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Mineralogical processes taking place close to equilibrium, or with
very slow kinetics, are difficult to quantify precisely. The determi-
nation of ultraslow dissolution/precipitation rates would reveal
characteristic timing associated with these processes that are
important at geological scale. We have designed an advanced
high-resolutionwhite-beam phase-shift interferometry microscope
to measure growth rates of crystals at very low supersaturation
values. To test this technique, we have selected the giant gypsum
crystals of Naica ore mines in Chihuahua, Mexico, a challenging
subject in mineral formation. They are thought to form by a
self-feeding mechanism driven by solution-mediated anhydrite-
gypsum phase transition, and therefore they must be the result
of an extremely slow crystallization process close to equilibrium.
To calculate the formation time of these crystals we havemeasured
the growth rates of the f010g face of gypsum growing from cur-
rent Naica waters at different temperatures. The slowest measur-
able growth rate was found at 55 °C, 1.4� 0.2 × 10−5 nm∕s, the
slowest directly measured normal growth rate for any crystal
growth process. At higher temperatures, growth rates increase
exponentially because of decreasing gypsum solubility and higher
kinetic coefficient. At 50 °C neither growth nor dissolution was
observed indicating that growth of giant crystals of gypsum
occurred at Naica between 58 °C (gypsum/anhydrite transition
temperature) and the current temperature of Naica waters, con-
firming formation temperatures determined from fluid inclusion
studies. Our results demonstrate the usefulness of applying
advanced optical techniques in laboratory experiments to gain a
better understanding of crystal growth processes occurring at a
geological timescale.

phase shifting interferometry ∣ mineral growth

During the last decade, the field of mineral growth has experi-
enced important advances in analytical instrumentation (1).

The development of state-of-the-art methods for nanometric
observation, such as high-resolution atomic force microscopy (2),
or advanced optical microscopy techniques like laser confocal
differential interference contrast microscopy (3) and phase-shift
interferometry (4, 5), have allowed the study at nanoscopic levels
of the different growth mechanisms exhibited by crystals, empha-
sizing the direct relation between the morphology and the growth
processes taking place on each crystal face. For example, the
application of in situ nanoscale observation of calcite crystal
growth in the lab have revealed the microscopic causes of the
large morphological variety exhibited by natural occurring calcite
crystals (6–8). These, and other works (9–11) have demonstrated
the power of laboratory crystal growth studies for sharpening the
picture of crystallization occurring in nature.

Recently, a very striking crystal growth problem in earth
sciences has emerged: the existence of giant crystals of gypsum
(CaSO4:2H2O), in particular those found in the range of Naica,
Mexico (12, 13). Large gypsum crystals were discovered in the
Naica underground mining complex almost a century ago (14),
but new cavities such as the now famous Cave of Crystals were
recently unveiled, hosting by far the largest gypsum crystals of
the world. Giant gypsum crystals have also been discovered at the
El Teniente copper mine in Chile (15) and Pulpi and Saelices in
Spain (16, 17). These geological scenarios are very singular due to

the size (up to 11-m long and 1-m thick), euhedral shape and
high transparency of these gypsum crystals. Besides their over-
whelming beauty, the giant crystals of Naica are also a challenging
scientific problem for crystal growers, mineralogists, and geolo-
gists because the processes accounting for the formation of these
crystals must be the result of very specific crystallization condi-
tions. Geochemical evidence shows that close-to-equilibrium
dissolution of anhydrite (CaSO4) and crystallization of gypsum
can explain the origin of these enormous crystals (12). This crys-
tallization process is driven by the very slow cooling down of the
Naica range and implies that growth took place over an extended
time period (although the order of magnitude is not yet known)
and in a very narrow temperature (between current water tem-
perature, 50–54 °C, and 58 °C) and supersaturation (SI ≤ 0.05,
where SI is the saturation index) range (12). Because of their
formation timescale these large crystals cannot be reproduced
in the laboratory. In addition, the low supersaturation water
solution from which they grew makes it very difficult to measure
with conventional microscopy the actual growth rates at which
they formed. However, it has been shown that white-beam
phase-shifting interferometry (PSI) makes it possible to measure
very low dissolution rates, in the order of 10−5 nm∕s4;5;18, thus
allowing the study of dissolution kinetic processes at geological
timescale. Hence, we faced the possibility to further develop this
advanced optical technology and apply it to the measurement
of the ultraslow crystal growth rates expected for the giant gyp-
sum crystals of Naica.

