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Abstract

Chert and other hard monomineralic quartz grains weather mostly by mechanical processes in modern environments. Their
clasts are overrepresented in conglomerates and sands relative to their sources regions. Conversely, macroscopic dissolution
features, including quartzite karst, are rare but not nonexistent. The similar rarity of quartz dissolution in Archean deposits
provides a paleothermometer for climate on the early Earth. For example, chert is overrepresented in conglomerates and
sands of the ~3.2 Ga Moodies Group (South Africa) relative to the source region. Features related to the far-from-equilibrium
dissolution rate are particularly diagnostic as it increases an order of magnitude over 25 °C, much more than solubility.
Extrapolating from observed dissolution rates in modern environments that weather at ~25 °C, we expect obvious dissolution
features in ancient climates above ~50 °C. Polycrystalline quartz and chert would readily disaggregate by solution along grain
boundaries, yielding silt and clay. Quartz grains within slowly weathering granite would become friable, yielding silt and
clay, rather than sand. At still higher temperatures, Al,Os-rich clays from weathered granite would stand above solution-
weathered chert on low-relief surfaces. The observed lack of these features is evidence that the Archean climate was not
especially hot.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Climate during the Archean Era (~3.8 to 2.5 Ga) is
relevant to the history of life on Earth. However, only
limited geological analysis bears on the topic. Oxygen-
isotope studies of cherts provide oceanic temperature
estimates for 3.5-3.2 Ga of 55-85 °C [1]. Evidence of
thorough weathering in the Archean, despite the absence
of vascular plants, has prompted temperature estimates
as high as 85 °C [2,3]. In addition, the limited rock record
shows that glaciation was uncommon in the Archean.
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See the work of Young et al. [4] for a possible exception
at 2.9 Ga.

Theoretical studies of Archean temperature model a
greenhouse atmosphere composed of carbon dioxide
and methane. The commonly cited upper limit, 85 °C,
is model dependent [5-8]. Conversely, reasonable
amounts of these gases do not necessarily imply tem-
peratures much higher than those of the modern tropics
or the Cretaceous Earth [8]. Limited direct estimates of
atmospheric CO, come from observations that siderite
is present in 3.2-Ga pebble weathering rinds [9] but is
absent from a 2.75-Ga paleosol [10] (Fig. 1).

In this paper, we suggest that the weathering beha-
vior of quartz in monomineralic quartzite and chert and
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Fig. 1. Stability diagram of siderite in terms of weathering tempera-
ture and the partial pressure of CO, from Rye et al. [10]. The typical
weathering temperature is ~10 K hotter than the global mean annual
temperature [24]. Our 3.2-Ga pebbles [9] weathered under conditions
on the upper left of the diagram while the paleosol of Rye et al. [10]
weathered at 2.75 Ga under conditions on the lower left. Both situa-
tions are consistent with clement Archean climate. The present (pre-
industrial) CO, pressure is ~300 X 10~ bar.

as grains in granitic rocks is a viable Archean
paleothermometer. The tendency on the modern Earth
for quartz to weather mechanically, unlike the dissolu-
tion weathering of carbonates, is notorious. “As unre-
lenting flint to drops of rain.” (Shakespeare, Titus
Andronicus, Act 11, Scene III). “He plies her hard;
and much rain wears the marble.” (Shakespeare, The
Third Part of King Henry the Sixth, Act 111, Scene II).
There is an urge to regard evidence of this difference on
the ancient Earth as unremarkable. Rather, quartz does
dissolve some in modern environments [11]. Its solu-
bility and dissolution rate of quartz are strong functions
of temperature. Quartz will dissolve and chemically
disaggregate readily in a sufficiently hot climate, as
has been suggested for the Archean. Instead, field
observations indicate that quartz in the Archean mostly
resisted chemical weathering, like it does under modern
clement conditions. Here, we quantify the effect using
solubility and kinetic data to extrapolate from the chem-
ical behavior of quartz observed in modern climates.

