N

al we

Distribution:

= - WM sf

o H
r
acT 8 1 15 T RBrowning

3013.1/RL/84/10/30 | . - MBell

MEMORANDUM FOR: Philip S. Justus, Section Leader
, Geology/Geophysfics Section
Geotechnical Branch
Division of Waste Management

FROM: Richard R. Lee
Geology/Geophysics Section
Geotechnical Branch
Division of Waste Management

SUBJECT: . TRIP REPORT - AMERICAN GEOPHYSICAL UNION CHAPMAN
ggN;gRE¥ggi HARPERS FERRY, WEST VIRGINIA, OCTOBER
-26, .

On October 24-26 I attended the American Geophysical Union Chapman Conference
entitled Vertical Crustal Motion: Measurement and Modeling. The four {-day
sessfons I attended consisted of presentations on analyses of vertical crustal
motion and new technologies for measuring that motion. Wednesday's
presentations were devoted to anaylses of geodetic leveling and gravimetric
surveys with emphasfs on the modeling potential of the results. Thursday,
Satellite Laser Ranging (SLR), Very-Long-Baseline Interferometry (VLBI), and
the overall Global Positioning System (GPS) were the topics of presentations.

The major conclusion reached by the conferees was that although very precise
measurements of vertical crustal motion are obtainable from laser technology
and our emphasis is to improve that precision, we must not abandon the

traditional techniques by which all of the historical data has been obtained.

Enclosed is a portion of the meeting abstracts which are considered most
relevent to waste management. :

Richard R. Lee

Geology/Geophysics Section

Geotechnical Branch

Division of Waste Management
<
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" pethaps the best studied case.

uépnlatlon and decoy of vertical deformation vaves

R.J. MELOSK (Lunar and Planetary Lladoratory &nd
Departaent of Crnsclences, Untversity of Artzona,
Tueson, AZ 85721)

At first, the earth responde to & suddeniy tzposed
vertical load, such a8 might be produced by sn earth-
quake or s rapidly ftlled reservoir, 2s s thick,
elascic shell. Deviatoric stresses genersted by the
load then relax in the asthenosphers. long sfter the
load was applied, the surface deformstion is gtven by
thin-plate theory. During interzsediste tines, hov~
ever, asthenosphere material soves horSzontally and
vertically froz bdeneach the 1oad, producing time~
dependent varping of the surface. Such varping ex~
pends the area of fnitial surface deflection and may
8llow earthquakes to excite the Chandler wobble 1f 1t
prupagetes fast enough.

Finite-elesent modeling has exhibited this behavior
in a nucber of conplex models. The vork presented
here describes an analytic wodel siztler in concept to
Clsssser’s stress propagation sodel, but dealing in-
stead vith the verticsl deformation of & thin, elastic
plate over & (not necesserfly thin) ssthenosphere.” 4
Kevtonian version of the model tcd!fcs to the a1ffy~
ston equation with diffusivity 0gh°/12n in the thin~
asthenosphere limit. Both gravity and flexurzl modes
of propajstion can occur, slthough gravity usually
dorinstes. Kon-newtooisn extensions for s thin as-
thenosphere indicate that the vertfical wvarping propa=-
gates rapidly svay frog its source vhen sean devig~-
toric stresss are high, but slovly vhen they are lov,

This method of snalysis, although approxizste, gives
fnsight inote the oature and couses of time-dependent
vertical sotfons folloving sudden loading eventg. It
1¢ aleo applicadble to the analysis of tactonic defore~
ation in the presence of & lover crustsl ssthenos~
phere. Preliminary cosputstions suggest thst pleus~
1ble non-Nevtonian constitutive relstions can persit
large exrthquakes to excite the Chandler sobdle.

odeling Stress and Vertical Motion from Horlzontal
Density Variations {n the Lithosphere

AANDALL K, RICHARDSON (Dept. of Geosciences,
Tniversity of Arizona, AZ 85721) .

Horlzontal density variastions vwithin the litho-
sphere =ay play a dominant role in driving and
deforning the lithosphere. The evolution ef oceanmic
lithosphere, giviog rise to & ridge push force, 1is
A horizontal forvce,
proportional te the density wosment, arises because
the density variatioe occurs on & horizentsl
wavelength that 1s long coapsred to plate thickness.

Nev elastic aod viscous 2-¢ finite element models
test the toles of rleology end horlzontal wavelength
on horizental forces and vertical uplift. Kodeled
waveleagths cover the range from relatively local
phenecens svch as the Basia and Range/Colorade
Platesu transition through festutes such as cootineme
tal shelves wp to the aild ocean vidges. A grié with
240 elements 1a twelve coluans extends to s depth of
100 ku. GUach coluen has the same total weight, dut
the density distridution, and hence the density mo-
sent, Eay vary betvees coluccs. Is most elantic
models, the losd associated with density varistions
{s supported by shear vithia the columns of anomalous
¢ensity. Ooly sicismal horizontal stresses exist in
sdjscent celumms. For most viscows models, however,
substantial horizontal stresses exist fn sdfecent
columns, spprosching the expected velationship be-
teeen density mocent and stress for long wavelemgths,

The predicted vertical wplift czates are linsear {e
the sssveed viscoality of 10°°2) Pz s for the plate,
asd are strongly dependent ot the horiszental
vavelength of the prodlem. Preliminsry results indi-
cate that vplift rates due to horitontal density
variations within the North American plate are on the
order of 1 su/yr.

Tinite  glement
Centrrcntal Collisions

$.C._CUHIN (Leudynsaics Branch, Gudderd Space Flight

Cetter, Grecnbelt, 1D 2070)

R.C. »295M0 {Cusinass and Technclcgical Systems, lnc.,

Seadrodk, M 21706)

¥adels of Crustal Thichening bue to

‘ of crustal and upper n2atle rock.

A finite element implementation of the thin viscous
sheet mode) of England and Mckenzie has been used to
fnvestigate crustal thickening due 1o continents)
collisions. The major paremeters affecting the tempo-
ra) and spatfal pattern of thickening and ceformation

-~ of the cryst are the geometry and velocity of the

colliding plates, the stress and velocity constraints
st varfous boundaries, and the rheology ané densities
In the present
analysis we use 2 linear viscous rheology to model the
Jithosphere but vary such paremeters as viscosity,
|:msn§0 and mantle densitfes, inftial crustal thick-
ness, sheet dimengions, collision zone length, and
toundary conditions tc cetermine the sensitivity of
the crustal thickening to these parsmeters, We find,
for exacple, that boundary conditfons which allow
for lateral extrusfon of crustal material out the
sides of the sheet produce significantly different
thickening patterns than those which suppress extry-
sfon. The degree to which the models differ cepends
on the lergth of the collisfon 20ne and the size of
the sheet, Our analysis confirms previous findings
that viscosity plays only a secondary role {in deter-
mining the inirasheet velocities and crusta) thicken-
{ng in & laterally homogeneous Vayer. Horizontal rotion
{s unaffected by the time since fnitial plate contact
but crustal thickness depends strongly on the history
of the plate movenent, - -

Modeling the Lithospheric Stresses and the Vertieal
Crustal Movements in the Southeastern U.S.

JEAN~CLAUDE MARESCHAL (School of Ceophysical Sciences,
Georgis Institute of Technology, Atlants, CA 30332)

Analyticsl snd numericel methods have been used to
predict the pattern of stress and crusts] wovesents
csused by the topography and by density heterogeneitfes
tn the lithosphere.

The stresses are deternined by analytics) methods for
& twvo~disensional] model ef the lithosphere consisting
of & horizontally layered elastic slab overlying an
inviscid fluid. The topography and the varfations in
crustal thickress are introduced as boundary condi-
tions. The czagnitude and the pattern of strese con~-
puted for a Jithospheric model of the Appalachians are
coepatible vith the ohserved selssfeity. The verticsl
crustal movements vere detersined for a model im which
the lover part of the lithosphere is vise,slantie- For
effective viscosity of the order of 10 Pa.s, the
predicted wovesents are too slov to sccount for ohser-
vations which are probably affected by effects on &
shorter timwe scale (e.g., post glacial rebound).