Results and Discussion
Measuring Gypsum Normal Growth Rates at Different Temperatures.
The proposed mechanism for the formation of Naica mega-
crystals implies that the driving force for crystallization had to
remain relatively constant over time: If supersaturation increased
significantly many more crystals would have nucleated and if
supersaturation dropped significantly then growth would have
simply stopped. Hence, supersaturation values should be consid-
ered nearly constant over time and extremely close to equilibrium
(see Materials and Methods) leaving temperature as the most
relevant variable present in the Naica mineralogical scenario.
Thus, to understand the growth dynamics of giant crystals at
Naica, the surface reactivity of gypsum in contact with Naica
waters needs to be studied at different temperatures. First, a ser-
ies of experiments were undertaken to test the influence of
temperature on our ability to observe growth of gypsum crystals
from Naica waters nearly in equilibrium with gypsum using high-
resolution white-beam PSI (seeMaterials and Methods and SI Text
for details).
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At 25 °C two solutions were tested, Naica-01 and 08, which
at 25 °C are slightly under- and supersaturated, respectively (SI ≈
−0.01 and 0.01, see Materials and Methods). During 1,341 min of
in situ observation no reaction of the crystal surface was detected
and it was not possible to discern if growth (or dissolution) of the
gypsum crystal occurred (Fig. S1). This lack of reactivity can be
understood in terms of growth kinetics, due to the high activation
barrier [70.7� 5.0 kJ∕mol (18)] for incorporation of molecules in
the f010g face, at 20 °C the step kinetic coefficient of the f010g
face of gypsum is only 5.1 × 10−3 cm∕s (19), and in the case of a
pure solution (CaSOA4 dissolved in H2O) with a supersaturation
index of 0.01 a step velocity of <0.03 nm∕s is expected (19). Tak-
ing into account that the lateral resolution limit of the PSI system
is theoretically ≈1.3 μm, although in a practical sense this resolu-
tion limit is more likely around 3 μm due to intrinsic noise in the
PSI images, more than 1,500 min of observation would be neces-
sary to unmistakably discern any step movement.

Because growth kinetics of gypsum increases exponentially
with temperature (18) the next step was to observe the reactivity
of a gypsum crystal surface in contact with Naica water at a higher
temperature. When using Naica solution, Naica-13 at 60 °C, it
was observed how an etch pit, previously formed on the gypsum
sample, slowly closed (bunched steps advanced in the slow direc-
tion at ≈0.25 nm∕s, Fig. 1). This experimental result proves that
the specially designed white-beam PSI setup is capable of detect-
ing growth on a gypsum surface in contact with Naica waters at

higher temperatures. Additionally, from bright-field images
(achieved by blocking the reference beam of the PSI setup), rapid
moving steps (>1 nm∕s) were observed on a gypsum surface
growing from Naica-08 solution at 80 °C, confirming the increase
in kinetic coefficient experienced by gypsum at higher tempera-
tures [solubility of gypsum is similar at 25 and 80 °C (Fig. S2)].

