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 Introduction
Understanding paleoclimatic and ancient surficial processes and conditions
is an important aspect of understanding modern climate change and surface 
geologic processes. Atmospheric carbon dioxide is buffered by the chemical 
weathering of silicate rocks. This weathering induces mineralogical changes in 
the rock, including albitization of alkali feldspars and precipitation of authigenic 
hematite (e.g. Creer, 1968; Parcerisa et al., 2010; Dulin, 2014). 
Paleomagnetic dating of magnetic remanence held in hematite can constrain 
the timing of hematite precipitation, possibly indicating timing of subaerial 
exposure and/or exposure to supergene fluids (e.g. Ricordel et al., 2007; 
Dulin, 2014). When combined with petrography and rock magnetism, we can 
gain a better understanding of the processes that acted on the rock during 
subaerial exposure and chemical weathering.
This study aims to determine the presence and timing of hematite precipitation 
and/or albitization near two unconformity surfaces, further exploring the 
mechanisms of hematite precipitation and albitization. We present 
paleomagnetic, petrographic, and rock magnetic results from unconformity 
surfaces that represent nearly one billion years of missing time. Crystalline 
basement rocks and their overlying sedimentary cover from two different 
locations were chosen for analysis based on the likelihood that the crystalline 
basement rocks underwent subaerial exposure prior to marine transgression 
in the latest Proterozoic to early Cambrian. The Proterozoic Vishnu equivalent 
igneous and metamorphic rocks and overlying Lower to Middle Cambrian 
Tapeats Sandstone at Frenchman Mountain, Nevada, exhibit a well-exposed 
transition from the basement to the Paleozoic section. In the St. Francois 
Mountains region in southeastern Missouri, the Proterozoic Butler Hill Granite 
and Grassy Mountain Ignimbrite are both overlain by the Upper Cambrian 
Lamotte sandstone. This area is known to represent a paleotopographic high 
during the Late Proterozoic. Both sites provide opportunity to gather 
information about the Great Unconformity and may give insight into the effects 
of paleoweathering conditions over geologic time. The similar age of the 
unconformities and likelihood of similar surface processes during exposure 
made these two locations targets for paleomagnetic investigation to determine 
timing of authegenic mineral formation. 
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Sampling at Frenchman Mountain: Cambrian Tapeats SS and 
underlying Vishnu-equivalent schists and granites. Unconformity 
age ~1.2 billion years. Sampled 88 granite/schist and 57 
sandstone.
Sampling in SE Missouri: Cambrian Lamotte SS and underlying 
Grassy Mountain Ignimbrite and Butler Hill Granite. Unconformity 
age ~1.0 billion years. Sampled 49 granite/ignimbrite and 55 
sandstone/conglomerate facies.

Above: Unconformity at Frenchman 
Mountain, NV. Hematite-stained 
quartzarenites over biotite schists.

Left: Outcrop of the 
Grassy Mountain 
Unconformity, near 
Fredericktown, MO. 
Subarkoses overlie a 
basal boulder bed 
that contains variable 
sized (4-15 cm, 
commonly) clasts of 
the underlying 
rhyloitic ignimbrite.

Results and Discussion

Results: Frenchman Mountain, NV
Representative Paleomagnetism and Rock Magnetism
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Vishnu rocks from four sites produced a 
ChRM held primarily in magnetite that 
exhibited northeasterly declinations and 
moderately steep up inclinations. They 
yielded a paleopole at 16.3°S latitude, 
129.9°W longitude (dp = 7.3°, dm = 
10.2°), near the Mesoproterozoic 
portion of the APWP for North America. 

Rocks from the Tapeats yielded stable 
magnetizations but no mean direction. 
Site FSS3 was the exception, holding a 
stable magnetization held primarily in 
magnetite with a calculated paleopole of 
25°S latitude,173.9°W longitude (dp = 
6.9°, dm = 13.5°). This is interpreted as 
a primary or very early secondary DRM 
due to the lack of similar directions by 
other site means. Other Tapeats 
samples yielded scattered directions 
held in both moderate- and 
high-temperature components, 
consistent with the findings of Gillett 
(1982). 