A finite element wodel has also deen fnvestigated to
deterzine the rate of deforzation for models of the
lithosphers with more complex rheologies or geometries.
The observed strain patterns are not resdily sccounted
for by the present topography and lithospheric density
heterogeneities, vhen the theological parsmeters are
kept within the sccepted range. A resolution of this
confliet without introducing plate strerses is deing
attespted by {introducing the history of eroston and
seéiment deposition into the nodels and by cosparing
the predictions with long-terz trends of vertical
deforeation.

Wednesday AM
Session V
Analysis of Vénical Motions

Contezzorary Vertical Motions of Plate Interiors

larry D. 3Brows -(nepcrt=ctt of Seslogical Sziences,
Cornell Uziversity, Ithaca, X.¥. 14853)

Intraplate tectonice include sone of geology's lesst
understocd phesozens, and contezporary vertical
sotions sre & case ip point. Observed by s variety of
seens, vwith geodetic levelizg the =08t coc=ealy used,
aotions within plate icteriors have boen ascrided to o
veriety of processes, {ncluding seis=ogenic atirsis
sccu=ulation, =afzs inflation, ead refisiridution eof
fee, waler and sedizent Joads, 3ot to =eatios



systeaatic ssasuremsst error. Iz tectocically "active
istraplate areas suck ss the intermontase western U.S.,
observed vertical motions are often credibly ascrided
to the Qistriduted effects (e.g. fault slip i central
Xevade) of the pot-so-distsnt plste doundary, er to
incipieat plate bousdery forzation (e.g. magss uplift
iz the Rio Crazle rift). The brosd, subtle ups aznd
doves of the soazinally “etadle” cratonic intericr are
sore prodlezatic. The prozipest exceptios te sabiguity
is vertical motior in &reas auch ss Fennoscandis whick

are redoundisg folloving the (geclogicelly recent

rezoval of fce- losds. Yet, geodetic odservatioczs
outeide recently de-glacisted regions, if tsken st face
value, suggest sizilar rates of verticsl sotioz {(up ¢o
ess/year). Thess rates contrast with much lower sverage
values 4tferred {froz the geologic record. That 2the
geodetic weasuresects are sonetises inconsistent Ddotd
internslly and vith respect to independent estizstes
(e.g. sea level monitoring) has greatly underzined the
eredidility of such soticss in the past. Kovever, new
correctiors, corputerized dstebases, and nevw techniques
such 83 GCPS prozise more effective aeans of &iscerning
sotion froz systezstic error. Although nev geoletic
techniques 1ike CPS are s sajor ieap Jovard, it is

zTporias the Sreplasesable yeraiective
“Fepresecied Dy Hhistorical Jeveling be

ol ted.,
ure, crosisl sotion sonitoring detworks will by
necesaity be 2 hydrid of nev snd 0ld.

Vertical Tectonics in the Charleston, S.C. Area

PRADEEP TALWAN
C.M. POLEY (both at Ceology Dept., Univ. of South
Carolina, Coluxbia, $.C. 29208)

In search for & structural cause of the Charlesten
earthquake, the shallow 47 ks deep, N trending,
Ashley River fault (ARF) vas defined by hypocentral
locations of recent seiszmicity. 1Its location is alse
indicated on availadle potential field, geonorphic,and
stratigraphic data. There is disagreement in the fn-
ferred sense of movenent on thig festure, The fault
plane solutions and geomorphic data suggest that the
SW side of ARF has been undergoing uplift vhereas
stratigraphic dats suggest that the SV side vas down~
thrown in the Tertisry period.

We exacined unadjusted first order releveling dats
for evidence ©of vertical movement in the Charlesten
ares. The data vere exanioed for systematic errors
and for the effects of vater withdraval., The result-
ing anomalies appesr to be tectonic in origin. Oz
doth the KS line between Lane snd Charleston (surveyed
in 1961 and 1974) and the EW line betveen Yenassee and
Charleston (1960 and 1979) there is evidence of sud-
sidence, vhich {ncreases to adout $ mx/yr tovards the
coast. Due to szall copographic relief (25 m) mo
systenatic corrections vere applied. In & Block
lying betveen Ashley and Ediste rivers there is a
relative uplift of sbout 2-3 mx/yr. This sense of
sotion, uplift in & block to the SW ef ARFP {s consis-
tent vith that Snferred frov selsmicity, But opposite
to that indicated by Tertiary stratigraphy. Dislocs~-
tion modeling of the cbserved elevation changes also
supports reverse fauvlting on the ARF.

Modern Uparching of the Gulf Ccasta) Plafn

=i

L ¥l (New Maxico State Unfversity)

G. Jurxowskl { Kis wolr)

L. BRN (Both &t Department of Geological Sclences,
Cornell University, lthacs, NY 14253)

A broad doming of the Gulf Coastal Flaim Detveen
Jackson, Kississippl, ané Nee Orleans, Loutsiana, is
1neicated by leveling surveys carriscd cut in 1884, 1964,

ang 1969, The progressive arching over & ¢istance of
3.4 ¢ .5 em/yr relative to Jackson, Aocitional Teveling

of sovesent could be slongate, sith 1t major axis
paraile) o the coest. The otserved uplift is consistent,
a1 Jesst In sign, with longer term trends Indicated by
ceformed terraces tn Kississippt anc Lovisfana., Ofl,
Gass anC e sier sithdrasal mehanisms a3 vell as systeratic
T e)ing arrors sppar (radaquite 10 &1ain the vavelwngth
ané magnitude of the obscrved elevation changes, The
paztern of uplift resembles that which xight be iwcmd
from flesurs Cue to sellaentary losding at The masth of

the Hisstasippt delta. Simple codels of Nexure of &
thin elastic plate overlying ¢ viscous helf=space dus
to sediment Teading during the Holocens €C predict rates
statlar to those evidenced by leveling, 1f relatively
Jov mantle viscostitfes (3. x 10" pofsed are esed,
These observations may represent the fipst dn afty

- ssasursments of ongoing Synemic flexure at a pastive
continsntal sargia, ’

@nluoﬂ:ﬂ Faviting In the Houston, Texas, Ares

T. L. HOLZER (USCS, Menlo Park, CA 95025)

More than BE faults with an aggregate scarp
length of 243 km have offset the Tand surface in the
Houston, Texss, metropolitan ares since the 1520's.
The affected region, part of the Texas: Culf Coast,
-Is underlain by & complexly faulted, thick segquence
ef late Kescrele and CLenorelc miogeesynclinal
sediments, Historical offset, which Is aseismic,
appears to be on preexisting normal faults, many of
which hsve been documented to hsve long geologic
histories of prior offset. The aversge annval
historical rate of vertical offset is adout 38
m/ye. Fault activity temporally and areslly
colncides with land subsidence principalily caused by
ground-water withdrawal, Subsldence affects an ares
grester than 12,200 lmi and locally exceeds 2.7 =,
Cround-water withdrawasl, petrolevm withdrawal from
more than 100 oll and gas fields, and geologlc
processes have all been considered as potentlsl
causes of the historica) offset.

_ Comparison ef repested geodetic messurements of
fault of fset with fluctustions of the potentliometrlc
surface in the wunderlying aquifer system suggests
that the principal cause of historical faulr offse
is gfounc-water withdrawsl. Toult @isplacements
correlated closely with wan-induced fluctustions of
the potentlometric surface; faviting ceased or
slowed during periods of partial water-level
recovery. In sdditlon, wvertical deformation flelds
near faults were sinilar to that predicted by
elastic dislocation wodels. for normal faulting
within the squifer system. The land surface tilted
asbove both the footwall and hanging wall blocks
during faulting to distances as far a3 -S500 m from
the scarp. Special sleeved, class A sarks were
required for the investigastion to avolé shrink-swell
sffects of expansive solls that have caused benche
wark Instadbility in parts of the Texzs Guif Ccast.