As mentioned before, Naica crystal growth is controlled by a
dissolution-crystallization mediated phase transition of anhydrite
to gypsum (12), thus the maximum possible growth temperature
of a gypsum crystal is determined by the intersection of the anhy-
drite solubility and the gypsum solubility (Fig. S2). Once the an-
hydrite solubility becomes higher than that of gypsum, the growth
of gypsum will be favored over that of anhydrite. At atmospheric
pressure, this intersection has been experimentally determined to
occur around 58 °C (20, 21), below this temperature, anhydrite is
more soluble than gypsum and vice versa. Taking into account
that the highest gypsum solubility is around 45 °C (20, 21) and
the most likely temperature interval for crystal growth at Naica
obtained from fluid inclusions measurements (12) we decided to
do long-term in situ PSI observations at 45, 50, 55, and 60 °C, to
establish the range of growth rates of gypsum crystals at the Naica
conditions. To improve the stability of long-term measurements
we employed phase correction for every set of sequential inter-
ferograms by using a dilute layer of gold nanoparticles attached to
the gypsum surface (see Materials and Methods for more details).
The differences in height in each frame, Δz, are calculated by
using the following equation (SI Text):

Δzx;y ¼
λ532
2 · n

·
ΔIx;y
255

; [1]

where ΔIx;y is the relative contrast value of the interferogram
of the sample to the value of the interferogram of the reference
surface, λ532 is the wavelength and n is the refractive index of the
solution (nNaica ¼ 1.3336). When Δz is determined as a function
of time the normal growth rate is obtained.

In Fig. 2 an overview is shown of a longtime measurement
(685 min) of the normal growth of a gypsum crystal in contact
with solution Naica-08 at 60 °C. In the phase-shifting image of
Fig. 2A a flat area can be distinguished in the upper right part;
this area is surrounded by slopes at both sides. This surface pro-
file represents the typical hills and valley topography found on the
f010g face of growing gypsum crystals (18). Normal growth will
take place mainly on the flat areas due to heterogeneous and
homogeneous 2-D nucleation (18, see SI Text for details), in
the meanwhile slopes will expand laterally perpendicular to the
[001] direction (although 2-D nucleation on very small flat areas
of a slope is also possible). Thus to correctly determine the nor-
mal growth rate of a f010g face of gypsum the advancement of
such a flat area should be measured. This normal growth rate is
achieved by collecting a series of interferograms at regular time
intervals (every 63 s) and constructing a time-space picture
(Fig. S3B) along line a-b (Fig. 2A), from which the normal growth
rate is directly determined by plotting the height at a given point
Eq. 1 against the corresponding time (Fig. 2B). Although a sig-
nificant amount of scattering due to external mechanical vibra-
tions is present after applying a simple moving average filter
(SI Text), data quality is good enough to give an acceptable linear
fit which leads to a normal growth rate of R ¼ 3.5� 0.5×
10−04 nm∕s.

The next temperature at which we observed the surface reac-
tivity was 55 °C. A schematic overview of the experimental results
is shown in Fig. 3 and Fig. S3. Although the surface reactivity is
significantly lower than at 60 °C it is still possible to obtain a
meaningful measurement of the normal growth rate from long-
term (2,000 min) in situ observation. The growth rate can be
determined in two different regions on the surface: (i) on the
slope of the 2-D growth hillocks present on the f010g face, and
(ii) on top of the 2-D hillocks. From the first location we can

Fig. 1. PSI analysis of the reactivity of a f010g face of gypsum in contact with
Naica water sample Naica-13 at 60 °C. (A) Phase-shift image of a f010g face of
gypsum showing several etch pits at the start of an experimental run, t ¼ 0.
White arrows indicate step fronts of two etch pits. (B) Phase-shift image of
the same face showing the etch pits at the end the experimental run,
t ¼ 200 min. White arrows indicate the same step fronts of the two etch pits
shown in image A. (C) Time-space plot along line x-y. The black vertical line
represents time and the white arrows indicate the step front of one of the
etch pits.
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deduce unambiguously that the surface is growing because the
slope of the 2-D hillock is spreading laterally (Fig. 3B). But the
normal growth rate obtained from this location on the surface
cannot be considered as the actual rate at which the surface is
growing because slopes mainly expand laterally (perpendicular
to the [001] direction) and thus the increment in height (at fixed
point on the surface) is the result of the lateral movement of the
slope (Fig. S4). As mentioned before, the actual normal growth
rate of the surface needs to be determined at the top of the 2-D
hillock. In Fig. 3C such a measurement is shown.When applying a
linear fit to the simple moving average data the normal growth
rate at 55 °C, for solution Naica-08, is found to lie in the range of
1.0 × 10−5 nm∕s to 2.2 × 10−5 nm∕s with a 95% confidence. To
reduce this interval of confidence it would be necessary to extend
the measurements for a period of up to 8 or 9 d under stable
conditions, a nontrivial task. Taking into account that these data
relate to processes on a geologic timescale a precision of one
order of magnitude is quite justified in our results.

