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REFLECTED SHOCRS IN S102*

J. N. Fritz and R. G. PfcQuean

Los Alamoa National Labor~tory
Loa Alam.a, Nt4 87545

Pavlovskil et al.’, by compreaaion by a ❑agnetic field, find a cranattion on the

quartz lsantropa at 125 CPa. The transition, having a 2-fold Increaati in danaity

over and above the danaity imcreaee from quartz to aciahovitm, la aecribed to tha

matalization of quartz. The gaophyaical t.iplicationa of euch a transition would be
profound. One would not eee euch a transition lrt atngly-shocked quartz bacsuae all

the chock energy would he lncreaotng the thermal ermrgy. Accordinf+ly, we have par-
Eormad ❑ecoud-shock experimanta on a fino-grained quartz. ‘t%aoe data will ba pre- ~

oented. No evidence for a cataetroDhic voluma colla~ae warn found for second uhocke I

up to 145 GPa.

INTRODUCTION I

A two-fold tncreaee tn daneity in S102 at 125
CPa over and above tha increaee in denalty 1

from quartz to attshovita wo~lld have enorrnoua
gaophyaicnl con.9equoncnn. I’fuch of the
conjecture about the compoeltton of tha lowar

mantle depends on the relative incompreaolbLl-
ity of stimhovtte irnd other oxide phauee which
●re aaeumed to behave in a similar mnnnor.
Indeed , such a tremel)douu clenolcy chnnga makes
S1O, a viable candidatn for a core.
conntlrliellt . It would rvon be n cnnducttvc
conetltuont lf the tran~ltiol, produclnR such a
larRa deneity cllnnRr wae to a ❑etallic phaee I
of Sio,.. I
Tha .?buuncv of ●ucll n tran”itlon in I
elnRlc-nhock Jntn mtarting frum a material

with quar!x-lika den@ity La nut an armument
agelnpt tile nxlntonc~ of much n trnnnltlnn.
r tl tho nxact oxpranston for the nlopn of tllo I
Hugnnlot curve, tha fmctor 1 - y(P,V)(Vo-V)/2V ;
Occurti 1n thp donomlnntor. AlthouRh thtr
factor d,oce not vanlah ,Intil n denelcy of

1] R/CR) lm #ttnined (for the nnnumptlon of Y
conucnnt nnd n Yn = 1.52 mt ntinhovtce
denelrv) it le ltltmmdy amplifying tllr
locally-hl~h lnencroplc elopn by n
thraa by thm

fmctn~ of
tlma the ,Imnelty (1.7~,/cm ) nt

which Pnvlovekll ct ml. I Mao the trnnnltlon 1~

attninod nn the ~lngle-qllu~k Iiugoniot, ‘rhin
tn nnothnr wny of nmytIIu nll the ●xtrn onflruy
ona pIILO lntu a nlnglr nhock Roan lntu tharmdl

enerMy find do~ila”t lncrnana rh~ danmlty. till 1-
tiplu nhuckrn prnvtdo n w.uy of gattlnx tl) tho
hlgtlnr ,Ionsitlem wltll nn inmntroplc cl]rnprns-
rnlmt l~PLIIR thu llmitlnN rmIw of multlpla
rnhocklnN. [f mtlmhnvirn wcr~ avmtlahlm an n

r4tdrtln R m~tnrlal onp I:mIld oljtr~rvu tho r.ran-
nl lion in Blnul,, -mhork drnt~l (tlla v,, 11} thu
factnr in ml}rll rpdll:utl). Qor nqIw we pron~nr
two rnf Ivr teal nhock r!lrv,~n, (.antoro,l ar t Wll

dlffnr-,lt pr4$nmttr0n <111 tl)o nt)vnrtllllo
ltutiotllot .