Because the Barberton sequence (like most
Mesoarchean sequences) is predominately syntectonic,
we restrict our attention to sediments derived during
periods of relatively slow exhumation, such that chem-
ical weathering could proceed. We eschew stratigraphic
levels dominated by highly immature sediments, like

the mechanically derived conglomerates or poorly frac-
tionated volcaniclastic deposits underlying the Moodies
Group.

2. Archean geological observations

Hessler studied well-preserved 3.2-Ga clastic sedi-
ments from Barberton Mountain Land for her thesis
[12]. We concentrate on Moodies Group rocks north of
the Inyoka Fault, which have been the subject of ex-
tensive geological work [13—17]. A striking feature of
these rocks is that the degree of weathering prior to
fluvial deposition is within the range of that observed at
the warm, humid end of the climate spectrum on the
modern Earth. This observation is elaborated below for
each sedimentary size fraction within the Moodies
Group. We cite other analogous localities from the
Mesoarchean and Neoarchean.

2.1. Conglomerate

The conglomerate data are straightforward (Fig. 2).
At the bottom of the section, interpreted to be alluvial
fan and braided river deposits [13,16], conglomerate
clasts are poorly sorted, spherical, mostly well rounded,
and have an average diameter of ~3 cm [9,12]. Chert
clasts of various colors dominate the pebble fraction of
the rock. The rounded clasts upon visual inspection do
not have embayments as expected from dissolution.
Although the conglomerates are locally variable, chert
clasts dominate across the study area (42—58%), despite
chert covering <2% of the source region. Other rocks
types that are expected to resist chemical weathering are
also overrepresented compared to the source region.
These include quartz-rich sandstone and sericite schist.
Quartz-poor sandstone, ultramafic and mafic volcanic
rocks, and shale are underrepresented. All the under-

Fig. 2. Drill core from the Sheba Gold mine in the Barberton area
shows the abundance of chert pebbles (marked C) in a 3.2-Ga
Moodies Group conglomerate. The red arrow points to a well-rounded
mechanically weathered clast. Fractures postdate deposition. U. S.
quarter (25 mm) gives scale.
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represented rock types, but shale (which is mechanical-
ly weak), are expected to weather chemically.

The predominance of chert where it occurs in the
source region and the mechanical weathering of its
cobbles seem to be a general characteristic of mid-
Archean sequences (Roger Buick personal communica-
tion, 2003). An example is 3.5-Ga deposits in Australia
[18].

2.2. Sandstone and shale

Abundant quartz sandstone in the basal 700-800 m
of the Moodies Group indicates a braided alluvial plain
[13,16]. Framework grains include abundant monocrys-
talline quartz (38-39%), potassium feldspar (9-15%),
chert (9-15%), and quartz—sericite lithic grains (6—
18%), depending on the location within the Barberton
Greenstone Belt. Less common framework grains in-
clude plagioclase, polycrystalline quartz, felsic and
mafic—ultramafic volcanics, lithic grains, and sedimen-
tary lithic grains. The modal composition plots in the
recycled orogen field of Dickinson and Suczek [19]
(Fig. 3). It is important to note that chert is overrepre-
sented in our sands relative to the source region, but to
a lesser degree than in the conglomerates.

Overall the degree of weathering is greater than that
observed in sands from modern rivers draining the

MAGMATIC
ARC

volcanic

F L

Fig. 3. Quartz—feldspar-lithic (QFL) ternary plot for Moodies Group
sandstone, north of the Inyoka Fault and from within the lower
alluvial and fluvial depositional facies. Data collected and compiled
by Chandler [11]. Quartz in this diagram includes chert. Most of the
points lie within the recycled origin tectonic province of Dickinson
and Suczek [19]. The low abundance of lithic fragments and feldspar,
despite their abundance in the source terrane [11], indicates significant
chemical weathering.

nearby Kaap Valley pluton (Fig. 3). Moodies sands
are less weathered than those generated in modern,
extremely humid environments: qualitatively between
the fluvial arkoses of the warm—temperate to subhumid
Mallacoota Basin [20] and the quartz—arenite sands
produced in the seasonally tropical Orinoco Basin,
Venezuela [21].