At 50 °C no movement of (bunched) steps (see Fig. S5, black
arrow) was observed during an experiment of long duration

Fig. 2. PSI measurement of the normal growth rate of a f010g face of gyp-
sum in contact with water sample Naica-08 at 60 °C. (A) Phase-shift image
(200 × 150 μm) of a f010g face of gypsum at the start of an experimental
run, t ¼ 0. White circles indicate gold nanoparticles attached to the gypsum
surface. These particles are used as reference surfaces to cancel disturbance
caused by drift and distortion of the observation cell. (B) Height-space plot
along line x-y of Fig. S3B. Inset graphic shows untreated height (rough) data.
The standard errors of the height measurements are ≤0.8 nm and, in all
cases, are smaller than the symbols. Before applying a linear fit outliers were
eliminated and a simple moving average filter was applied to reduce short
time fluctuations. Gray error bars represent the standard deviation of the
simple moving average (SMA) data points.

Fig. 3. PSI measurement of the normal growth rate of a f010g face of gyp-
sum in contact with water sample Naica-08 at 55 °C. (A) Phase-shift image
(200 × 150 μm) of a f010g face of gypsum at the start of an experimental
run, t ¼ 0. White circles indicate gold particles attached to the gypsum sur-
face. These particles are used as reference surfaces to cancel any disturbance
by drift and distortion of the observation cell. (B) Height-space plot along
the line x’-y’ of Fig. S3D. (C) Height-space plot along the line x’-y’ of Fig. S3D.
Inset shows untreated height (rough) data. The standard errors are below
0.8 nm and, in all cases, smaller than the symbols. Before applying a linear
fit outliers were eliminated and a simple moving average filter was applied
to reduce short time fluctuations. Gray error bars represent the standard
deviation of the simple moving average (SMA) data points.
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(2,000 min), indicating that growth (or dissolution) occurs at
extremely low rates (R < 1 × 10−5 nm∕s) and are not detectable
by our experimental technique in a time span of 1 d. Even after
image treatment (SI Text, Fig. S6) to improve the quality of the
interferograms no reliable data of the kinetic process could be
obtained (R ¼ −8.4� 6.1 × 10−6 nm∕s). Taking into account that
growth kinetics at this temperature are high enough to detect
growth or dissolution in a reasonable amount of time (<24 h),
we consider that a gypsum crystal will be in equilibrium with cur-
rent Naica waters around 50 °C. Additionally, evidence of disso-
lution of the f010g face in contact with water sample Naica-08
was found at 45 °C (during an experimental run of 20 h the open-
ing of an etch pit on the f010g face was observed). Currently we
are precisely determining the dissolution temperature interval for
gypsum in Naica waters with laser confocal differential interfer-
ence contrast microscopy (3, 22).

Although growth of gypsum crystals above 60 °C in the Naica
caves is very unlikely, normal growth rates were also measured at:
65, 70, 80, and 90 °C because additional measurements should
allow a better fit of the growth rates in the temperature range
of interest (50–60 °C, see next section). Results of the measure-
ment of normal growth rate as a function of temperature are
shown in Fig. 4.

