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INTRODUCTION 
During the Neoproterozoic and Paleozoic, 
northwestern Mongolia formed part of a 
convergent margin created by subduction of 
oceanic crust beneath the Zavkhan 
microcontinent, which was growing due to 
forearc accretion of various terranes (Xiao et 
al, 2004).  Our study area is located within the 
Hovd Accretionary Wedge Terrane, which is 
thought to have accreted during the Cambrian 
or Ordovician.  Badarch et al. (2002) report 
that Devonian and Mississippian volcanic and 
sedimentary rocks overlap this terrane, but 
otherwise little has been published on the Mid-
Paleozoic bedrock of the Kharkhiraa Uul. 
In this study, we provide data that helps 
constrain the age and tectonic setting of the 
bedrock in this study area, and examine the 
implications of these constraints for regional 
tectonic history.    

METHODS 
We mapped approximately 8 km2 of bedrock 
at a scale of 1:15,000 and examined, 
described, and photographed outcrops of 
sedimentary and volcanic units within the 
study area.  Additionally we measured two 15-
m stratigraphic sections in detail; however, 
time constraints and poor outcrop precluded 
such detailed examination elsewhere.   
We collected 17 samples representing the 
major rock types in the area and used them to 
prepare thin sections.  These samples provided 
the basis for descriptions of both hand sample 

and thin section petrography.  With the 8 
samples containing significant amounts of 
sand-sized material we conducted point counts 
of 300 grains.  
We sent samples of basalt and rhyolite to the 
Washington State University Geoanalytical 
Lab, where they were analyzed for 52 major 
and trace elements using XRF and ICP-MS 
analyses.  Additionally, we prepared a sample 
of powdered basalt groundmass, which we 
then sent to the University of Alaska 
Geochronology Lab for 40Ar/39Ar age analysis.   

RESULTS 
Stratigraphy 
Figure 1 shows a reconnaissance geologic map 
and Figure 2 shows a generalized stratigraphic 
column of the study area.  The stratigraphic 
thicknesses are estimates derived from the 
map.  The stratigraphy of the study area is 
divided into five distinct units.   
Three distinct facies make up unit A.  Facies 
a.1 consists of thinly laminated beds of silt and 
clay.  Facies a.2 contains massive sand beds, 
which are occasionally interbedded with thin 
laminations of silt.  Facies a.3 is a set of beds 
exhibiting rapid grading, generally from sand, 
but occasionally from pebble sized grains, to 
silt or clay resembling facies a.1.  Point 
counted samples A.1 and A.3 come from 
lower beds of unit A, while samples A.4 and 
A.5 come from upper beds.   
Thinly bedded (0.5 to 1 cm) black shale 
characterizes unit B.  Thin section petrography 
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of a sample from this unit revealed alternating 
beds of silt and clay at a scale of 0.5 to 1 mm.  
In both units A and B there are accumulations 
of carbonized macrofossils, which we 
interpreted as preserved plant debris.   
Three distinct facies are found in unit C.  The 
first, c.1, is a carbonate mudstone facies 
consisting of silt to clay sized material.  Facies 
c.2 consists of a non-carbonate mudstone that 
varies from maroon to green in color.  Facies 
c.3 is a limestone made up of silt sized calcite, 

with a significant component of sand sized 
siliciclastic grains.  
Siliciclastic material ranging from fine sand to 
cobbles, with beds ranging from 0.5 m to 2 m 
in thickness, characterizes Unit D.  Many beds 
of this unit exhibit grading from pebbles or 
cobbles to sand.  The lower half of this unit 
shows variation in color, from green to red, 
and in the ratio of quartz to lithic fragments.  
The upper half of unit D is consistently 
reddish, due to iron oxide weathering, and rich 
in quartz.  Point counted samples D.1, D.2, 

