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PURPOSE: Any mineral-water reaction occurs as series of steps
that can be described as follows: a) the reactants, for example
hydrogen ions, migrate to the mineral surfaces, b) the reaction
occurs, c) dissolved products must move away from the surface for
the reaction to continue. The slowest of these steps will be the
rate~-limiting step in the reaction. For example, the weathering.
of silicate minerals can be either a) transport-limited, in which
the rate of removal of materials from the mineral surface limits
the rate of the reactions or b) interface-limited, in which the
. rate of the reaction is controled by geochemical processes at the
surfaces of the grains (Berner, 1980). A

PROCEDURE oL ,
1.- "Place a halite’ crystal on -a glass slide, pick the most cubic

specimens for study.

2. Measure the length of a mineral face.

3. Place a drop of water on the" halite crystal. Begdin timing
the experiment when the drop hits the crystal.:- Continuously
measure, at timed intervals, the size of the salt crystals.

4. While the halite crystal is.dissolving, time, observe and draw
the changes in the morphology of the mineral grains.

5. Repeat the experiment at least 4 times at room temperature.

6. If possihle, repeat with different experimental parameters;
e‘g. larger crystals, hot water, etc. - :

DATA AN!LYSIS )

~~. - One way to- understard a process 1s to compare experimental
data with -theoretical predictions. These comparisons tell us
whether our theories are complete or whether they need revision.
Berner (1980, p. 98) presents a theory to describe the rate of
diffusion-controlled dissolution or growth of a spherical crystal:

DV (C, - C“),
6t
where r = crystal radius, t = time, D = diffusion coefficient, vV =
molar volume of halite, C, is the concentration of the ions being
put into solution at an infinite distance from the mineral surface,
C“ 1s the concentration of the ions at equilibrium.

.How can we-use this equation° First we must 1ntegrate between the
limits of r and time. r = r, at time = 0; r = 0 at t = t,, when the

-
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the integration: ,°~x_t

~1/2

t,

Use the following‘values (from CRC handbook): D=1.55x 10-5
cw’/s. V = 27.02 cm’/mole, C, = 6.11 x 10-3 mole/cm’. Assume that
the Na and Cl concentrations in the water are = 0 initially.

Questions:

1. What is the time required for dissolution of each of your
halite grains? Plot your experimental data on a graph of grains
size versus dissolution tlme. A

2. On the same graph plot the theoretical time for dissolution of
the halite grains by using Berner's theory. In addition to the
grain sizes that- you actually measured, calculate theoretical
dissolution times for grains of other (unmeasured) radii to create
a plot of time versus initial radius (assume that the radius is
half of the length of a mineral face).

3;”“In Berner's rheory the grains were assumed to be cylindrical in
shape. Change the equations so they describe dissolution of cubic
grains... Plot.the theoretical equation for cubic grains on your
graph. :

4. Your observations on hal1te dissolution should also nge
~-insights into the process. Use your drawings to explain the
processes that you observed.

idm

a. tht changes did you observe in the morphology of the crystals.
Do. you see evidence . -supporting. transport-limited behavior- or
interface-limited behavior? Explain. ‘

b... Do edges, cracks or other sites on the surface enhance the
dissolution? i -

5. . Were -the gralns prlmarlly cublc or cylindrical as they

dissolved? - Uhlch theoret1cal equation should be used by
comparlson? P S o o .

Reference:

BernerugR,A.,EISBO, Early Diagenesis: A theoretical approach:
Princeton University Press, 241 p. oo
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- The following analyses are of the concentrations of water flowing into the
. Great Salt Lake, Utah (Spencer et al., 1985), Pyramid Lake, Nevada (Livingstone,
1963), and the ocean (Meybeck, 1979). All concentrations are in mg/L."

sgg?zies o Salt Lake Pyramid Lake . Ocean
ca .62 8.4 13.4

Mg 33 2.7 4.44

Na R (2 | L 43 . 3.56
aa o tim 2.2 3.09
s - T 107 1.0 7.82
Hcéz' M 288 48 o :;51.6, .
510, 15 16 | 10.4

. T UMW T -

. ~Convert ‘these data "fz.'bm'n'lé/'[. to molar concentrations:

 molarity = mg/L x 10,

formula weight

2.. Hardie and Eugster (1970) generalized the calculation of Garrels and
Mackenzie to determine what would happen if water was progressively evaporated.
You must make some assumptions: a) A constant Pco2 of 10-3.5 atm. and a
temperature of 25° C. b) That precipitation occurs when the water becomes
saturated with repsect of a solid phase and not redissolve, c) That there is no
reaction between the water and sediment, and that only CO2 and H20 can be lost
from the system.

Their 1970 model interprets the chemistry of waters in terms of a
succession of chemical divides. The first mineral to precipitate in almost all
natural waters is calcium carbonate. The path taken by the solution then depends
upon whether the calcium concentration (in equivalents) ig xeater or less than
carbonate alkalinity.

mCa'? + mHe+ = mHCO;- + 28C0;%- + wOH-

1f mH+ and mOH- are neglibible,




[image: image4.png]2mca+ = mHCO3- + 2mCO32- ¢
" For . exa-ple, if alkalinity is greater than calcium concentration, then
sepiolite will precipitate after calcite precipitation. (Path I). .
.2r' Using the_ﬂardie-Eugster diagram, describe the pathways of precipitation
for each of the three original concentrations of water.