Above 60 °C gypsum solubility decreases almost linearly with
temperature and the kinetic coefficient increases exponentially
with temperature, hence, at higher temperatures growth rates
of the f010g face increase significantly and only a couple hours

are necessary to measure growth rates at 80 and 90 °C. On the
other hand, these fast growth rates can significantly disturb the
position of the gold particles on the crystal face and reduce/cancel
the effectiveness of these reference surfaces for eliminating noise
during the measurements. This reduced effectiveness of the re-
ference surfaces is reflected in the large error bars, shown in
Fig. 4B, for the growth rates at 80 and 90 °C.

Estimation of the Growth Rates in the Temperature Range 55–60 °C.
Homogenization temperatures of fluid inclusions measured in
slices of giant gypsum crystals collected at Naica (Cave of Crys-
tals) yields that they formed in a narrow temperature interval
around 54.5 °C (12). Therefore, as the crossover of solubilities
of gypsum and anhydrite occurs at ≈58 °C, the range of tempera-
tures at which these giant crystals of gypsum may occur is con-
strained to be from 54 to 58 °C. The experimentally obtained
values for normal growth rates in the range of 55 to 90 °C can
be used to estimate growth rates at temperatures between 54–
58 °C. To improve the fitting process the experimentally obtained
growth rates are represented in a logarithmic scale. Plotting
growth rate values as a function of temperature, two distinct
regimes showing different linear dependency on temperature can
be distinguished: a low temperature (55–65 °C) and a high tem-
perature (70–90 °C) regime (Fig. 4B). These two regimes are
most likely the result of a change in growth mechanism (e.g., from
layer-by-layer growth to multilayer growth, either by monolayer
islands or multilayer islands or both) with temperature. Because
of the existence of these two distinct regimes only experimentally
obtained normal growth rates at 55, 60, and 65 °C can be used for
estimating growth rates in the 54–58 °C interval (Table 1). Once
normal growth rates of the f010g face are known at each specific
temperature the growth time of each giant gypsum crystal can be
estimated by taking into account their thickness, because [010] is
the only growth direction that will determine the crystal beam
thickness (Fig. 4A). For example, if we consider that the diameter
of the crystal beam shown in Fig. 4A is approximately 35 cm and
if the growth temperature was 57 °C, then the growth time of
this crystal should be ≈100;000 y.

Because of the probabilistic nature of nucleation, gypsum crys-
tals have nucleated at different times during the cooling process
from 58 °C to current temperature at Naica. Such behavior is even
further accentuated because of the very low and almost constant
supersaturation values of the waters of Naica. Hence, crystals
found today in the caves of Naica were forming at different tem-
peratures in the range between 58 °C and current day water tem-
peratures, which is one of the reasons why they have different
size. This nucleation of crystals at different times implies that
the residence time for crystals to form at a given temperature also
varies depending on when a crystal nucleated. Therefore it is
not possible to offer a general age for all these crystals. However,
our measurements indicate that a gypsum crystal beam of 1-m in

Fig. 4. (A) Typical example of a gypsum viga found in the Naica caves. The
black arrow indicates the normal growth direction of the f010g face. (B)
Logarithmic representation of normal growth rates as a function of super-
saturation measured with PSI and a flow cell using Naica waters. Two distinct
regimes can be distinguished, both having a linear correlation. The upper
limit of a 95% confidence interval of the data point at 50 °C is also shown
(this data point was not used for fitting).