 
Figure 1.   Reconaissance geologic map of the Black Marmot Valley.  Samples and measured sections (MS) are 
listed at their approximate location. 
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and D.3 come from the lower half of unit D, 
while sample D.4 comes from the upper half.  
Unit E consists of conglomerate interbedded 
with shale, coal, and rhyolite tuff.  This unit 
has been examined and interpreted in detail by 
Nissenbaum (cf., this volume).   
Five layers of basalt outcrop within the study 
area.  The first four of these layers are 
interlayered with unit C, range in thickness 
from 10 to 30 m, and taper laterally.  The 
texture of these layers varies between glassy 

and porphyritic, but 
alteration precludes further 
description.  The much less 
altered uppermost layer 
outcrops within unit D, and 
is found in three distinct 
flows, which may represent 
paleochannels.  Within one 
of the flows there are both 
small pillow forms and 
hyaloclastites. 
In the eastern third of the 
study area the bedrock is 
crushed and silicified to the 
point that it is no longer 
identifiable.  This alteration 
suggests hydrothermal 
activity and brecciation, both 
of which are likely due to 
recent activity along the Jid 
Fault.  

Provenance Data 
We tabulated point count 
results into percentages of 
total quartz (Q), feldspar (F) 
and lithic fragments (L), and 
of polycrystalline quartz 
(Qp), volcanic and 
metavolcanic lithics (Lvm) 
and sedimentary and 
metamorphic lithics (Lsm), 
and plotted these percentages 
on ternary diagrams (Figure 
3).  Feldspar is noticeably 
absent from all samples.  
Aside from the lowest two 
samples from unit A, all 

samples plot within the recycled orogen field 
of Dickinson (1985).  On the QpLvmLsm plot 
of Ingersoll and Suczek (1979), all data plots 
within the back arc basin field, while two 
points plot within the magmatic arc field.  

Geochemistry 
Figure 4 shows trace element data from the 
basalt and rhyolite tuff samples, compared 
with basalts from several tectonic settings.  
The basalt sample is highly enriched in large 
ion lithophile elements (Rb, Ba) as well as Th, 

 
Figure 2.  Preliminary stratigraphic column of the study area.  Samples 
and measured sections are listed at their approximate stratigraphic 
position. 
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and is enriched in Nb in comparison with 
island arc basalt.  Additionally, the sample has 
a high Ti/V ratio (46.1) and relatively low 
Ti/Y (375.17) and Zr/Y (3.72) ratios.  The 
rhyolite tuff is enriched in most trace 
elements, but exhibits troughs in Nb and Ti.   
40Ar/39Ar Geochronology 
Results of this analysis indicate that the 
sample has extremely high levels of excess 
argon, with an initial 40Ar/36Ar ratio of 
approximately 1600.  Inverse isochron results 
from two runs gave ages of 300.7 +/- 4.5 Ma, 
with an MSWD of 1.4, and 302.7 +/- 13.6 Ma, 
with an MSWD of 2.1.    Based on the high 
excess argon levels and the internal 
consistency of the isochron ages, the basalt 
was probably emplaced at 301 +/- 15 Ma.  
Continually descending age spectra imply that 
this sample has most likely not been reset by 
later heating events, and the reported age can 
be considered as a maximum. 

DISCUSSION 
We interpret Unit A to be a marine or deep 
lacustrine turbiditic fan, with facies a.2 and a.3 
representing gravity flow deposits and facies 
a.1 representing background pelagic 
sedimentation.  Unit B represents event 

deposition within a less energetic 
environment, perhaps as a result of 
progradation or changes in drainage.  Unit C 
suggests an abrupt shift from gravity flow 
events to biogenic and pelagic deposition.  
This shift was most likely caused by a change 
in drainage that prevented terrestrial sediments 
from reaching this depositional basin.  The 
variation between carbonate in facies c.1 and 
c.3, and non-carbonate mud in facies c.2, may 
represent changes in water chemistry and/or 
climate.  Abundant sand grains within facies 
c.2 are evidence for a gradual return of 
siliciclastic sedimentation.  The basalt 
interbedded with unit C is altered and difficult 
to interpret, and could have formed as either 
surface flows or shallow sills.  Unit D 
represents high-energy deposition in either an 
alluvial fan or fan-delta setting.  The pillows 
and hyaloclastites within the upper basalt flow 
suggest sub-aqueous eruption, and 
Nissenbaum (cf., this volume) interprets unit E 
as being deposited in a transitional 
marine/terrestrial environment.  Therefore it is 
likely that unit D was either deposited 
subaqueously or in a transitional environment.   
This section represents a series of 
progressively shallowing environments, 

