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Abstract

The mineral dolornite and the uncertainties surrounding its origin have attracted the attention of

earth scientists for over a centur,y. The core of the clolomite "problem" is the apparent paradox posed

by the paucity of dolomite irr modern riarine depositional environrnents versus its reiative abundance

irr thc seclimentary rock record. Soiving this problem requires knowledge of the conditions under

whic:h thc mineral fcirms, and the ratc of precipitation undcr those conditions. However, direct

oltscrvation of modern dolornite formation is comnrorrly possible orrly irr marginal or nonrtrarine

settirrgs that differ substantialll' frorn the rnarine environrnents represerrted in ancient sedimentary

<lolorniti<: rocks. Alt,hougli the laboratory study of clcilornite has yielded a largc body of knowledge

conr:erning its high ternperature pirase relatiorrs and r:rystal chemistry, very few data are available

that qriantify its precipitati<in ratr: as a fun<:tion of furrdanrcntal <xrntrols such as tempera,ture anci

solution conrpositicln.

As a, working hypot,hesis, it is suggested that the prccipitation rate of rlolornitc tnay bc quantifiecl

nnd rnoclelecl in a rnarrner sirnilar to other carbonate rnirrerals, through applicaticlrr of a rate iau, tltat

rerl lresents thc ratc as a sirnple furrction clf saturaticxr irrrlcx.

r : k ( Q - 1 ) "

This hypothesis is tersted in a series of expcriments by measuring the steady state rate of clolornite

precipitation in a dolomitc-sereded flow reactor through anaiysis of reacted fluid chemistry. By

r,arving ternperature from approximately 100 to 200"C and saturation index (0) frorn near saturation

to - 100. sufficient data were collected to solve for the reaction order and Arrhenius rate constant

of this rate law.

The dolomite produced irr these experiments was variabie in composition but tvpically a calcium-

rich protodolomite, forming syntaxial overgrowths on the seed material. At the highest supersat-
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urations obtained, formation of distinct nucleation centers was observed. These experiments do

confirm a strong temperature dependence for the precipitation reaction (activation energy ea : 31.9

kcal nrol-l) and moderate dependency on saturation index (n:2.26). These dependencies imply

that long terrn variation in seawater temperature arrd saturation state, driven by pCO2 and bulk

seawater chemistry, may have brought about significant changes in the rate of dolomite formation

courparcd to cornpeting carbonate rninerai phases. These changes would in turn be reflected in the

distribution of dokrmite vcrsus calcite in the rock record, suggesting a possible resolution of thc

dolornitc "problern" irr terms of long turm <:limatic transitions.

This hypothesis is erxplored by application of the rnorlel rate law to the p:rst 100 Ma of earth

history. using thc BLAG rriodel to <:onstrain tcmpcraturc. and bulk sca.,l,'ater conrposition, and rnass-

ager rlata for calcite and dolornite. Whcrr normalizecl to their prr:sent-riay values over this 100 Ma

interval, thc ratio of prer:ipitatiorr rates for cal<:ite versus clolornit,e correlates well with their rnass-age

ratios. These results srrggcst that a significant extent of the post-Cretaceous decrease in dolornite

allurrclarrce is duel to the reductiorr in tectonically-driven terrestrial weathering ancl metamorphic-

volcarric COz fluxes, and their atterrdant fclrcing of temperature and seawater composition.