Table 1. Normal growth rates for the temperature interval 55–60 °C
obtained from fitting experimental determined growth rates at
55, 60, and 65 °C

Temperature
(°C)

Normal growth rate
(nm/s)

Age 1-m thick crystal
beam (Ma)

Fitted Experimental

50 1.6 × 10−6 ≤3.7 × 10−6

54 1.2 × 10−5 1.3
55 (2.1 × 10−5) 1.6� 0.3 × 10−5 (0.77) 0.99 ± 0.26
56 3.5 × 10−5 0.50
57 5.8 × 10−5 0.30
58 9.6 × 10−5 0.18
59 1.6 × 10−4 0.10
60 (2.7 × 10−4) 3.5� 0.5 × 10−4 (0.06) 0.05 ± 0.01

Errors are standard deviations (SD) obtained from fitting
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diameter formed at 55 °C from a solution with the same com-
position as current Naica waters, should have been growing
for 0.99� 0.27 millionyears. The same crystal growing at 56 °C
should have formed over the course of half a million year
(Table 1). A detailed fluid inclusions study of the growth tem-
perature across the crystal will provide more precise growth
times—and therefore ages—in the future.

This method for determining the age of a crystal might
seem very awkward as compared with absolute dating techniques.
However, the determination of the age of crystals at Naica has
been technically limited by the applicability of isotope dating
techniques due to the high purity of gypsum crystals at Naica
[only parts per billion (ppb) or sub-ppb level of U are found
in the crystals] (19, 23). Hence, obtaining the growth rates at
different temperatures is a valuable alternative to determine the
growth age of these giant crystals and, for the moment, the most
precise one.

Concluding Remarks
Advanced white-beam phase-shifting interference microscopy
enabled the measurement of the growth rate of giant gypsum
crystals of the Cave of Crystals in Naica from current natural
waters in the mine, i.e., the growth rate at which these crystals
were actually growing before the draining of the cave in 1975.
These values are the slowest, directly measured, normal growth
rates reported ever for a natural crystal growth process. Our mea-
surements (down to the order of 10−5 nm∕s) demonstrate that
PSI microcopy is very useful to survey the growth and dissolution
topography of minerals in natural solutions with very slow
kinetics, thus allowing us to experimentally address in the labora-
tory, crystal growth processes occurring in nature on geological
timescales.

Materials and Methods
In Situ Observation of Gypsum Growth from Natural Solutions. High-resolution
PSI (4,5,24), was used to measure normal growth rates of freshly cleaved
gypsum crystals in contact with natural solutions collected at the Naica mine
in Mexico over a range of temperatures. The PSI method is 100 times more
sensitive in the vertical scale than conventional interferometry and real-time
nanoscale resolution in the vertical plane is achieved (25). The PSI used in
this work was developed using a white-beam light source and modified
Linnik-type interference optics. A schematic diagram of this setup is shown
in Fig. 5A (see SI Text for a detailed description of the working principle).

When growth/dissolution takes place at ultraslow rates (∼1 μm∕y)
long-term measurements which exceed the statistical error are required to
detect the net retreat/advancement. This type of interferometric measure-
ment is very sensitive to disturbance from stage vibration, cell distortion,
or variations in ambient conditions (e.g., temperature and air draft), which
cannot be ignored during a long-term measurement of an ultraslow process.
To cancel these external disturbances in the observation area every inter-
ferogram is referenced to the first value of the reference surface. Gold
nanoparticles attached to the gypsum surface were used as insoluble refer-
ence surfaces. Previous works, focusing on ultraslow dissolution rates, have
demonstrated that this reference surface method can support long-term in
situ PSI measurement with sufficient precision (4, 24). To improve data quality
a simple moving average filter (see SI Text) was applied to the experimentally
obtained data.

A second requirement for long-term crystal growth experiments is a
constant supply of solute. To achieve these long-term growth experiments,
a titanium flow through cell connected to an HPLC pump with 1∕16″ PEEK
capillaries was used (Fig. 5 B and C). A constant volume flow rate of
0.04 mL∕min was applied. Assuming a fluid depth of 1.0 mm at the crystal
holder in the center of the cell, the estimated linear flow velocity over the
specimen is approximately 100 μm∕s. A thermo-controlled block build around
the titanium cell was used to change the experimental temperatures from
25 to 90 °C. To avoid the appearance of air bubbles in the flow cell at high
temperatures (>45 °C) a constant pressure of 0.8 MPa was applied during all
experiments. This small increase in pressure does not significantly affect the
solubility of gypsum (26), but was enough to avoid, as much as possible, the
presence of air bubbles in the flow cell.