 
Figure 3.  QFL and QpLvmLsm diagrams of point count data.  On the QFL triangle (Dickinson, 1985) 
samples plot within fields 6 (undissected arc) and 7 (recycled orogen).  On the QpLvmLsm triangle 
(Ingersoll and Suczek, 1979) samples plot within fields 3 (mixed magmatic arcs and rifted continental 
margins- back-arc basins) and 4 (magmatic arcs- forearc areas).  
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reflecting sea level change that may be due to 
progradation, uplift, climate, or some 
combination of these factors.  Aside from 
units B and C, the stratigraphy is dominated 
by high-energy environments, indicating 
deposition in a tectonically active area. 
The sandstone point count data indicates that 
sand composition matures through time.  The 
shift from lithic fragments to quartz suggests 
either progressive dissection of a source arc, 
or a shift in importance between two 
compositionally unique sediment sources.  All 
sand samples plot within the back arc basin 
field of Ingersoll and Suczek (1979), reflecting 
the significant amount of volcanic lithics 
found throughout the section.  This suggests 
that deposition took place at the margin of a 
volcanic arc, although it is also possible that 
volcaniclastic sediments came from early 
Paleozoic island arc rocks and do not reflect 
the depositional tectonic setting.  The absence 
of feldspar in these samples suggests that 
deposition took place in a warm humid climate 
with high rates of chemical weathering.   
The basalt geochemistry provides a complex 
picture of magma generation.  Enrichment in 
large-ion lithophiles (Rb, Ba) as well as Th 
indicates contribution from a dehydrating-
subducting slab.  The sample does not show, 
however, the depletion in Nb that is typical of 
arc magmas (Wilson, 1989), and its high Ti/V 
ratio indicates an affinity with MORB 
(Shervais, 1982).  Low Ti/Y and Zr/Y ratios 
indicate shallow melting and imply that the 
sample did not erupt in a within-plate setting 
(Pearce, 1996).  One possible explanation for 
this sample’s geochemical signature is that it 
represents a transitional magma produced by 
incipient back-arc extension, a setting in 
which basalt often exhibits features of both 
MORB and arc basalt (Pearce, 1996).  
Statistical validation of this interpretation, 
however, would require systematic analysis of 
many samples.  The Nb trough seen in the 
rhyolite sample suggests an association with 
arc magmatism.  The rhyolite is an ashfall tuff, 
however, and is thus less useful in determining 
the tectonic setting of the study area as it may 
have come from a distant source.    

40Ar/39Ar analysis indicates the uppermost 
basalt flow erupted at approximately 301 +/- 
15 Ma.  This age, together with the fossilized 
plant debris in units A and B and the 
conformable nature of the stratigraphy, 
indicate that the section was deposited during 
the Carboniferous. 

CONCLUSIONS 
The strata of the Black Marmot Valley were 
deposited around 301 +/- 15 Ma, and are 
principally made up of high energy 
siliciclastic deposits indicating ongoing uplift 
during deposition.  Provenance data suggests 
proximity to both active volcanism and mature 
source rocks.  Basalt flows show geochemical 
affinities with both MORB and arc volcanism, 
and may represent a hybrid magma formed in 
a back arc extensional setting.  Overall, this 
evidence suggests that the Black Marmot 
Valley and its surrounding region were 
tectonically active during the Carboniferous.  
This tectonic activity was likely related to 
ongoing subduction to the southwest (Xiao et 
al., 2004) and may have been due to back-arc 
extension.    
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Figure 4- MORB normalized incompatible trace element variation diagram comparing basalt and 
rhyolite tuff samples with three end member basalt types (Wilson, 1989). 

 