Most of the shale fraction appears to have bypassed
the exposed region of deposition. Enough shale exists,
however, to demonstrate that extensive chemical
weathering did occur. Al,O; ranges between 18 and
25 wt.%, above that in any reasonable source rock.
Conversely, detrital chert comprises less than 2% of
the shale material.

Although analogous data from sequences contempo-
raneous with the Moodies Group is lacking, extensive
chemical weathering is also a common feature of
Mesoarchean and Neoarchean sediments in the Cana-
dian Shield [2,3,22-24] and South Africa [25]. Sand-
stones in the ~2.6 Ga Beaulieu Formation [3] and the
~2.6 Keskarrah Formation [2] show intense chemical
weathering in a humid climate, which the authors in-
terpret as being as hot as 85 °C. These samples, how-
ever, are more quartz-rich than those in the Moodies
Group, plotting in the recycled orogen field of Dick-
inson and Suczek [19] at 62-90% [3] and 68-95% [2]
quartz. As is expected, plagioclase and potassium feld-
spar are underrepresented relative to the assumed
source region. Notably much of the quartz is polycrys-
talline, 85% and 56% of the grains, respectively, in the
composite average. Highly mature quartzites occur in
the ~2.80-Ga Central Slave Cover Group [24]. Howev-
er, many of these rocks have recrystallized and point
counts of quartz grain types are not available.

2.3. Weathering rinds and paleosols

There are no studied paleosols in our field locality,
although weathering rinds on pebbles do exist and serve
a similar purpose [9]. Rinds and broken rinds on felsic
sericitized and carbonated volcanic rocks indicate they
lingered long enough in transport for chemical alter-
ation to occur. This indicates that there was time for
chert pebbles to partly dissolve provided the streams
were undersaturated in quartz and the kinetics of dis-
solution were rapid. Chert pebbles in the Moodies
Group do not exhibit dissolution features, such as
dog-tooth edge weathering or micro-karst indentations.

Outside of the Barberton Greenstone Belt, we know
of one relevant erosion-surface exposure in Australia
[18]. A chert bed appears to have been resistant to
erosion relative to adjacent granites and greenstones,
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overlain by a possible paleosol. The chert surface does
not show any evidence of dog-toothed or karst features
that would accompany rapid dissolution in extremely
hot conditions.

3. Modern geological analogs

The weathering of modern granitic rocks to quartz-
rich sand and clay-rich shale is well known. So is the
occurrence of some dissolution features in quartz [11].
Modern weathering occurs when reaction rates are
fastest, during the wet part of the year in seasonally
humid climates and during the warm part of the year in
temperate climates [26]. Modern weathering thus
occurs at ~25 °C except at very high latitudes.

Although lower soil levels will be tapped during
intensive erosion events, it is mostly the tops of weath-
ering profiles that supply grains to fluvial environments
and become the ancient sediments that we can use to
infer surface conditions. Our sand grains encountered
pristine rainwater and far-from-equilibrium conditions
just before mobilization. They preferentially carried
records of kinetically limited near-surface processes
away from the outcrop. This is true even if the deeper
weathering profile was saturated with respect to quartz.

3.1. Chert and quartzite

Chert is a relatively uncommon rock in modern
source areas. Quartzite is analogous and more abun-
dant. Like chert it is nearly monomineralic, has little
porosity, and forms extended outcrops. It differs from
chert in having a larger grain size, which will play a
role in its mechanical breakdown. Karstic features in
carbonate-sedimented sandstone are not relevant here
as quartz dissolution is not involved.

Because chert is such a minor component of most
source terranes, its overrepresentation in conglomerate
or river gravel is an indication of its resistance to
weathering and decomposition to sand-sized fragments,
under a range of climatic conditions. Overrepresenta-
tion of chert clasts occurs in relatively recent, humid
environments that were warm but not extreme. Creta-
ceous conglomerates in Iowa provide a example: local-
ly derived chert clasts from Paleozoic carbonates occur
together with jasper, quartzite, and vein quartz derived
from the Canadian Shield [27].