I
..—.... .- -----

Work m!ipp(lrted hv rht, 11.s. Dnl)nrtmmnt of

I
Exparlmental

‘R/O chin slabe of Arkaneas Ilovaculltu, n
ftne-Rralned quartz nagr~k?eta with u denei[y
of 2.64 g/cm3 an< an impurity content of Ieen
than 1%, were uaati na baae platca in one of
our stnndard confiRurntiOne for maaeurinu
shock velocit Lcs. lIxp Ioe tve ●yetwmn drove
metal platen (2024 Al for the lower preneure
ehot and 347 etn[nlaas otnnl for tl]a highui)

through a 25 mm He-gas-filled free run to
Impnct on the nov~lcullto bnee plnte~ (5 and 4
mm thtck for tlle lower and hlghar praanuro CX-
perlmanta). l%anty-nix mamplae dmra mounted
in an amaamhly that held them to the other
elde of tha novacullte. Li.qht from flash gap.
on the baeo plate nnd rnampls aurfacae wne
rocordad by n etraak camata a>d carved to nmn-
oure the nhock valocitlae tn the namplaa.
Shock velocitian Ln novacullto ●amplen Rv~9
tha hune-platu m?atn (our lnltial ntatn for
tha nuhneqllrnnt raflactad ohnck) nm! four other

maccrlnla of Il!.Rhrr Impodancn refl{cted nhocko
at varlt>tie ●crengthe lntn the base plnta.
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Tlm sfngla-shock equation of state of these
matariala than permite. us to obtain the P-u
points of tha raflectad shock in the baa B
plata, cantared on the initial shock stata
meaaured by the novacullca eampla.

P.ecaua.9 of the high wava valocltiam in
compreosad S102, one needs to rake spaclal
cara that the US maaourad in a aampla la
uncontaminated by ❑ultiple wava interactions
from the rear. Figure 1 ahowa the wava lnter-
actiona appropriate to the W ●ampla for th~
highaat prassure shot. The SS347 driver must
be thick enough so that the ralaase wava from
its back ourfaca does nnc intarfare, and the W

sample muac ba thin anough EO that the next
~~ock from the novaculita will noc catch up

●nd giva a apurioualy high chock valocity.
The bulk calculation (solid llnaa) indicate
●afaty. PoasLbla alaatlc pracuraora (dushed
llnee) cut into thin margin. If we add up the
ctma increments indicated by the Added paran-
thaaim and au btracc thl B tima from the extrap-

olated ●acond shock l,) W WE still have a
aafaty mar~ln of 0.1)7 pa after t!le first shock
in tha U slnms into t ha aluminum ●hlm and
flaahrt tha gap Tha precursor bafore the
shock convnrtlng tha alngly-nhockad novucullto
(1; n 55 GPa ntnta) to the dnuhly-nhocked
novncultce (2, 15C cPtl) 1s unlikely. I’ho
●catn 2 [n our chief concarn. If the tranal-
tion wora prenent thu wave convmrtlng 1 co 2
would bc trpproximataly ●m ehown, but would

only convort the novacultto to 125 CPa. A
macond Mhnck ●m~natlng from tho novaculita-W
Lntaraction tr4vaIlnjf at n vary elow valocity
would ●ccomp~lah thm actlml phnna tranaltion.
me P-11 ntatm~ cnrrenponding tn the polygonal
nr.nm l~thn y-t tntwraetton dingrnmara ahon
in F!R. 2. Stdtn 1 la th~ alngly-nhockad
novncwi[to nnd lt bouncen up bmtw~un thn U #nd
SS3~7 lluRonlotn. Stru Lght nulld linrm nrm
chordn conuectlnu the intmractlon mtntnn. Th U
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dotted lina from 1 Up la the calculated
varaion of tha raflacted shock curve we vieh
to ❑eaeure. Shock-velocity me.suuremanta of
varioue ❑ateriale on the baae plate put
axperimantal pointe on thie plane, If a
2_avo etructurs goes back into the baee plate
abova 125 GPa the dottad wave with che 2’ on
it will raeult. Unlike forward locks in
aamplen, a sample sitting on the baae placa
meaeures the etata behind tha amcood shock.
This second chock (third shock actually) was
computed by cantering it on cha braak-over
point on the doubly-shocked curva and asaumlng
a vertical P,V curve ae the endpoint at a
danatty nf 10 g/cm3, Clearly the form of this
●lternate oection of the reflected-ehnck curve

dspanda on form of the transition in the P-V
plane.

For the calculation In ihia n.action and tha ;
raac of this note tha EOS for novacu Lite we
hava umad is a Hugonioc curve for etisllovite:

Do - 4.287 g/cm3, 0 - 7.626 km/e, a - 1,5;
and cha nff-Hugonint apeclficntion of enemy:
oy conmt. with Y. (nclahovtte) - 1.52, ~nd
Eo(mtlchovtce) - En(quartz) - 0.80 J/mg.