Optical and SEM Petrography

Optical and SEM petrography of multiple thin 
sections confirm the presence of hematite and 
minor albitization of alkali feldspars of the Vishnu 
group. Albitization is not widespread; hematite is 
typically spatially associated with biotite alteration 
or fracture-fill occurrences, recognized by red 
internal reflections in reflected light. 

Tapeats samples rarely exhibit hematite, typically as 
minor fracture-filling material. Red internal 
reflections in reflected light are usually the only 
indicator. Quartz overgrowths are very common in 
the Tapeats, indicating compaction processes may 
have played a large role in the diagenesis of the 
formation. 
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Results: St. Francois Mountains, MO
Representative Paleomagnetism and Rock Magnetism

Optical and SEM Petrography
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Rocks in the Grassy Mountain Ignimbrite and Butler Hill Granite show a ChRM held 
primarily in magnetite (accessory hematite) with southwesterly declinations and 
moderately steep down inclinations. They yield a paleopole at 3.4°S latitude, 145.1°W 
longitude (dp = 1.8°,dm = 2.8°), agreeing with magnetizations reported in previously 
published work (Hsu et al., 1996; Hays and Scharon, 1966; Meert et al., 2002). 

Samples of the Lamotte sandstone above both Butler Hill Granite and Grassy 
Mountain Ignimbrite yield stable magnetizations residing primarily in magnetite 
(accessory hematite) and exhibiting southeasterly declinations and moderately steep 
down inclinations. A paleopole was calculated at 14.7°N latitude, 126.8°E longitude 
(dp = 8.7°, dm = 13.6°; antipodal), which plots near the Silurian part of the APWP. The 
error ellipse encompasses the late Devonian to early Mississippian portion of the path, 
and is likely when magnetization was acquired.

Optical and SEM petrography of 
the Butler Hill Granite and Grassy 
Mountain Ignimbrite reveals the 
presence of Ti-magnetite and 
accessory hematite. Titanium is 
well exsolved from the magnetite in 
both rock types. The ignimbrite is 
rhyolitic in composition and 
displays devitrification textures. 
Hematite is limited to fracture-fill 
occurrences and is sparse, 
although some specular hematite 
is found in larger fractures.

The Lamotte sandstone contains 
lmagnetite, hematite, and 
abundant pyrite. Above the Grassy 
Mountain Ignimbrite, the unit 
contains dolomite cement and 
graptolite fossils, indicating a shift 
into the overlying Bonneterre Fm.

Discussion
Conglomerate Test from Boulder Bed at St. Francois Mountains
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Paleomagnetic samples were removed 
from six clasts (A-F) of Grassy Mountain 
Ignimbrite within the basal conglomerate 
at the Grassy Mountain Unconformity. 
Demagnetization revealed stable 
components with randomized directions, 
indicating a positive conglomerate test. 
The lack of remagnetization (i.e. the 
Devonian/Mississippian remagnetization 
found in the overlying Lamotte) suggests 
that any remagnetizing MVT-type fluids 
flowing through the rocks were not 
capable of penetrating these clasts, and 
therefore the underlying rhylolitic 
ignimbrite. 

Star and associated error ellipse 
represents virtual geomagnetic pole 
position for sites LMS1 and LMS2, on the 
Silurian portion of the path (after Torsvik et 
al., 2012). Error ellipse encompasses the 
late Devonian to early Mississippian, 
which is coincident with regional migration 
of MVT-type hydrothermal fluids (Stein 
and Kish, 1985; Lange et al., 1983). These 
fluids may have been heated by Middle 
Devonian alkaline igneous activity 
(Zartman et al., 1967) and were 
consequently hot enough to remagnetize 
existing magnetite grains in the Lamotte. 
The lack of remagnetization in the basal 
conglomerate suggests resistance to 
penetration by the ignimbrite clasts.