Quartz, however, does undergo some chemical
weathering in modern environments. Modern karst
occurs in quartzite and other hard rocks [28,29], but
is not known to occur on chert (S. Doerr personal
communication, 2003). The region in Venezuela near

Angel Falls is a spectacular example of quartzite karst.
The waterfall exits from a quartzite cave along the cliff
face [28]. Here, karst formed at high elevations at mean
temperatures as low as 14 °C and at a very high rainfall
rate of ~5 m/yr. It is important to note that development
of quartzite karst in this region was helped significantly
by restricted mechanical weathering along the plateau’s
subdued topography.

Chemical analyses of groundwater at Angel Falls put
the karst-forming process into geochemical context.
Effluent water from the local quartzite near Angel
Falls contains SiO, at ~2% of saturation [30]. This
indicates that the dissolution of quartzite is kinetically
limited. Amorphous silica does occur from local evap-
oration, but plays no part in the overall mass balance as
this SiO, had to dissolve from quartzite in the first
place.

Chert also forms a regolith in the warm humid
mountainous Ashio region of Japan [31]. Water infil-
trates into the chert regolith and exits from springs.
Although, dissolution features are not evident within
the chert bed, some dissolution does occur. Springs
where just chert is available are at ~29% of quartz
saturation (Tsuyoshi Hattanji, personal communication,
2005).

Karst weathering of quartzite to a friable rock also
occurs in the semiarid climate near Delhi, India [32].
Weathering involves strong acids from oxidation of
pyrite, which is inapplicable to anoxic conditions in
the Archean but may be partially analogous to higher
CO, levels proposed for the mid-Archean (9). Desicca-
tion akin to salt weathering may also be important (J.
Donald Rimstidt, personal communication, 2005). Be-
yond showing that quartzite can become friable under
semiarid acid weathering in modern climates, this situ-
ation provides little insight into weathering in humid
Archean climates.

3.2. Sand from granitic rocks

Quartz dissolution during the weathering of granite
must be considered separately, due to interference from
the simultaneous dissolution of additional silicates.
Quartz sand forms from granitic rock when feldspar
and mafic minerals weather to clay. Early in weathering
the dissolution of feldspar may supersaturate the water
with respect to quartz, thus precluding further quartz
dissolution. Careful studies show that quartz grains do
dissolve to some extent in the later stages of modern
weathering despite the involvement of feldspar. Schulz
and White [33] provide a field study of the modern
weathering of a quartz diorite and include a review of
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the literature. Their locality in Puerto Rico receives 4 m
of rain per year but only 0.6 m soaks in. It takes water
12 yrs to traverse the 9-m thick regolith profile. The
saprolite regolith contains iron oxides, biotite, quartz,
and kaolinite. Dissolved silica increases linearly with
depth to saturation at the base of the profile. Mass
balance indicates that comparable amounts of SiO,
come from dissolution of biotite and quartz.

Etch pits on grain surfaces are common. Schulz and
White [33] calculate that they should form when the
Si0, concentration is below 10-45% of saturation. This
is a common feature of tropical soils [34]. Pits form
quickly, for example, in <8000 yrs on dune sand in
northeastern Australia [35].

Dissolution is enhanced because the real surface area
of the diorite-derived quartz grains is large: ~100 times
the geometric (equivalent sphere) area and independent
of grain size. Dissolution occurs along grain boundaries
and microcracks, making the grains somewhat friable,
although no macroscopic size reduction of the quartz
grains is evident. Schulz and White [33] note that their
average grain radius is expected to change only from
0.23 to 0.22 mm in the 100 ka that it remains in the soil
using kinetic data from Lasaga [36].