Raaulte

FIgura 3 showm the u lnenaurementn.

❑atarlul they coma~n ,wogroupm.on~”~ore~~~
~Ower-preOOUrO ●hot ond onc for tha higher.
Tlra sprefld in velocities la an !ndtcatlon of
tha pruciaion nnd ia almo a ronmequancn
(poaalbly) of variation in baae-plata praeauru
in tha lt. terml dlmansl.nn. In either crime,
avaraflam aro appropriate. The EOS”S of the
Vmrioum mater iala parmlt un to plot theea
pointn in thn lane nnrf in Fig$ 4, in
tha P-u

‘l”-up P
plnna, where tha mndlmtlrmd

raflactad~nhock curvmn ar~ nuw obvto!lm .
Figura 5 nhowe rh? cn]culatod r~flacted Mhncks
from tho maneurad p,)lntm on tllm mlnglm-shock
Ilugonlot And FLguru 6 ●llows thoma curvam and
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compares them with cha averaged experimental
points. If the transition were co havm oc-
curred the upper U point would have fallen on
the lower one, but it ie on the continuation
of the doubly-shocked curve.

Theea results are sanaicive to the clonura
time of the E1.aah gapa on the baaa plete. If.

upon raloasing to a low praeoure at a Free
nurface the ntle.hovitc does not reconvert to
quartz, the time required cc close the gap la
appreciably longer. Thin has :he affact of
lowering the ❑easured nhock velocicy in che
highar impedance samples (tha effect la
eyrrmacric on the novaculice aamplea and

introduces no error). If it reconverca, than

ufs - 2U (or a llttla grnater). Some expari-
❑enrn Ew re clone to inveatigata this point and
indicate the latter ia correct. ‘ITvla, the
open aymbolo .mra prefurrad and the cloeed

eymbola are shown to Llluocrate the magnitude

of this affect.

Dlncu9slon

The W r9aul C at 150 GPa concradlcta the
●xtacanco of n tranaltlon at 125 GPn. If

there 10 an tncubatlon time aoeoclsced with
thin trannlrton, our experiment la 111-muitod

to detect lc. ThII shock valoclty sat up in

the tunR~can lnittnlly 1s rho Lnatnntnnenuo
rmnponna of the novaculite. If it ca.~ea in

later, then this tnformatlon munc travel to
tha advancing nltock front in tungsten and #Lov
it down. Our break-ovor point, if We hnd
detactad Lc, would have baon conalderably
hotter thnn tho onc ohnnrved by P#vlovskli at.
a“ on thm lsantrope (tlllrn la vury clone t~
.(1 ecishovtte Ihlqnninc). A poaltlve dP/dT
fo tho transition would raqulra ua CO Look
hlghar in pranuur,!, [2 irn di[flcult to get ●

hlRh~r lmpndnnce matartaL to proba highs:
along than- pnrtlcul~r roflaccmd ●hockn. llOw-

av~r, it 10 qultr [ennlblc tu MO to n htghmr
lrrltlnl statn nntl RaL to mubntmntlally hfgh~r
re(laccnd prmmmur..m. Son,s rnp*rtm*ntn alonu

chand llnem *I1ou1II h,, do!lm. Cood , Lnruu s1411PI
of nnvnc!llitu, fn- IIn f(:r the mnmol)t unfortu-
nntnly , had bacorm I :arco.

TwrJ other nrfluments, pro and run, c~n ha
gtvmn. ltllrllo, in thn rllLlio ntrllCtUr@ (M
known tn II IIVCI“ lmrfla \,oliimm collnp~a. Thin
Il!flh-pronatlrti phnne COU1.d IJr n cfindidatn f~r
Cll@ hiMh-d@nMltv SII), pllang. on Lhn \th@-
hnn,l, It ia dlfflcllft 10 t:ndornt:, nd why thnra
lnn’t n hll~o ,Ilnc,,l!tlnuity in donnlty in thr
❑antla nt 121 f;Pn.
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Fig. 4. Individual P-up points on the S102

reflacted ●hocka.
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btncee for o~lr rufloctud #hock, ●nd cnLculatnd
double nhockn.
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