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This grant supports tile ge(>chemical aspects of tile research directed by Profs. W.J.
Meyers and G.N. ttanson on the origins of regional dolomites. The field aspects and the

stipend tbr most of the graduate students has been provided by donations from oil companies

and by grants from NSF and ACS-PRF. Without tlm central DOE support for the
geochemical studies the other support would be more difficult to obtain. As a result the DOI!:.
support is significantly levcraged. Eight graduate students are involved in research on

dolomite allowing the diverse range of studies outlined below.

Gary ltcmming tbr his F>h.D. thesis research has developed an analytical procedure for

the negative ion analysis of boron isotopes, so that samples as small as a nallnogranl of boron
can be analyzed on milligram size carbonate samples with a precision of about 0.5 per rail or

better. The ultimate goal is to place constraints on the types of tluids rcsponsil_le for dolomites.

The results _ f the studies to date on modern marine carbonates are pulHishcd in llcmming and

ttanson, 1992. The major conclusion is that mcxtern carbonates whether aragonite t:_rcalcite,

biogenic or inorganic have the same isotope composition, within about 1 per nail two sigma,
independent of temperature. In contrast to the small variations in isotopic COmlX_,sition,theft:
arc large differences in the B abundance (11 to 71 ppm).

Results (m the boron isotope composition of Mississippian marine cements suggest

that they have a much lower 11B/I(IB ratio than carbonates th>m imxlcrn sca,,vatcr. Pristine

Mississippian brachiopods, however, have I I B/10B ratk_s merc similar t(_carixma(es from

modern seawater. 'Fhcse differences suggest that the fluids rcsp(msiblc for merits," cements

may have a c¢>mplicaled history (Hemming and t tanson, 195)1).
In contrast to marine water and carbonates, freshwaters and freshwater carbonates

have much lower t3 abundances. Groundwaters prccil)itating cali>(_natc from 'l'cx,ls and

Oklahoma have B abundance:; of less than 5(1ppb. Their isotopic comp(_sition is similar tc) lh:lt
for modern m,lrinc carb¢_natcs. These results arc c¢_nsislcnt witta lhc I{ being th:.rivt.'d l'r('_m

ancient marin,."carb(_natcs.

Wilfricd Stoudt has just passed his prclimina U, Ph.I). exam. lie Imsdc\,clc_l)cd an icon
chromatograpt_ic technique for tlm analysis of Ci, SO4, and F abundances in carbonates with

an Cml>h:tsis(_n d(_l_milc. 1le finds that on scatter diagrams there arc dislinclly different fields
li_rd¢fl<)milesdczivcd frc_mhurl,ii brines, cvap,)rilic brines :tnd sc:_w:Jlcr/mixin£ brines (Sl_ludl,

Oswald and, cho_3racn, 1992). "l'tacsc rcsulls haw pr(m)l_lt:d him I(_dr'lorraine experiment:lily
the distributi<_n c<_,:fficicnts l(_r (?1,F, Na and SO4 in tluid-calcitc and fluid-dc_lc_mitc systems.

J<HanI t<_ffhas just finished his Ph.I). thesis on the Pb i:;c_t<_pcchemistry <_1rc ai<_n,tl

d(_l_)mites in the Mississippian I3urlingtt)n-Kc(&uk Fins. and tilt3 Pcnnsylvani:li_ \Vah_x_ l:m.

One of the m<>slexciting aSl>CCtswas his discovery that s<_mcsamples of the Mississ,l_l)ian

t3urlington-Kcokuk dolomites c_tIllinois, Iowa and Missouri taad a large excess of r,'ccnt

D_STRIBUTION OF THIS___&t_P_IS U"LIM_



II,

uranium, lie concluded that this excess U was most likely due to recent weathering during
which U was mobilized and transported to the dolomites, where the U was reduced and

deposited. Jeremy Jameson of EXXON who was studying the diagenesis of hot dolomites (i.e.
enriched in U) from tile Pennsylvanian Wahoo Fm. on the North Slope in Alaska became

interested in John's results and provided samples tbr John tO analyzcd. Presumably they had tj

added to them associated with a pre-upper Permian unconformity. The U-Ph and Pb-Pb ages
showed that this was indeed the case.

John has just developed a new procedure for the separation of Sr and Pb from

carbonates using Sr specific columns. This has made tile Pb and Sr chemist U much simpler and

lowered blank by factors of 5 to 10 comt)arcd to tile older procedures.
Bruce F'ouke's Ph.D. thesis research is on dolomitization of periplatform slope facies in

tile Seine Domi (middle Mioccnce to Plio-Pleistocene), Curacao, Netherland Antilles.