Yertical ground novement associated with volcanism fn
Hewady

JOHK J. DVORAK and ARNOLD T. OKAMURA (U.S. Geological
urvey, Hewaifan Yolcano Observatory, Hawmait
Volcances National Park, Mawsit $6718)

Repeated Yevel surveys in Hawail are used to monftor
ground movenent associated with active volcanism, In
the summit regions 0f the two most active Hawaifan
volcanoes, Kilavea and Mauna Loz, vertical changes of

.. 0.5 m are recorded cver periods of several years,
These changes are related to temporary magma storage
in reservoirs 2 to £ km beneath the surface, Some
surmit Stored magma migrates horizontally into radial
rift zones. Level surveys slong the rift zones .
fndicate that magma, emplaced 3s vertical dikes, may -
reach within S00 m of the surface without erupting.

The sccumulation of magmna in the summit region and
rift zones buidds up compressive strain aleng the
flanks of the vclcano. The compressive strain §s
partially released by strike-slip earthquikes that

, . occur between Kilauea and Mauna toa (e.g., 6.6 N,

16 Kov 1983) and by horizontal, seaward faulting
2long the coast (e.g.. 7.2 M, 29 Nov 1§75}, tevel
surveys conducted along the flanks of the volcanc are
used to estimate the extent of subsurface rupture
related to these earthquakes,

Sefsric Travel-time Changes without Vetica)l Movement:
an_Indicetion of Aljsned Cracks in the Earth's Crust?

R. Eirsch, A. Lanbert, €. Buchbindet (Earih Physics
Branch, Department of Energy, Mines and Resources,
Ottewa, Ont. K14 0X3)




I

~ Since 1974 selsslic trovel-times and crustal uplift

bave besn weasured in the tectonicelly active )
Charlevoiz reglon of Quedbec, Caneda. A nignificast
drop in salsmic Lravel-times was recorded between 1818
and 1980, probadly releted to an ¥ e 5.0 earthguske in
the viciajty., Repeated geodetic levelling and gravity
surveys restrict vertlcal moveveat to less thes 2 ca
ducing this perlod. 7The travel-tise drop car ba
ozplained by the trensition from an {sotropic to an
anisotropic distribution of cracks In crustal rock
under the iafluence of tectonic stress. MHowever, to
Bodel the observed travel-time changes & crack-density
of .03 for the isotropic and of .06 for the
anlsotroplec state is required. For an sssuced cesck
aspect-ratio of 10-? Lhe calculated fncresse in

crack volune leads to an uplift of about 30ca for &
sphecically shaped dilatant zone. An atteapt is made
to explals tbe discrepancy between the calculated
rvesults snd the observations by a special uplift
pettern due 10 the opening of aligned cracks. A moded
sizulating tbe epening of cracks by muclel of straia
and calculsting the uplift by weans of the ’
corresponding Calerkin-vectors lesds, for the case of
vertical crecks, to nodsl polnts of uplift near the
adge of the dilatant zone.

Vertical Uplift, Mantle Convection, snd amic Iso-

static Lquilibrium: the Lase of fennoscandia

A.J. ENDERSON {Inst. of Geophysfcs, University of
Uppsala, HEVlby, S-75590 Uppsala, Sweden)

Dyramical isostatic equilibrium (DIE) of the earth's
crust implies the occurrence of large scale uplift and
subsidence driven by time dependent horfzontal tempers-
ture gridients in the upper mantle which are caused by
changing pattermns in convection.

A DIE eodel §s constructed showing that the present
negative topographic height anomaly of the thick Fenno-
scandian crust §s largely 8 consequence of down-warping
isotherms beneath the lithosphere. Vertically-stratified
{sotterm models, for example, require that the near 60
km thick crust would have to rise on the order of 1 ka
in order to retain isostatic equilitrium with the sur-
rounding oceanic crust. This {s an order of magnitude
larger than the estirated remaining glacfal rebound for
Fennoscandia.

In earlier studies models relating crustal structure
to the geoid in Fennoscandia have been produced. These
rodels, which are based upon physically reasonable
density variations for the Jower lithosphere, imply a

"depth of compensation for the Fennoscandian crust of

between 200-600 km. They imply the existence of hori-
2ontally stratified thermal gradients in the mantle
down warping between subocesnic and subshield arees
with larger gradients forming beneath the shield area.
This implies a colder, denser materfal in the upper
rantle beneath the Fennoscandfan shield,

Our results are in agreement with numerical models
of mantle convection and indicate that the present
negative topographic height snomaly for the shield
region is evidence of downgoing convective material
in the upper mantle. .

Uplifd und Glucivl Jsoatesy in AV Luaope

Kele-Aced AGRKER (Geol. Inasl., Stockholm Univ.
$-10691 Stockholm, Sweden)
(Spensca: .. Staonge)

Fenncacandiac ie tAe classical aaca for gla-
cial <s0slasy. New dule Aaue shown LAal LAe
rrocess of uplifl ie much moase complicalad
fhan © eimple exponentiol acloxalion paocess
(GeoJournal 3:287-318, 1929; Laath Rheolegy,
Jesostusy and Cuitaay, Viley 1980, 7Teclonc-
rhysica 11:241.257, 1987)

An uplift has bcen going on Loa the Lasel
11,000 yeura, The geomelny of Lhe uplift is ean
ellipldic cone asutrcunded Ly e sulsidence
Lrough. The morimum uplift umounis 850 m and
tAe maxizum sublsidence 170 m. The mass in LAe
uplifl conc and in tAe sulsidence Laough is as
1:1 indicaling Acrizonlal sufcrustal molions
én a Lew-viscosdily “channel”®, L.&. the cstheno-
arheae. This Lorizentlal Lzunsfen of rase Lagan
13,000 8P and cnden in mid-Keloccae Lime.

7he acde and ccle of urlifl are clearly divi-
ded into Luwo zzxla; tne gzponentially docoyding

uplifl ldying oul with Lime ond dislance faom
Lhe peadipheay) and one Linear uplifl thel hae
aemained ccnsflend, ol Lecal, foa Lhe Laesd 8000
years end which is acsponaille fLoa tAe present
uplift. The exponential uplifl focloa de of &

“typical glacial isosfetic onigin. The conae-

sponding 43 crustal viscosily is calculoted ol
1.5-7 2 10 Poise. The lincar uplifl faclox
Aas an unceslain oxripin. The cocacossndiu:
viscosily de coleculated el 2-5 = 10¢ Podisc.
7Aeae 4cems Lo Le e close relalion Lelucan
Lhe cavelal Lhickness and geoid heighls over
the Noath Allantlic and Tennoscondia. Thie con-
curs with the idea of 2ilile or no "acmadining
uplift® faom Lhe glocial isoslalic process.
The peadiod of mosl inlensive glociol Jevelea-
tic uplift has Leen fLound olso Lo e chorae-
lerized by inlensive seismic and neoleclondic
aclivilice (Geology 62 61-45, 1978). :

Venlicol Cruslol Rovenentes: NAuliinle Drigin

Nila-Axel SUANER (Geol. Inat., Slockhola Uniy.,
. S<10691 Steckholm, Sweden)
{Sponsoa: W.E. Staange)

Vertical Caustal Aotions can only Le meceuared
with respect €0 e dalum Level ox2 ¢ aeference
Leveld, The more we feaan afoul causlal aove-
menls and see Level changes, LAe more olrious
4l Lecomes thal oua aeference Levels cre clao
undergoing defoamalions with Lime., ThAis is Laue
nol only foa the sce Level zero-poinie cnd tAe
Levelling zexo-points, Rul also for Lhe gravi-
Lalioncl zerc level. 7The defermalion of Lhe
oceandie feea) Lcvel and Lthe caustal Level die
conirolled Ly severcl different varialles:

7ectono Luslaasy

glacjcf fuafccy itl

ecdida velasy evel

Dyncaic Sec Sualoce] E:;::::i
- . hanges

7eclonica s

leoslasy LAND in Level

Geodid Deformalion Level

Compacldion

The novel facler {4 Lhal the geoid Zevel ({LAe
oceandic as well ca the conlinentcl) scems Lo
undeago “conslcenl® and ®rapid® changes. This ia
primanily indicaled Ry paleo-sea-fevel date,
Lul also Ly inslaumentol records. “Rapid® geoid
defoamalions with Lime are consifent with ¢
*Aigh-dynamic® LaatA.

