it is possible
to develop statistically consistent parameter
estimators and their asymptotic distributions.
The estimation techniques, nampely, two-stage
least squares and three-stage least squares, are
applied to a specific groundwater inverse
problem, and compared among themselves and with
an ordinary least-squares estimator. The three-
stage estimator provides the closer approximation
to the actual parameter values, but it also
shows relatively large standard errors as com-
pared to the ordinary and two-stage estimators.
The estimation techniques provide the parameter
matrices required to simulate the unsteady
groundwater flov equation. (2) A oonlinear
maximum likelihood estimation approach to the
inverse problem is presented. The statistical
properties of maximum likelihood estimstors are
derived, and a procedure to construct confidence
intervals and do hypothesis testing is given.
The relative merits of the linear and maxiaum
likelihood estimators are analyzed. Other topics
relevant to the identification and estimation
methodologies, i.e., a continuous time solution
to the flow equation, coping with noise-corrupted
head measurements, and extension of the developed
theory to nonlinear cases are also discussed. A

Reviews of Geophysics

£os q S—e,lr) -.%

The Physics of the Antarctic Circumpolar Current (Paper 8R0315)

Volume 24 Number3 August1988

Worth D.Nowiin, Jr., and John M. Klinck

Nonlinear Interactions Among Internal Qravity Waves (Paper 6R01 m

The Geology of the Persian Guif-Gulf of Omnﬁ Reglon: A S

Composition of the Lunar Highland Grust Fiom Near-Intrared Spect

Strainmeters and Tiltmeters (Paper 6R0083)

roscopy (Paper 8R0243)

Peter Muller, Greg Molloway,Frank Henyey, and Nell Pomphrey
ynthesls (Paper 6R0118)

David A.Ross, Elazar Uchupi, and Robart 8, White
Carle M. Pieters
Duncan Carr Agnew

Calculating the Surtace Energy Balance for Lake and Reservoir Modeling: A Review (Peper 8RO2080) 8.HendersonSellers

Prediction of Geomagnstic Activity on Time Scales of One to Ten Years (Paper 6R0142)
Oust and Neutral Gas Madsling of the Inner Atmospheres of Comaets (Paper 8R0128) . R
AT ) T.I.Gomboal.A.F.Ntay.lndT.E.cruvm_

Joan Feynman and Xiao Yue Gu

s

T Sakimke (Pames s iy Yt WUNISL [UNCY 04 N HENOSphenS Y

Sakigake (Paper 6L6225) Takao Sai

Hydromagnetic Waves Near O* (Or H0") Ion Cyclotron F

to Comet H:u:! (Paper 6L.6226) 0 Y ;
{on Dynamics Distribution Around Comet Hn.lleyT S"uisa.k‘d' e
Activity of Comet Halley Observed in the Ultraviolet  (Paper &L6227]

E. 1

Detection of Cometary Pickup Ions Up to 107 Km From Comet
: T. Terazawa, T.,
Position and Structure of the Comet Halley Bow Shock: Vega-1 anda\:

. A, , B. E.

P. Oberz, A. P. Remizov, W, Riedl

N V. D. Shapiro, V. I. Shevchenko,
Critical Ionization Velocity Effects in the Inner Coma of Comet Halley
(Paper 6L6271) A. A. Galee
R. Z. Sagdeev, $. P. Savi
An Acceleration Mechanism for Cometary Plasma Taﬂs’ 6L620
Energetic lon Propertics Observed Near the Periphery of the Lo

Giacobini-Zinner (Paper 6L6146) .

T
Ice Plasma Wave Measurements in the fon Pick-Up Region of Cos:wt J

F.L.

In-Situ Observations of C Pick-Up lons 0.2 Xﬁ"{lf’m fre J'a%
i rvations of Come 3 ns »0.

Observations (Paper 66355, P 0% "R 2AY, Upsiream of

) R. J. Hynds, S. J, Bame,

Rapid Pickup of Cometary Ions Due to Strong Magnétic Turbulence a

Plasma Wave Turbulence in the Strong Couphxp‘ Region at Comet Giac:
A Coronll.t;: C.F. Ke

The Hydrogen Coma of Comet Halley Before Perihelion: i o
b (Paper 6L6129) J.m, L
Electron Emission by Gas and Dust Impacts During the Flybys of Com

Comet Giacobini-Zinner: Comparison of a Post-Encounter Image With I
Observations (Paper 6L6211) . .
Laboratory Formation of a Simulated Comet (Paper 6L6199) S, Mi

.

simulation study is used to evaluate the methods
developed in this study. (Groundwater flow, -
parameter identification, least-squares esti-

mation, maximum likelihood estimators.)

Water Resour. Res., Paper SW4320

1830 Growndwater ,
A THREB-DIMENSIONAL PINITE ELEMENT MODEL FOR
SIMULATING WATER: FLOW IN VARIABLY SATURATED

POROUS MEDIA
P.S. Huyakorn (GeoTrama, Inc., Herndom, VA 22070)
E.P. Springer,.V. G T.D. Wad th

’

A three-dimensional finite element model for
simulating water flow in variably saturated
porous medis is presented. The model formulation
is general and capable of accommodating complex
boundary -conditions associated with Seepage faces
and infiltration or evaporation on the soil
surface. Included in this formulation is an
improved Picard algorithm designed to cope with
severely nonlinear soil moisture relations. The
algorithm is foraulated for both rectangular and
triangular prism elements. The element matrices
are evaluated using an "influence coefficient™
te'chnique‘tlut avoids costly numerical inte-
gration. Spatial discretirzation of a three-
dimensional region is performed using a vertical
alicing approach designed to accommodate complex
geometry with irregular boundaries, layering,
and/or lateral discontinuities. Matrix solution
is achieved uaing a slice successive over-relaxa-
tion (SSOR) scheme that permits a fairly large
number of nodal unknowns (on the order of several
thousand) to be handled afficlently on small
ninicomputers.  Six examples are presented to
verify and demonstrate the utility of the pro-
posed finite eleémént model. The first four
exsaples concern one- and two-dimensional flow
problems used as sample problems to benchmark the
code. The, ldg & 1 three~ .
dimensional probless. These problems are used to
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¥ faces and anisotropic soil
tex, soil, infiltration, finite
element modeling.):

Water Resour. Res., Paper 6W4622 -
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