Petrography and geochemical characterization shows three distinct typcs of dolomite that
exhibit a regional zonal stratigraphy based on cathodoluminescence. Based on tile stratigraplly,
petrography and geochemistw, he has developed a model involving two major episodes of

dolomitizaton prolmbly by brackish or seawater fluids. This work clearly establishes lhc time-

stratigraphy of the Seroe Dotal, absolute timing of dolomitization. Comparison with others
research shows thai dolomitization of the Seroe Domi has bcen accornplishcd by morc tiron

one process (reflux of evaporitic brincs on Bonairc) on the several islands.

Bruce Fouke has lbund sector zoning in some dolomite rhombs. Scct(_r zoning of this

type has previously been recorded for dolomites only from the Mississipl;ian Burlington

Formation of Iowa (Reeder arm Prosky, 1986). Systematic trace and major clement

differences occur between synchronously precipitated noncquNalent growth scott)rs in

individual rhombs bascd on electron microprobe analysis in the ESS l)epartment at Stony

Brook and with Synchrt)tron X-ray Flourcsence Micro-Analysis (SXRFMA) al lhc National

Synchrotrorl Light Source facilities at Brookhaven National I.aboratorics. These results have
been submitted for puMicati(m (IRmkc and Rccdcr, submitted)

IV.rikOswald, who is prcsently working li_r I:.XXON, will dcfclld his Ph.l). tllcsis in

June, 1992. l tis study is ()ii d¢)lomitizatit_n in Miocene reef complexes, M;ilk)rca, Spain. l lc

has developed a model fearmassive dolomitization by evaporitic Mcssinian Meditcrralacan

seawater, that promises to bc widely al)plicablc. A paper describing geochcnlical m_dclling ¢_1
the evolution of this dolomitizing lluM has bec'n reviewed and is being revised (Osw_lld and

Schoonen, submiltcd).

Bcatrix Packm()or is prel)aring her proposal for her Ph.I). thesis which ixa
c¢_ntiiluation of the studies ¢_n&)l¢_mitization in Miocene reefs. She will I_wus on a rccf

c(_rnplex in souihcrn m,tinl,tnd Spain. The ,coal t)I this will bc t(_compare lhc age, strali._ral)hy,

and d(_lomitizalion history with thal ¢)n Malic)rea tc_tcsl lhc acncra] apl_licat_ility (_t"the "Oswald

m¢Mcl" to lalc Miocci_c reels of Spain.

Bibck (;bosh finished his M.S. thesis in Augusl. 199t ¢_nlhc di_lgcncsis _1 clinc_ids il_
lhc I3urline,l()n-Kc(_kt_k l:_rm:,lic)n. (Mn_ids c_mlain lhc ¢arlics! ccillcills, _tllt]Sll('_W t'(lllSiSl(,.'llI

rcgi_mal x,ari:_tit_nsin stable is_l(_l-_Csc_lnp{_siti(_ns, t tis stud\' [(_cuscd _n the rc,,._,,k_n:_l
distribuli¢_n of lhc mic1_d(_l(_n_ilc contents (_1vrim_ids, ltlld thcir ll;.lcc clement c_ntcnts.

F;rucc \VaM will ct)replete his Ph.l). thesis lhis SUlnmC_¢)n rcgiCmal limcst¢_nc

diagenesis and dt}lonlilizi_lio_l (_1"I)c\,{.)niail rccf ce)mp!ox CltIb(?HlaICS, Nal)icr IZangc, ("arming

Basin, Western Australia. l tis \vt_rk has added sigi_il,cantl\, to lhc undclStandino_ (_1t)l_tl'(_rm
cv()lution, calcite celllenl;Jti(_ll iii mctct_ric ;,illd nlari"_c en\'ironmci-_ts, and I(_ d¢_l()mitizAti¢_n.



, Fluid inclusion studies by Ann Cox in the Burlington-Keokuk dolomites has shown that
most (about 3/4) of the fl_id inclusions in Dolomite I are single phase, and therefore are likely
to be unaltered primary inclusions. The fluid inclusion's are dominantly more saline than

seawater suggesting that hypersaline (cvaporitic?) fluids not mixing-zone fluids are responsible
lhr tlm formation _,_fDolomite I. This work is continuing with additional studies _f Dolomites I
and II.
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The pl:trl,.¢f()r lhc c()lniilg year arc csscnii:illy as prcscnlcd in lhc l)rCll)_)salsul_zilittcd iii

January, 199(i and as modified in the revised budget in April, 19{)(}.\Vc estimate thai lhcrc will
bcn() unspent funds.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Governmentnor any agency thereof, norany of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi.
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
enee herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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