Star and associated ellipse represent pole position for Vishnu sites FG4, VG1, VG2, and 
VG4. Square represents VGP for site FG7 after AF demagnetization. Triangle (error ellipse 
smaller than symbol) represents pole for Butler Hill Granite/Grassy Mountain Ignimbrite sites 
BHG1, BHG2, GMR1, and GMR3. Poles likely represent primary thermoremanent 
magnetizations in the case of the 1.476 +/- 16 Ma Missouri rocks. Pole for Vishnu sites at 
approximately 1440 Ma likely represents a TRM or TVRM acquired during cooling after peak 
metamorphism. Impermeable nature of Missouri rocks likely led to preservation of primary 
magnetization despite movement of MVT-type fluids in overlying sedimentary rocks. The lack 
of a secondary, late Precambrian to early Cambrian magnetization in the Nevada Vishnu 
rocks suggests that local climatic factors or other widespread phenomena may have 
prevented the increased chemical weathering rates necessary to produce hematite in a 
sufficient quantity and timeframe to yield a secondary CRM. Figure after Harlan et al., 2008. 

Pole Positions - Apparent Polar Wander Path for North America

Paleomagnetic and petrographic analyses of crystalline basement rocks and
their overlying sedimentary cover indicate that paleoweathering processes can 
be recorded on erosional surfaces. However, the mechanism has several 
limiting factors: climate, paleotopography, and basement rock lithology can 
each enhance or limit the amount of hematite that can precipitate in the upper 
portions of the basement rock and record magnetic information. The Vishnu 
granites and schists of southern Nevada contain Precambrian magnetizations 
in magnetite that were likely acquired soon after emplacement and 
metamorphism of the rocks. Although some specimens held stable 
magnetizations in hematite, unknown sedimentary history and a poorly 
constrained Proterozoic to Lower Cambrian apparent polar wander path make 
a definitive age and magnetization mechanism difficult to interpret for those 
magnetizations. Climatic conditions during the Cryogenian and Ediacaran, 
when the rocks were likely exposed, are also debated and therefore the 
results for the original hypothesis of hematite recording the time and extent of 
weathering are inconclusive in this portion of this work. In Missouri, the 
low-permeability, weathering-resistant Grassy Mountain Ignimbrite likely 
provided a capping layer that inhibited migration of supergene weathering 
fluids to the underlying Butler Hill Granite and helped preserve the primary 
Proterozoic magnetization held in magnetite in the rocks. The Lamotte 
Sandstone contained a Devonian- Mississippian remagnetization that was 
likely acquired from hydrothermal activity during MVT-type ore-forming fluid 
movement. Paleotopographic relief in the basal St. Francois aquifer could 
have directed fluid flow away from exposed portions of the Butler Hill Granite 
into paleotopographic lows, while the Grassy Mountain Ignimbrite inhibited 
fluid alteration in the underlying rocks. Some hematite-likely containing 
Proterozoic magnetization-was found in the Butler Hill Granite and could be 
indicative of supergene fluids penetrating the upper parts of the exposed 
granite where the Grassy Mountain Ignimbrite did not overlay the unit, or was 
eroded away. A more thorough understanding of the Neoproterozoic APWP 
and tectonic forces during the Neoproterozoic is necessary to determine the 
significance of those magnetizations that yield Precambrian directions but do 
not correlate with established primary poles. In addition, more work on the 
Proterozoic sedimentary history of southern Nevada and the original extent of 
the Grassy Mountain Ignimbrite flows could shed light on coarser crystalline 
basement exposure during the time of proposed subaerial exposure. The 
characterization of paleoweathering surfaces using paleomagnetism can be a 
useful tool for paleoclimate modelling; future studies of exposure surfaces with 
ages that are more well-defined by the APWP may prove the concept of this 
hypothesis. 

Conclusions

Shannon Dulin and Gayln Adams provided invaluable help with sample collection in 
both field areas, with the assistance of Doug Elmore and the Fall 2015 Paleomagnetism 
class. Paleomagnetic analyses were aided by laboratory help from numerous 
undergraduates. Melissa Bennett greatly aided in the completion of IRM acquisition 
towards the end of the project. All orthogonal projections after Zijderveld (1967). 
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