4. Inferences about Archean climate

We wish to compare the above modern analogs with
the Archean record, particularly with the mid-Archean
sediments preserved in the Moodies Group. To a first
order, the Archean sediments we have discussed are
similar to modern ones. If anything, quartz dissolution
features are less common in the ancient rocks [11]. A
tempting inference is that the Archean climate was like
the modern. Yet we need to identify observations that
are particularly temperature sensitive, because there
were many features of the Archean that uniquely af-
fected weathering (i.e. elevated CO, and the absence of
plants). Temperature-sensitive observations include the
absence of karst solution features in monomineralic
quartz pebbles and on chert erosion surfaces and the
survival of abundant polycrystalline quartz and chert in
the sand fraction. Conversely, detection of mild solution
features like pits on modern grains in tropical climates
would be less useful. (Higher temperatures would only
increase their rate of formation.) Such features are
likely to be obscured by low-grade metamorphism.

Given the lack of modern hot climates, we apply an
analogy to quantify the kinetics of quartz dissolution.
Carbonates are common on the modern Earth. Their
dissolution rates are fast enough that solubility often
limits their denudation rates. Before discussing this, we

expose our ignorance of what a hot Archean climate
would be like.

4.1. Archean climate and landscape

We discuss ~50 and ~75 °C climates in comparison to
the modern Earth where weathering occurs at ~25 °C.
Latent heat would buffer temperature daily, annually, and
geographically. At saturation, there would be 0.12 and
0.39 bars of water vapor in the air, respectively, at 50 and
75 °C. The global average rainfall is of the order of a
meter per year, as it is limited by the heat from sunlight,
like at present.

Details that would be useful to the field geologist are
not evident without sophisticated meteorological calcu-
lations. These include the tendency of rain to fall
orographically and in local torrential storms, maximum
wind velocities, and the range of relative humidity. We
note that halite occurs in the Archean [37], and that it
indicates that the relative humidity was below ~0.75
either locally or temporally.

We also have poor constraints on Archean geomor-
phology. Land plants were absent. Conceivably, micro-
bial mats stabilized the surface and enhanced
weathering. No land fossils are known from the Archean
[38], but this does not mean that the soils were sterile.
The 2.76-Ga Mount Roe (Australia) paleosol shows
evidence of weathering assisted by microbes [39]. For
now, we can discount weathering aided by abundant
humic acids at 3.2 Ga.

We note that a recently denuded and sterilized slope
is not a perfect analog for the Archean. Given time,
however, low-relief surfaces on grade with chemical
weathering developed in the Archean, as evidenced
by the presence of Archean shales and mature sands.
We do not consider places where rapid mechanical
denudation on high relief surfaces overwhelmed chem-
ical weathering nor do we consider arid environments.

4.2. Carbonate analog

Carbonates form karst as well as microkarst features
on weathering surfaces and pebbles. Carbonate karst
has been found in the Archean [40], which implies that
chert or quartzite karst might have been found if they
were abundant. Typically, the kinetics of carbonate
dissolution is geologically fast. It provides an analog
where solubility, rather than dissolution kinetics, is rate
limiting.

We discuss quartz solubility to put carbonate solu-
bility in context. Here we are interested in rainwater,
groundwater, and river water in a humid climate. As
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abundant humic acids are unlikely in the Archean and
as there is likely to be significant CO, in the air, we
restrict 3<pH <7 and the ionic strength to <1 mmol. In
these conditions, the solubility of quartz is a moderate
function of temperature and a weak function of pH and
dissolved CO,. Quartz solubility is 11, 21, 37, and 67
ppm at 25, 50, 75 and 105 °C, respectively, [41]. A
meter per year of saturated infiltration would remove 4,
8, 14, 25 m of rock in 1 m.y., respectively.

The solubility of calcite (CaCO3) in rainwater in the
presence of modern air is 50 ppm and its (organic soil)
solubility at 0.01 bar CO, is 160 ppm [42]. The solu-
bility is higher if humic acids are abundant, but this
situation is unnecessary to form karst, as in the Archean
[40]. The solubility of dolomite (which also forms
karst) in rainwater is between that of calcite and quartz
at ~25 °C, but is poorly determined [42]. Initial porosity
is not needed for carbonate karst. It forms in hard
limestone and marble [e.g., Mueller [43]].