Refenences: (1) J. Geol, Bé:123-151, 19262 (2)
*Larth Rheolegy, Tscslasy and Eusloesy®, Viley
19807 (3) *Rega-Geomoaphology®, p. 73-%1, Ox-
foad Univ. Pacas 1981 (4) Litoralia 121, 1984,
(5) “Climatic Changes on a Yeanly Lo Aillcnnial
Basie®s p. €¢83-507, Reidel 19843 (6) Torine
Geophys, Res., in paress, Reidel 1984; (7) Bull.
INOUR Neoleclonics Comn, v. 1.7, 1978-1984¢.

Wednesday PM
Session VI
Gravity Determinations of Vertical Motions

DETERMINATION OF VERTICAL CRUSTAL MOTION FROM REPEATED
GRAVITY MIASURDXENTS

R.C. Jachens (U.8. Ceological Survey, menlc Park, CA
94025) N

Repested precision gravity surveys are used both
to measure wvertical crustsl sotion snd to stuly the
subsurface Sensity changes associated with it.
Temporal gravity and elewvation changes typically asre
related by & factor of =2 to =JaCal/ce; the precise
vslue depends on the physical mechaniss causing the
vertical sotion, Kottt texporal gravity surveys are

- conducted wvith sgring-susjension electronic-readcut

gravizeters vhich seaswre relative gravity. between
netverk ststions, OUndefined nonlinearities 4n




L sad

graviseter calibhration anid short-tern instrusental
€rift are ssjor sources of error in Tvelatiwe graviey
seasuresents. Errors fres nonlinear cslibration
functiona cah be reduced by detailed Jadorstory and
field tests but protably are present at such fine scale
that & cosplete Cslibration deterwination is
lepracticsl, Exrore from érift generslly are sinisized
by mcasurerent procedures vhich include olhaerwtions
around closed circuits, redundant observations,
frequent tase-station recccupatione, and the use of
sultiple graviseters. Surveye esploying well
calidbrated Snstrunents and following the grocelures
nentjoned above ¢an yield gravity &ifferences with
wicertainties ©f roughly $ «Cal {(one stanlard errer)
for petworks with dimensions of & fev hunired ka, and
ssaller uncertainties for smaller networks., Tesporal
gravity variations caused by sovesents of mass in the
oceans, stxosphere, and underground aguifers complicste
interpretations of gravity changes in terss of wertical
crustal motion. Mwverse effects of seall grevity
cranges from ocesnic and atrospheric sovrces can be
winizized by the types of proceduses used to treat
instrasental drift, But gravity changes resulting from
ground water varistions can gesch 100 4Cal or sore and
present seriocs probleas n the interpretation of
terporal gravity 4ata in sose areas.

Verticol Cructal Motion ot the Plate Boundory of the
Americon ond the Euresion lTectonic Plotes
E. RANNGIESER (Niedersdchsisches Ministerjum des Innern,
Lavesollee 6, D-I0DO Hennover 1)
*%., TORGE (lnstitut fur Erdmessung, Universitét Monnover
Nienburger Str. &, D-3000 Honnover 1)

The mid-Atlontic plote boundory of the Americon ond the
Evrcsion tectonic plotes in Icelond is expressed by the
neovolconic zone, In North-lcelend this 20ne hes 6 aidth
of 50 to 80 tm. Geotectonicoctivt ies of the neovokonic
.zone ofe restricted to a few fissure sworms of seversl
kilometars width; one of them is the Kroflc « sworm,
which is octive since 1975, The current period of octi-
vity forms o rifting episode within the kinemotic pree
cesses ot o constructive plote boundory.Mecsurement
types to be considered in this poper determinig vertcel

crustol motion ot the plote boundary since 1965 ore cone

ventiono) leveling ond grovity. The geodetic controlled
testfield consistsof the moin profile (length150 km,

165 stotions) determining the regloncl effect to the re-

cent rifting episcde ordof 7 local profiles within the

Krofle fissure sworm {lenghs betwsen 3 ond 30 km, 67 sto-

tions cltegether). From the comporison of the repitition

sufveys we conclude thot

{1) o grovity increcse south of the centrel volceno
occurred before the beginning of the ¢Fing episocds,
possibly ¢ precurser of the loter ectivity;

(2) on extended region (70 km) is offected by vplift ond

correloted grevity decrecse during the rifting pro-

cess;
{3) the oreos south ond north of the ectivity center in
the central volcono show @ systemotic trend chorac-

terized by uplift ond grovity decreose ot the flanks

of the fissure sworm ond subsidence ond grovity in-
creose in & norrow centrel port.

For geophysical model cclculotions of the subsurfoce
moss shifts, continous spoce-time models of height ond
grovity voriotions hove been developed, vsing lecst-
scucres collocotion techniques.

19841983 Verticsl Distortion of the long Vallev/Mono
Craters Region as Deduced by Graviey )

J. K. Whitcoob (ISTAC, Inc., 464 K. Altadens Dr.,
Pasadens, Cs. 91107)

J. K. Rundle (Sandia Katfonal Ladoratories, Albuquer~
que, New Mexico 8718%)

A netvork of &0 precise gravity scations has been
established in the lLong Valley/Muno Craters volcanic
region of California. Ve have zade eight occupations
of subsets of these stations starting in July 1982,
Here ve report July 1984-July 1983 gravity differences
of the entire netvork. Significant gravity decreases
down to =38 zicrcgals are cbserved centered on the
resurgent doze area of Long Valley calders. This
tegicon of gravity decrease extends nortlvest and in-
cluZes the Invo dczes lineaticn vhere the gravity de-
crease i3 sozcvhat less. Groundwater change can be
elizinated ac & cauvre Of the gravity decrsase decause

the key stations have been previously tested for of-
fects of changing ground water table. Test resuits
ghov insigniffcant of no groundwster effect. Ko other
signiffcant systecatic changes are seen in the metvork
notably te the north fn the Mono Craters tegion whete
July 1983-July 1982 changes were seen. The gravity
decrease is interpreted as an uplift of at lesst 10 en
resulting from expansion of the deep magzma chaaber of
Rundle snd Whitcocd under the central pert of the leng
VYalley tesurgent dome. An uplift of st least ? en &8
inferred for the Inyc domes arss. The timing of the
uplift can be inferred from stations on the margin of
the uplift, SHER and USFSM, which vere occupied in
Kovezber 1983 and Februsry 1984. Although the sxsll
changes at these stations preclude our attaching &
high degree of confidence to timing evidence, ve in-
terpret the dats to indicste continuous uwplift Juring
the July 1933 to July 1984 year with more uplife in
the carlier July 1983 to February 1934 perfod.

Intercozparison of ?crt[ggl__!ov-uong snd _Gravity
gg-n;g lonu]g!ng from the Filline of the LsCrande 2
!ogcgvo}:, Quebee

4. LAMBERT, J.0. LIARD (Esrth Physics Branch,

Departeent of ECnergy, Nines snd Resoucces,
Ottews, Ontaric K1A OY3)

A. KAINVILLE (Ceodetic Survey of CAuldn. Ottews,
Onterlo K1R OES)

Levelling ané precise gravity observatlions were
xads along & $0 ka profile before and after the
£1111sg ef the LaCrands 2 ressrvoic n 1979,
Raslstive vertical sovezents of & cm sad ralative
chasges In gravity of 26 microgalds (200 an/sl)
were observed along the profile. The observed
ctanges éc nrot agres with theoretical results feor
losding of & layered elastic earth, IYsotrepice,
porous, elastic models wilh reasonsdle Rydraulic
properties also censot erplals the observetions. 1In
s effort to account for tLhe discrepancles tie
scesracies and the error sources 1a the levelllag
asd gravity dats were (investigeted., Cocrectlces’
were made to the Jevellisg dsts for refraction
srrors, tod cslibrations, magaetle - effects ead
deflection of the wverticsl By the water =mass.
Altbough the corrections for systematic errors were
sigsificant, the discrepancy wlth reasonable
isotropic aodels remeing. The corzected
obsecvations shov subsidence benesth ths reservolr
thangleg to wplift beyond a few kilometers from the
edge of the reserveir. The gravity date reguire &
movexert of =mast $a & direction evey from the -
resarveir. Models involving the expansion of cracks
wnder incressed pore pressure are belng lmvestigsted.