3. Using the tables of composition of various lake and ocean waters provided
compare your predictions with the actual trends.

PART II: Evaporites and other Chemical precipitates

Look at the rock samples of evaporites, cherts, phosphate rocks, and other
predominately non-carbonate rocks. Thin sections are available for some of the

- samples.
Questions:

1. Which of these rocks were formed from inorganic precipitation, such as
precipitation during evaporation? What evidence or lack of evidence do you see
that supports a hypothesis of inorganic precipitation?

2. Look up the formula‘fo;mthe‘composition of the major minerals in each rock.
Taking in consideration the inorganic versus organic precipitation, conditions
required for precipitation of the mineral (and preservation in a depositional
environment), etc., write a description of the depositional conditions for each
rock. . o
b : .

3. Do any of these rocks have large amounts of clastic sedimentation as well as
chemical precipitation" Explain.

!

4. Phosphorites are rocks composed of varieties of apatite..: The apatite is
often nodular. some deposits are bedded, but the phosphorite occurs as pellets,
oolites, phosphatized brachiopods, etc. Look.at your specinen'of phosoporite.
Are the apatite’ minerals 1likely primary precipitates or are they secondary
alteration of other material? How can you tell?
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. Atomic Atomic . B Atomic Atomic

Element Symbol number weight * | Element - |- Symbol number | weight
Actinium Ac 8 | . ... | -Europium "~ Eu 63 | 151.96
Aluminum Al 13 26.98 Fermium Fm 100
Americium Am 95 Fluorine F 9 19.00
Antimony Sb 51 121.75° ;| Francium Fr 87
Argon Ar 18 39.95 Gadolinium T1° Gd 64 157.25
Arsenic As 33 . 74.92 Gallium - = Ga 31 69.72
Astatine At 85 Germanium Ge 32 72.59
Barjium - Ba 56 137.34 Gold Au- -9 196.97
Berkelium Bk 97 R -, Hafnium Hf 7 178.49
Beryllium Be 4 © 9,01 Helium . He 2 4.00
Bismiuth Bi- 83 -208.98 “Holmium Ho 67 164.93
_Boron B 5 | 1081 Hydrogen H 1 1.01
Bromine Br - 35 79.91 Indium In 49 114.82
Cadmium cd 48 112.30 -Iodine - I 53 126.90
Calcium Ca. 20 40.08 Iridium Ir 77 192.20
Califomium Cf 98 . Iron - - Fe 26 55.85
Carbon Cc 6 12.01 Krypton Kr 36 83.80
Cerium Ce 58 140.12 Lanthanum La 57 ] 138.91
Cesium Cs— 1~ 55 “1 132:90 Lead ~ = ~ Pb 82 207.19.
Chiorine Cl 17 35.45 Lithium Li. 3 6.94
Chromium Cr . 24 52.00 Lutetium Lu ! 174.97
Cobalt Co 27 58.93 Magnesium Mg 12 24.31
Copper Cu 29 63.54 Manganese Mn 25 54.94
Curium - Cm 96 Mendelevium Md 101
Dysprosium Dy 66 162.50
Einsteinium Es 99
Erbium 68
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[image: image9.png]TABLE 12 1 COMPOSITION OF SEAWATER (after Riley and Chester, 1871;
Wilson, 1975 Brewer, 1975; and other sources)

Major solutes and nutrients (mglkg)

“Chloride
Sodium -
Sulfate
Magnesium
Calcium
Potassium
Bicarbonate
~ Bromide

Minor solutes ( p.g/Lg)

- Lithium
Beryllium

~Aluminum
Scandium
Titanium -

" Vanadium
Chromium

" Manganese

Iron

Cobalt

Nickel -

Copper

Zinc

Gallium s aen

Germanium = - -

Arsenic

Selenium

Rubidium

Yttrium

19,350

10,760
2,710
1,290

411
399
142

67

180
6 % 107
2
6 x 1074
1
2 .

0.3
0.2
2
0.05
0.5
0.5
2
0.03
0.05
"
0.2

120

1 X 1073

Strontium

Boron

Fluoride

Silica

O,

NO,

PO,

Dissolved
organic carbon

Zirconium
Niobium
Molybdenum
Silver
Cadmium

. Tin

Antimony
Iodine
Cesium
Barium
Rare earths
Tungsten
Gold
Mercury

. Thallium

Lead
Bismuth
Radium
Uranium

60

8

4.5

13 °
0.5-10
0.1-6
0.005-2
0.001-0.05
0.3-2 (as C)

0.03
0.01

10
0.04
0.05
0.01"

0.2

0.4

10
1073 t0 1073
0.1

4 x 1073
0.03
0.01
0.03
0.02
1 x 1077
33




PAGE  
9