4.3. Quartz dissolution kinetics

Overall, the solubility of quartz is only modestly
below that of carbonates. We need to look to the slow
dissolution rate of quartz at ~25 °C to explain the rarity
of quartzite karst on the modern Earth, especially since
effluent water from the Venezuelan quartzite karst has
only ~2% of quartz saturation [27]. For the Archean, we
need to look at the dependence of dissolution rate on
temperature, and we use the far-from-equilibrium rate
in moles per square meter of exposed surface per time.
This dissolution rate of quartz at 50 and 75 °C is a
factor of ~10 and ~100 respectively above the solution
rate at 25 °C and a weak function of pH and CO,
concentration for the ranges of interest [44].

Rainwater falls essentially devoid of SiO; so that the
bulk of the dissolution occurs at the far-from-equilibrium
rate. Rainwater percolates through the soil dissolving
quartz, leaving the effluent either undersaturated as in
the Venezuelan karst locality [27] or essentially saturated
as in Puerto Rico [33]. The bulk of the dissolution occurs
at water—quartz contacts where replenishment maintains
far-from-equilibrium conditions. The rest of the real
grain surfaces are not efficiently replenished, and here
slow dissolution will occur at or near equilibrium con-
ditions. It should be emphasized that field observations
are necessary for calibration as the field rate is less than
the laboratory rate and the real surface area of grains is
much greater than equivalent spheres [33].

Grain size and framework structure of the rock
control development of dissolution features related to
chemical weathering. In a quartzite or chert, the quartz

grain boundaries dissolve first and the rock disaggre-
gates as chert or quartz sand grains, which are thus
washed away [28,29]. Chert has more grain boundaries
than quartzite, and the smaller grains formed during
grain-boundary dissolution are more easily carried
away. Therefore, quartzite and chert karst may develop
at somewhat lower macroscopic dissolution rates than
carbonates, where most of the material leaves the sed-
imentary system in solution.

4.4. Quartz dissolution as a paleothermometer

To show that quartz dissolution is a paleotherm-
ometer, we consider a 105 °C humid climate. This is
higher than we have seen proposed for the Archean, but
we want to start with a case that is observably different
from the modern Earth. We consider a low-relief sur-
face with granitic and chert outcrops. By assumption,
the low-gradient streams in this terrain readily carry
material in solution from the watershed, but are inef-
fective at removing solids including clays.

At this temperature, sand size grains equilibrate with
water on a laboratory scale of weeks [45]. The effluent
water from the chert and quartzite is saturated with
quartz. The denudation rate at 1 m per year of rain is
25 m per m.y.

Within a granitic rock in this hypothetical terrane, the
high temperature speeds up the break-down of feldspars
and the dissolution of quartz. The weathered soil is
Al,O3-rich clay according to Wolery [46]. (That is, the
presence of clays alone is not a good paleothermometer.)
The clay soil, however, needs to be removed mechani-
cally for open-system weathering to proceed. As already
noted, rainfall and runoff were comparable to present, as
were mechanical denudation processes that depended on
available water, such as those generating the Moodies
Group braided stream deposits. The clay surface on
granite becomes the high ground if its denudation rate
is less than that of the chert. This would occur if relief
were adequately low, so that seasonal drying might turn
the clay into a resistant adobe-like surface.

We now look more closely at the chert and at the
quartz grains housed in the granitic rock. Dissolution
along grain boundaries readily disaggregates the chert
and other polycrystalline quartz into a fine-grained
material. It also acts along the microcracks in quartz
grains making them friable. At low denudation rates,
the quartz and chert that do not dissolve end up as clay
and silt-sized fragments.

We clearly do not see these features in the Archean.
Chert is highly resistant, underlying high ground and
decomposing only partially into pebbles and sand, and
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only modest amounts of clay-sized grains. Polycrystal-
line quartz is abundant in sands and has not entirely
broken down along fine-scale grain boundaries into silt-
or clay-sized fragments.