Tecpora) Varfations §n the Cravitarional Field of the
Missiusxippi Exbavment

€. PATRICR ERVIX (Department of Ceology, Northern’
111inois University, DeKalb, Illinois 6011S5)

MENG HUA VEI (Institute of Ceology, State Seismolo-
giza) Burean)

L.D. MCGINNIS (Dapartment of Geology. Louisiana State
Unjversity)

A netvork of gravity tase stations {n the Missis-
sippi Exbayment vas repestedly occupied, beginning fn
Novenber, 1375, although the majority of the occu~
pations were betveen September, 1576, snd Septemder,
1978. Varistions in the gravitational difference be-
tueen most p3irs of statfons had & standard deviation
ef 15 microgals and may be attriduted to random ervor.
Howvever, the gravitationsl difference detween three’
station pairs exhibited a tezporal change of approxi-
mately 45 microgals between the July anéd November,
1977, surveys, vhile the éifference betveen three
other pairs changed by smaller and less sta-
tistically significant amcunts.  In addition, there
is & ctange in trend st sbout this time for two other
statfon pairs for which significant, lov-order
curvilinear regressions vere found to fit the observed
varistirns., Neither observed changes {n ground vater
slevaticn nor regional tectonic activity, as indiceted
by sefsaicity, can explain the observed varistions.
The most arrtable source is 8 localized change $n
elcvation caused by the surface lcading associated




Observation of Cravity Changes sfier Earthquakes st . ,
The Gevsers

J. M. GOODKIND (Dept. of Physics, UCSD, Lz Jolla, CA
92093 .

During April and Mzy of 1984 s swarm of earthquakes
occurred st The Geysers geothermal field. Their epi-
centers were concentrated elong & line running to the
northwest of the site of our gravimeter st distances
between about 3 and 7 km. There were six events of
zagnitude greater than 2, and each produced s gravity
‘change greater than 1 ygal. The two largest gravity
sevents resulted from the largest event and the third
largest, but closest event, respectively. In both of
these cases gravity decreased by 3 ugels within 12
hours after the earthquake, snd 4 ygals within 3 days.
It recovered to its original value within about 18
days. Smaller events took place on & shorter time
scale, and large events during the recovery from the
two largest ones mentioned produced gravity changes
of st most 1 ugsl.

Possible models for this behavior, including
vertica) motfon, will be discussed. 1In addition,
data will be presented from earlier measurements with
two gravineters separated by 7 km. These dats show
that tides and local barometric pressure effects are
the same within about 0.3 ugzl st these distances.
The potentisl for the use of such differential gravity
peasurenents to determine Jocal vertical crustal motion
will be discussed.

Absolute Meespresept of the Esrth’s Crevity

Zupbezrse IGPP A-025, Scripps Institstios, Usiver-
sity of Califeraia, Ls Jolls, CA 92093)

The Jast decade bas seoxn sadstastial izprovemeats la
osr abllity to make abdselste gravity wmsasarements.
Several tracspartsble {sstrments with sccuracies of
order 100 sms © (10 ygal), sorzespondisg to a deigdt
seasitivity of = 3 eu, Lave been fepleyed st & smusber
of sites iz North Anerica and Ewrope, All of thess
fustzwnents exploy laser iszterfercmeters to dotermine
the sccelerstions of freely-falling amasses whick bave
bees Ssolated from forces other thaz gravity., A wide
zaage of botk random and systematic offects of Instra-
mentsl asd geopbysical origiz have been studied, At
varions times, certais slites Bave bees occupled by more
thaz oas izstrusent. Oftes, their. zessits sgres, but
iz meay csses they 4o sot. Techuiques used iz these
iastrunents will be descridel, sowrces of error ia tie
messurements vill be outlfzsd, and absolsts gravity
date obtained over the last tez years will be revieved,

Absolute Cravity: A Reconnaissance Tool for Studyimg
Verticsl Crustsl Motion

T. M. NIZBAUER (JILA, University of Colorado and
Kational luzuu of Standards, Boulder, CO 80309)

J. K. HOSKINS  (JILA, University of Colorado and
Nstional Buresu of Standards, Boulder, CO 80309)

J. J. GSCHWIND (Geodetic Survey Squsdron, Defense
Yapping Agency)

J. €. FALLER™ (JILA, University of Colorado and
Sationsl Bureau of Standards, Boulder, €O 80309)

Ve sre presently constructing six sbsolute gravi-
seters. The design of these instrucents is dased on &
prototype vhich was previously developed at JILA,
These {nstruments use the method of free fsll snd

. consist of basfecally four parts: & drag free dropping

chaaber, & long period fsolstion device, & stabilized
laser~interferoneter and the sssociated ticing elec~
tronies. The size (4=éx3,3 feet wvhen the shipping
crates are stacked together) and weight (500 lbs for
the instruaent alone and spproxicately 800 1bs when
packed in the shipping crates) of these units are such
that the apparatus can bde easily transported and vsed
ot & varfety of field sites. The required ceasurement
tiae at any given site is expected to be 1-3 hours.
Ve expect the accuracy of these moters to be 3-5 ygal,
an accuracy vhich translates $nto an equivalent height
sensitivity of 1-2 c», We telieve that field use of

.

these instrusents wil), ssong other things, contribute
to the study and measurement of vertical crustal
motien,

*NES-NRC Postdoctoral Fellow

Staff Mewber, Quantum Physics Divisfon, Nstfonal
Bureau of Standards.
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L._E, CARTER (Kationsl Geodetfc Survey, Charting and
Geodetic Services, Kational Ozean Service, NOAR,
Rockville, ¥d, 20852)

Seversl metho¢s of observations are currently being
vsed to produce Earth orientation (f.e., polar motion
and UT1) time series. The International Radioc
Interferometric Surveying (IRIS) time serfes., tased on
multi-station Very Long Baseline Interferometry (VLBI),
currently have the highest temporal resclutiens and
Towvest formal errors, Each 24-hour IRIS cbserving
session typically ylelds estimates of the x and y
components of polar motfon and UT1 with forma) l-sigms
uncertainties of ¢ )1 millisecond of arc and ¢ 0.05
mil11isecond, respectively. Experimental single baseline
sessfons of only l-hour duration have 2ypically produced
UMl valves with sigras of ¢ 0.1 si)1{saconds. Determining
the accuracies of the IRIS time serfes s difficult
because there are no truly comparasble serfes from cther
techniques. Intercomparisons with lunar and satellits
(LAGEQS) laser ranging can place upper bounds cn the
srrors over limiteg time spans,

Requirements for Detersining 3 cm Relative Ceofd
Heights from Gravimetry .

A.H.W. KEARSLEY (School of Surveying, University of
N.S.W., Kensingron, 2033, Australia)

The error sources vhich affect the precision of
gecid determinations from gravimetry are classed
according to their wvavelength, and those vhich have
short wvavelength (<100 kn) festures are analysed to
find their fmpact on relative geoid heights (aX)
over baselines of up to 100 kz. Various forms of
the Stokes Integrsl are 3130 tevieved to find their
contribution to the error budget.

It 1s found that 8N should be computadble to
¢S cn 4f gravity 1s available on & 10 kn grid to
at least ¥ 3 nCal, provided ’

(a) systecatic errors io

{1) the gravity are kept belov 0.1
sGal per 500 kn,
and in (11) the height to below 15 en/100
k=
(b) the mean elevation of the region is less
than 2 km, and ..
(e) a efrcular rings method {s used to evaluste
the fnner spherical cap.

[

¥easurenent of the Vertical with Satellite taser Ranging’ .

« E. SMITH )
g. C. CHRISTODOULIDIS (Seodynamics Branch, Goddard Space
Flight Center, Greenbelt, *D 20771)

from the anelysis of Lageos laser tracking dats 1t is
possible to derive the locaticns of the tracking sta-
tions with precision comparadle to the datz quality.
The horizontal poasition {s sepirable from the radial
distance to the center-of-mess of the earth ond the

latter has & regnubiluz of 2 or 3 centimeters from
ear-to-year os0lut e acCyYry as _inferre
: *r'om The stability of GN from year-to-year, is believed
€6 Bc_ T3 cm 3¢

=3 e’

Kralysis of 3 ¥

pr__a__hewtonisn__coordinate system,
2 rs o ats

ro.  the Yarragadee,




Australis laser indicates wmonthly consistencies in
height (center-of-mass radisl distance) of 5§ em,
Comparison of the relatfve heights ef six statfons 1a
& local region with ground survey coeafirmm the laser
capability of 1 to 2 centimeters over extended perfods
of time. The largest source of error sppears te be
consistency of datz quality followed by gravity mode)
and stmospheric refraction. The ‘long term effect of
small errors in the earth and ocean tides does not
appear to affect the height asccuracy above the centi-
meter Tevel,.