Crystal Samples. Specimens of gypsum were prepared by cleaving small
samples (≈3 × 3 mm) from very pure selenite macrocrystals collected from
the Naica mine. After cleaving a gypsum sample parallel to the f010g face
a dilute layer of gold nanoparticles were attached to the crystal surface
by adding a small water drop of Milli-Q water (18.2 MΩ) containing gold
particles. Once the gold particles are deposited onto the cleaved gypsum
surface the ultrapure water was slowly removed and the sample was immo-
bilized on a Ti holder with black silicone glue and placed inside of the flow
cell (Fig. 5C).

Before starting any in situ observation experiment, Milli-Q water was
flowed over each gypsum sample to clean the surface and reactivate the
growth sites because the mineral surface can be contaminated by the
presence of very small amounts of less soluble salts (27). This precipitate
can block the active growth sites (i.e., kinks) of the crystal surface under
observation. To overcome this growth blocking relatively large supersatura-
tions or very long waiting times are necessary. Dissolving the surface slightly
before starting any in situ measurement avoids this problem.

To test our experimental setup, a first run was done at room temperature
(22.5 °C) using Milli-Q water. The dissolution process taking place on the
f010g face of a gypsum crystal could be clearly observed with the PSI
setup (Movie S1). The expansion of etch pits is visualized from consecutive
phase-shift interferograms.

Fig. 5. Schematic representation of the PSI system used for in situ measure-
ment of ultraslow growth processes. (A) Optics of the PSI and the solution
path and (B and C) design of the titanium flow cell. (B, top view; C, side view).

Table 2. Description of the water samples extracted from the Naica
mine used in the growth experiments

Localization Name T (°C) pH

XCO. 4544-NW Naica-01 54 7.6
XCO. 5161-NE Naica-03 50 7.6
XCO. 77 Naica-08 54 7.4
Rebaje Cincuentenario Naica-13 53 7.6
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Speciation of the Water Samples from Naica. A total of 14 water samples were
collected at different locations in the Naica mining complex. During sample
collection water temperatures and pH values were measured in situ. The
chemical speciation of the solutions (Table 2) was precisely determined by
inductively coupled plasma optical emission spectrometry and inductively
coupled plasma mass spectrometry (for detailed information see Table S1
and Table S2). The chemical composition of these waters samples shows
no significant variation with the sample location. Therefore only four

samples (Table 2) were selected to perform in situ measurements of growth
rates. When comparing the concentration of the main chemical components
(S, Ca, Mg, and Na) of these four locations with previously published analysis
of water samples of Naica no significant concentration differences are
appreciated (all variations are inside of the experimental error of the induc-
tively coupled plasma (ICP) technique (<5% between samples and <10%
between laboratories, Fig. S7).

Saturation Index of the Naica Waters. The PHREEQC program (28) was
used to calculate the SI (SI ¼ logðIAP∕KspÞ) of all solutions at different
temperatures (Fig. 6). But, taking into account the experimental error of
the ICP analysis, and considering that the possible influences of many minor
elements (F, Mn, Zn, Sr, B, Li, etc.) on gypsum solubility have not been
precisely determined yet, we are confronted with an unusual situation: It
is not possible to determine, unambiguously, when a solution is super- or
undersaturated in the temperature range 25–90 °C. Hence, Naica waters
are so close to equilibrium with respect to gypsum that supersaturation
(and/or undersaturation) variations, as a function of temperature, are inside
of the experimental error. Thus, the only way to actually know if for a given
temperature the Naica waters are supersaturated (or undersaturated) with
respect to gypsum is to observe whether a crystal in contact with
a Naica water sample is growing or dissolving.
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