Can we use these observations, together with con-
straints provided by modern quartz dissolution, to quan-
tify Archean surface temperature? A transition to the
expected 105 °C weathering products must occur some-
where between that temperature and 25 °C. We expect
that it occurs closer to 25 than 105 °C primarily because
the dissolution rate is an order-of-magnitude function of
temperature over the range of interest, while solubility
is a factor-of-a-few function. In other words, the tem-
perature does not have to be much higher than at
present for kinetically controlled dissolution effects to
become evident.

We do not have any known climates with weathering
temperatures significantly above 25 °C, and so we must
extrapolate from measured modern systems. We do note
that the dissolution features of quartz we have discussed
do occur modestly on the modern Earth. In particular,
faster dissolution at temperatures somewhat above 25
°C enhances disaggregation along cracks and grain
boundaries that leads to karstic features. Such dissolu-
tion involves only a minor volume in the grains so it is
more sensitive to kinetics than solubility. Its last stages
(in ancient sediments that we can actually observe)
occurred near the erosion surface by interaction with
far-from-equilibrium rainwater.

Using the Puerto Rican exposure [33], quartz grains
in granitic rock became “somewhat friable” in ~100 ka of
exposure time in an area of significant mechanical de-
nudation although the bulk diameter of the grains
remains. That is, the grains are to the point that they
would fracture and largely disintegrate during transport.
They would break in situ given more weathering or
modestly faster dissolution kinetics. Extrapolating line-
arly from the Puerto Rican quartz grains (as dissolution
rate increases a factor of 10 with every 25 °C temperature
increase), the observed amount of friability should occur
after 10 and 1 ka at 50 and 75 °C, respectively.

Quartzite karst formed in a favored environment in
Venezuela even though the effluent water is ~2% of
quartz saturation. Again extrapolating linearly, the ef-
fluent would be ~20% saturated at 50 °C and nearly
saturated at 75 °C, thus inferring much more rapid karst
formation and quartzite disaggregation.

5. Conclusions

We have applied rather banal observations on Ar-
chean sediments and modern environments to obtain a

paleothermometer for surface conditions on the early
Earth. We concentrated on quartz because it is a simple
common mineral for which chemical data exist. Its
weathering is not strongly affected by atmospheric
CO,. The observations are quite low-tech involving
point counts of sediments, visual observation of peb-
bles, and microscopic observations of grains in sedi-
ments and weathered rock. In the Archean as at present,
quartz is a major component of most clastic sediments.
Hard monomineralic quartz, as in chert and quartzite,
resisted solution weathering. In the Moodies Group, in
particular, chert is overrepresented in conglomerate
relative to the source region. Sandstones with abundant
quartz grains are common. Polycrystalline quartz es-
caped disaggregation. We have no evidence of karstic
features on Archean quartz pebbles or erosion surfaces.

It is easier to say that that the Archean data are
consistent with modern weathering temperature than
that they preclude elevated weathering temperatures.
Importantly, features related to friability involve posi-
tive evidence rather than absence of evidence. In par-
ticular, monocrystalline quartz, polycrystalline, quartz,
and chert are common in the Archean sand fraction.
Our chert pebbles behaved as hard, not friable, rocks.
As noted in Section 4, friability and disaggregation
involve small volumes of quartz and hence are mea-
sures of dissolution rates more than solubility. We
expect that friability strongly affects the sand fraction
even at 50 °C.

Finally, our conclusions are not in direct conflict
with ocean temperatures inferred from oxygen isotopes
in chert [1]. Our data come from a later time when these
marine cherts were exposed to erosion. As noted in
Section 4.1, we have no good theoretical constraints
on the long-term and geographic variability of Archean
climate. A geologist who discovers pronounced quartz
solution features in ancient sedimentary rocks can ea-
sily turn our argument around. Further examination of
the rock record is warranted.
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