Precision of vertica) position esticates
Lrom VIAY

.E. MEPRING (Harveré-Saithsonian Center
for Astroptysics, Cxmbridge, Ma, 02138)

e will exanine the prosprcts ©f uxing
very-long-taseline interfercmetry (VIBD to
messure vertical crustal motios. The rajoc
linitation of such VIBI scasurements will
protably be the modeling of the proprgation
éelay through the neuvtral 2tmosphere. We
will &isass the &Liciecies o e curzently
avzlleble atmospheric delay models and the
impact of these deficiencies on vertical
position estimates, Do

The repecatability of beseline length
rezsurensnts are -to infer the ecision

~ of the verticzl position escixates by

mhb?nﬂ-ne Roiection ef vertical position
errors into taseline length. Thwse amalyses
inficate that qurrently VIEI eaan only m-asure
vertical positions with & pxecisionef ~ 10
o for beseline lencths greater than 1000
km (the shortest length bzseline we have
examined}. This precizion exulé be fxproved
by using wore accurate 'dry' atnospheric
delay models: and bty direct calibration of
the delay due to water vapor,

Transcontinenta)l Vertfcal Motion from VLEl

A. MALLAMA (Science Applicatioas Research,
6811 Kenilwvorth Avenue, Riverdale, YO 20737)

J. RYAX (NASA/Goddard Space Flight Center,
Creendelt, XD 20771)

The vertical component of VLBI measureunents for
single baseline experimente is directly affected
by the sarth orieatation parameters that are used
in data analysis. The effect of uncertainties in
earth orientation on vertical cessurezent has been
evaluated for hypothetical baselines across
North Anerica.

The dependence of observed delays on the

‘ troposphiere 2lso introduces uncertainties into

vertical measurements. Data fromw RASA/Crustal
Dynauics experiments are anslyzed to investigste
this effect.

Ibe_fecurecy of the Yertiepl Cosizoest ¢f Sirelines
An Ceodetic YLE]

FREDERICK ¥, FALLOK (Nationmal Ceodetic Survey,
Charting & Cecdetic Services, Kational Ocexr Service,
KOAL, Rockville, MS. 20852)

Iz grodetic VLEI It 43 the consistency of baseline
Jeasth vhieh bas been copventionally used as & messure
of stability. Chazges in the other two baseline
cospopents are ot usually exazined becsuse they are
ioseparadle (or pearly ss) frox chasges 1z the

. orjeststion of the Earth 2z & vhele, ip which the

baselipe 1s exdedded., But these cocioments oo would
cotvey valuzdle icforxaticn, 3f we could viev thex
i1g fs0lation. In particular, for banelises up to
“ 1 Larth radivs, one of these coxporants ecisciden
roughly with the vertloal at eitber ebservatory. It
is tris *vertical® laselins cocdozent whkiek woulg
revez]l verticsl erustal wotiors, as well a3 vilwalle
clues to the gystezstic erTors arising froe vanodelled
stacspbearic delays,

For the first tise, ve bave {sdlated the true

vartica) somozent of tasalire sdjustaests by eaoying
the eharnges o Larth oriestatica parancters (EOF) as
del:hni;: {;':l an s2tirely independent Cala source =
- the ¢111te Leser Ranging (S1R) results ef the ==
0. of e Canker fo TR Ee ) T i et
boea shovn that theae SLR-derived EOP bave an aocuraey
conparsble to those derived by tha POLERIS VLBY
progran, Thea the resullsst vertioal coupopests
abould bave an accursey limtted ouly by errcrs ia
the POLLNIS éata soquisitioz end peductios process,
Results bave beep cbtaised for the baseline Westford,
Mass.~Ft. Davis, Texas, for seversl €ates durting the
your 1983. 4z upper Lizit 48 set for vertical sotfens
at the end pouims of this buseline; coxparable results
ean be obtaiped for the other sites in the POLARES
setwork,

4 - R Wageitmena anddne 0
Kotien i
2EIZR K, YUOOER,

JEAK E. PATTERSON,

SCOTT A. STEVEXRS (211 at Jet Propulason Lsdorstory,
cum;rau Instituts of Technology, Pasadenz, Calif.
$1109

Pressat zodblle VIBY technolegy permits esticatios of
the baneline vertical ecoordimate with an accursey of
approxizately 10 ez for Daselines of length 1000 kx or
lasz. The mejor eontributions to the errcr budget are
frox atmospheric water vapor (2 € ¢z of the baseline
vertical error), eartd criectaticn {s 3 ea) anc¢ the
eombinatien of system noise and unmodeled randoa error
(¢ 2 en). intieipated izproveasants 1n WVR technology
and lunar laser raoging mezsureanent ©f earth oriestae
tion are expscted to reduce the costributicns fros
theae scurces to approxizately g 1.5 em and ¢ 0.75 eum,
respectively by the end of 1986, with a total forsal
uneertaity for modile VIBI determination of ths base-
1ipe vertical of' ¢ § c=.

Baseline measurements utilizing the CPS systen of
satellftes will bave xany error sources ia cozmon with
acbile VLEI measuremests. In partienlar, atascspheric
wvater vepor vill resair & sejor source of errer for
estication of the bdaseline vertical. Covariance
analyses will be presested ahoving that, assuming that
the same jcprovements ia ¥VR tecknology as for achile
VLEI, uncertainties in the vertical cooréinates of CPS
Csternined baselices can be expectad to e betwesn 3
and & cm for baselines lesa than 1000 km e length.
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Ellipsoica) Height Differences in & 37-Station Ketwork
Messured by Interferometry with GPS

Y. B0CK (&ir Force Ceophysics Laboratory, Geodesy and
Gravity Branch, Msescom Rir Forece Base, MA 01731)

R. ABBOT, C. COUNSELMAK, S. GOUREVITCK, R. KING (Dept.
of Earth, Atmospheric, and Planctary Sciences,
:.;:;;;husetu Institute of Technology, Canbridge, MA

1 ‘

Ellipsoical height ¢ifferences among 37 stations inm
the Eifel region of Cermany have been computed from &
simultaneous lesst-sQuires adjustment of sixty-seven
three-dimensional intersite taseline-vector
Ceterminations, These vectors had been determined
Quasi-incependently by anzlysis of doudbly<differenced
phase cbservationsz, by Vacrometer (TM) model V-1000
Interferocetric Surveyors. of Glotal Postitioning System
(GPS) satellites. Thirty-siz baselines were observed
in Jeplenmber, 1983, and thirty-one others in May, 1980,
Siz staticns were common to both sessions. The average
intersite distance was adout 10 ke, The statistics of
the sirvltareous network sgjustment (which aszsumed no
erustal rotion) indicate that the cne-sigra uncertainty
of. the ceterzination of the ellipsoidal hefght ¢iffer



ence between any two sdjacent stations vas about 20 mm,
{The intersite distances were determined somevhat more
sccurstely, with sbout 10 mo uncertainty.)

for the purpose of sonitoring verticsl motion,
e11l4psoidal Leight differences are no less useful than
orthometric height differences, ané may be preferadle.
Certainly, ellipsoidal height differences can be
measured much sore rapidly an¢ economically than
orthometric heights, now that GPS 43 avsilable, CPS
has begun to be used for land subsidence monitoring in
the cosl-eining regien of the Ruhr,

In s companion paper, Engelis et al. will describe
the use of gravity ¢ats to infer the undulstions of the
geoid, ané theredy to reduce ellipsoidal height 6iffere
ences to crthometric height differnces, for the purpose
of intercomparison with trasditional leveling dats.

mu\}rlnp Crthometric Nejght Differences with GPS and

T. ENGELIS, R. K. RAPP - (Dept. of GCeodetic Science and
Surveying, ihe Ohio Siate University, Columbus, OM
43210)

Y. 3K (Alr Force Geophysics Laboratory, fieodesy and
Cravity Branch, Kanscom Alr Force Base, MA 01731)

Ellipscidal height differences can be determined with
uncertainties of 20 mm or Jess, over 10« distances,
by interferometry with the GPS satellites (see
companion gaper by Pock et 3l.). Geoid vrdulations csn
be detersined with similar uncertainties, given
satellite-cerived and terrestrial gravity data. The
cce=biration of interferometric snd gravity data can
yleld orthometric height differences. Ve have tested
this procedure on 8 37-station geodetic network in the
Eifel region of Cercany., We compare the orthometric
helight differences that we derived in this ranner with
orthometric height differences that had been mezsured
by conventional leveling methods.

.

Accuracy of GES for Monftoring Yerzica) Motions

Y. E. STRANGE (Nationa) Geodetic Survey, Charting and
Geocdetic Services, Kattonal Ocesn Service, NOAA,
Rockville, Kd. 20852)

Three single frequency Globs) Positioning system
(GPS) geodetic receivers vars useC in Arizons ia
March/Apri] 1554 to determire o111psotd helfght ¢ifferences,
Observatfons weres carrted out over two level Vires. one
45 ka n length, the other 50 km. Each height difference
was cbtatned using singls cifference processing of 4
hours of ocdservations with five different satellites
observed during 231 or part of the & hours. For one
Tine, with statfon separations ranging from & to 45 s
the raximam varfastian 1n {ndepandunt repsat deterzinations
of e111psctd height was 2.0 cu. For the sacond Tine
with station separations @ to 50 ke the maxfsua varfation
wis 2.5 cme despita partial salfunction ¢of one of the
receivars, Conversion of the GPS ellipscid heights to
orthemetric heights ustag gravimetric gecid heights and
comparison with sfaulitanecus leveling resulted tn
sgreement at the 3 to 7 cm level, Since the geofld
heights are not sxpectad to be more accurste than ¢ 3
tc S c= this suggests the repestatility of the GPS
re2surenents closely approxisates sccurscy. Thus GPS
sppears to be presantly cipadle of manitoring vertical
actions with an res accuracy ¢f 1 to 2 cm using Cats
from a single 4-hour mezsures<nt perfod.

A _Canséian Evalvation snd Anslysis of the MACROMETER™
Intecferometeic Surveyor

K.D. VALLIANT. Eerth Physics Branch, Dept. of Energy, Kines
and Resoucces, Ottews, Ontarlic, Canada

C. SEUTLER. Visiting scientist form the Astronomical
Institute of Lhe Unjversity of Bera, Swilzerland, presently
with the Depl. of furveyling Engineering, university of Kew
Srunswick, Predecicton, New Srunswick, Cenada

R.B. LANCLEY. Unlversily of Kew Brunswick, Cept. of
Surveying Engineering, Frederictoa, New Brunswick, Caneda

A [leld Lrial with the RACPUMETER CPS pousitlioning system
was eode in the viclnity of Ottava, Carsda during July and
sugust 1983, vsing two V-1000 single Cregquency recelvers.
Twenty-nine octserving cesslons were held oo o vaclety of

baselines, ranglag from J0m to 66 ka. Reduction of the date
vsisg Kacrometrics® softwars showed an agreemest with
conventional values o the short basellnes, 30 and 2200 [
of 4 and § e respectively. On longer basellnes froa 13 to
66 km. the stendard devlation of & single bass llae
deterninstion ranged from 0.3 to 3.0 ppm of the baselise
length in &l) three coordinates. EKight observing sesslions
vere rejocted from this data set due to hardwace
malfunction. Latitudes and longtitudes oo the Josger
baselines also agree with currently available convestlonal
values to within & few ppa of the baseline Jength. NRelght
@ifferences sppesr Lo agres ressonsbly well with estimsted
geold helghts. Agreement Is generslly within the ecroc
1lmits of esteblished data and sa lmproved deflinition of Lhe
cooventionel geodetlc network Is reguired before & more
definitive conparison can Be made,

The University of New Brunswick lodepesdently Geveloped
software Lo process the phase scesutesents from slagle or
»ultiple observing sessions. The software ylelded baseline
toemponenis agreeiag with the seans of those cbtained with
Kacroneleics® softvare Lo sbout 1 ppa. Tbe software ls slso
crpsble of oblainieg s network solwtlos by processing all
observation sessions on all baselimes simultaneously. The
network sclutlon 35 significantly strooger thes the solutlon
tased o8 single basellne processing. -

The preclsion ef the observations for dorlzontsld
coordinates coapares fovourably with grecise optlcal methods
for horfzontal coatrol currently used for erwstal motlon
studies. Ualike opticsl methode, CPS metsurements are not
1iaited to inter-visidle stations. Precision la the
verticel co-ordinste however ranges up to the specification
for second-order levelling. & dual freguency fastrusent,
pechaps with ancillary water vapour observations might be
pore competitive for vertical control on baselines much
longer Lhan those tested hecs.

"Registered Trade Nerk of Macrometrics, Inc.
Woburn, Nessschbusetts, USA

Determination of Geoid Slopes using GPS

L. D. HOTHEM, R. J. FURY, D. 8. ZILKOSKI (National
eodetic Survey, Charting and Geodetic Services,
Nationa] Oceanic and Atmospheric Adninistration,
Rockville, Maryland 20852§ )

Stince esrly 1983, control survey projects Yocated
in varfous regfons of the United States have deen
performed with satellites of the Globa) Positioning
System (GPS). The GPS surveys were conducted to meet
requirenents for crustal dynamics, 1and subsidence
ronitoring, comparison with measurements performed
with other space survey systems, and for connection
of new points to the National Geodetic Reference
System. A1l projects have fncluded conrections to
bench marks with heights determined from differentia)
leveling. The ellipsoidal height differences
determined from the GPS measurements and the
orthometric height differences between bench carks
were used to compute geofd undulation differences,
Undulation differences based on unadjusted and
4djusted orthometric heights were anzlyzed. These
differences were compared to gravimetrically and
astrogravimetrically computed undulations, The .
comparisons yielded differences of under 210 em
where the station separations were generally less
then S50 km,

A _GPS-%VR Beseline ksaguresept

R, ¥, Yeye, Chrttstiasn Rocken
{Cocprrative Institute for
Rescarch in Invirecnzentzl Sclences,
Boulder, CO 80309)

¥e kave cerried cut & Clobel
Pezitioning Systea (GPS) dereline
nessursZent ipcluding wzter vaper

- re@lozetar (WVR) meesurezents slo

the lige-of-gizght to NAVSTAR satellites,
Both ¢ GPS receiver end & WVR wers
si=ultenecusly operated et esch end of

¢ 22-¥m bdareline neer Boulder, Coloredo.
Yesegurezents were taken oo thres
consecutive esvenings im July, 1983,
during lecel thundersterz setiviy,
Yacro-eter sirsle-freguency eceivers wers
operated by the Nationsl Ceoletic Survey



apd NOAR reéiozeters were used, Excess
petk cerrsetions te GPS phese measuTexents
resulting from tropospheric weter ¥Yepor
were computed from ths WVR dete. Ve

found that the repsatadility of the
baseline length &eterninpation, iz the
herizeostel and in the nrtieai is
improved roughly by a factor of two when
ths WYR corrections are imcluded,

Progress - on Methods of the Future: Rydrostatic

Leveling

E. WURST*

R. BILKAX (Both at: Lamont=Doherty Geel, Obs. of
Coluabie Univ., Palisades, NY 10964; ¢Also at:
Dept. of Ceol. Sci. of Columbis Univ.)

Conventional optical leveling can be sssocisted wvith
systezatic, height-dependent «rrors. In an effort te
deternine elevations that are free of height-dependent
errors and bassed on entirely different phenomens, we
have been pursuing the development of & hylrostatic
Jevel vhich uses & tube of water.

Ve bave chosen 10 tises the verticsl traverse as
our design goal for the wzaxismun permissible beight-
dependent error. This requires us to saintaia the
vater column et its maximws density st 3.98:-0.3°C.
This requirement has been wet in & prototype 10 = long

tevel and thecretical caleulations indicate that it’

should de possidble to do this iz & production level
sbout 150 = long.

$o far, our efforts have centered on using quarts
pressure eensors to messure the pressure generated by
the coluzn of weter to determine the elevstion differ-
ence. HNovever, we have found recently that these sen~
sors ceanot be relied upon to produce sccuracies of
better than sbout 1 =m in the presence of full scale
pressure fluctuations. Ve sre investigeting alternate
methods of detercining elevation differences from the
column of wvater, focluding ditect height transfer frem
s free fluid surfoce. Paroscientific 1Imec. is alee
workiog oo the developsent of a nev pressure sensot
which shovs great procise of having the required sccu-
racy.” .

The developoent of the hydrostatic level would be of
great benefit to the geodetic community in that it
could provide elevation determinstions te & wmuch

greater sceuracy end precision than is precently poss-
ible with ecptical leveling. It wmey &leo prove to be
foster slong major leveling routes accessible by truck,

greciie Trlgonmetric-uveung

€. T. WHALEX (Vertical Ketwork Branch, Nationsl
(Eeodeti: Survey, Charting and Ceodetic Services,
;a;;;;u Ocean Service, NOAA, Rockville, Maryland

The Kationsl Geodetic Survey (NGS) conducted precise
trigonometric-leveling Lests during March-June 1984, to
detercine 1f the procedure is suitadle for first- and
second-créer surveys en the Kationa) Ceodetic Verczical
Ketwvork snd for verticsl crustal motion wonitoring
surveys. The interest in trigonometric-leveling was
genersted by problems with conventional cecpensaeter
Jeveling surveys caused by refraction and magnetic
errors, and by collization errors that change with
tesperature. Refraction errors may be reduced in pre-
cise trig-leveling by obzerving parallel to the ground
and balancing sight distances., Magnetic errors can be
avoided by using instruments that are not sensitive to
magnetic fields. Collizstion errors sre canceled by
meaning direct and reverse zenith distances odscrved to
targets. .

Two types of surveys vere tested. The first used
height transfers between & pair of Wild T2000 theodo-
lites by simultaneous reciprocal zenith distances and
DIS slope distances. Height transfers Detween bench
tarks and theodolites were made using either zenith
distance and slope distance measurements froz the
iastrument to two targets on & leveling rod, or by
observing zenith disiances to four rod gradustions.

The second survey used a single T2000-DIS systex and &
pair of leveling rods, esch equipped with two targets
and tvo small retro-reflectors. Motorized leveling
instrument vehicles provided transport for the theodo~
lites. Motorcycles were used to transport the leveling

rods.

The Vild T2000-D15 syster met second-order, ¢lass I
standards for vertical control surveys, over a 38-
kiloneter test course. Producticn averaged 11.4 kilo-
:eur: of single-run leveling per €-hour day in rolling

errain.
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ReviewerB RICE ; T WSE: E, BUEFLUEH
'D§te OCT. 17, L9 %Y

GEOLOGY-GEOPHYSICAL DATA REVIEW CHECKLIST

Name/type, identification number, and date of survey? :
AEROMABMETIC SURVEY; TOB 8lI-206 , GEdTERkREX LIMITED ; 1969-770.

What was the overall objettive of fhe survey?
(i.e., What features were to be identified?)

UNCOMPAHGKE PLATEAU |, PAKDOX Foud MVD FAULT BAT, Mowmeh™
UPwARP, BLAMDING BASIN, AND AREAY OF IGMEOVS INTRUSIWES.

What criteria were used for line or station locations selection?
NORTHEAST  FLIGHT LIAES FLOMV TO IDENTIFY AMETHWEST .
T 0ING FEATUCES IN THE BASEMENT STRUCTUEESS AnD iNTEUSIvES:

What geologic constraints were used in determining coVerage?

(sce 1a D 1b)

What was the density of coverage in survey?
(i.e., seismic coverage, gravity station locations, aeromag. fit line
spacing,...) .- ) '

{1 MILE FLIGHT LINE SPACING — S MiLE TiE LnE SPACING
FUGHT ELEATIOVS 75007 10,600} 12,000"; A0 13,200" BAIMETAIC
o2 vArIovS BuockS.

What features (i.e., structures, anomalies, stratigraphic parameters)
were determined by the survey?

SMAGNVETIC. ANOMALIES - IMTERACE TATIONWS OF STRUVCTURAL
FATAES INCompPeTe AT THIS TIME, |

Comments on:

DATA (oaRhe O QUALITT AFPERE TO Be oo



Za- .

2b.

2¢.

2d.

2e.

Reviewer?ﬂ&; J.imse, L-.Wua
Date ofr. 17, :5?«4

'VHow is the procedure documented?

Suevet REPUET BY ACQuSITIon COVIRACTOR

Is it a standard (ASTM) procedure? If yes, provide reference.

NO, THESE ARE STHNOARD (VDuSTRY PROCEDURES

If non-"standard", how was the procedure developed, reviewed, documented,
and approved? For example, COE, USBM, USBR, USGS, NBS or other
(internal) processes. :

(sez za.)

Have there been revisions and how and when were the revisions rev1ewed.
documented, approved, and implemented?

NO ReviSioNS

Show are any deviations from the established procedures that occur during
survey documented?

- No DeviATionS

Comments on:

MoNVE
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3.
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3b,

" 3¢.

3d.

3 RBEBWE; T IME; E. BUEFLUEH
ocer, 17, 1984

What instrumentation is used for the survey? ’

‘QESIVM VAP MAGNETOMETEE MDD FIXeED wwcr AircAFT

- (MAGVETOMETER. IV ToweD BIRD)

How were the reliabilities* of the instruments specified?
INSTRYMENT BRUABILITIES Nom SATUFIED IN REPOLT ArvD
LoCATIons FhELJ/HSILIT7E:5 e Mo STATED

Is there & calibration system and were calibrations systematically
carried out according to approved procedure?

CALIBRATION AST STATED In VBV BERRT

Are the calibration procedures traceable to nationa! or industr1a1

~standards?

(see 3b)

Comments on:

RBeroerT 18 MARE OF AV WIERPRETED ReFoeT EATHES THAN
fi SR LOGHSTICS RETORT,

Reliability is defined as the probability of an instrument to perform a
stated function under 2 stated environment for a stated line.
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4b.
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Reviewer B.EICE; T, mSe; €. auerivc
Date ocr 7, 1984

'what are the data processing and presentation techniques used?
TorAL Frewd inrersiny MAPS

How can the raw numerical data be retrievéd?

MANETIC TRPES D PAPEE FueHi Line ARoFILES

Are the data presented in a complete and clear format?
(Comment also on the utility of the presentation.)

ONLY DATA AVAILABE Als IN A TorAL FalD ivienSity MAP

Are the data keyed to geological, environmental, geographic or othér
traceable references?

DATA APE TRACEARE TO GeoGRAPHIC ReFeteMCE'S ( Town S Ip LMS)

Comments on:

Nonve
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Sb.

] Corrective Action

Reviewer B.R\(CE ; 3‘ lm&-, E. aLrve
Date ocr. 17,188y

What are the acceptance/rejection criteria for the survey data?
NONE SPECIFIED '

Were these criteria established prior to survay performance?
(e s.)

How are the criteria implemented? (Data handling, review procedure,
corrective action.) ,

(seE s.)

0 Data Handling

0  Review Procedure




ReviewerB Bice TIMSC E. TucrueH
. Date oot 17, 198y

General .comments (such as, relationship among different surveys, impacts

on interpretation, instrument redundancy, factors resulting in test
closure, accuracy of measurements, limitations, additional uses of data,
computer programs, and other miscellaneous comments).

. THERE 1S NO PLANMED DATE Fof THE MEXT DRAFT OF THE

KITTHO REFOCT (DEC. 1983) CoMANING A COMPLER: AVD
INTEGRATED  INTECPEeTATION OF THe AgRoMAcneTic. DATA.

Requested Data - (Identify all data and documentation that are needed for
further review).

CoPY oF THE LOGISTICS /rMD .SUEUE‘T l?c-PoﬁTS AVD
MILABLE‘ MAPS.



