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ABSTRACT—We utilize sedimentologic and stratigraphic relations in an exposure containing the Lava Creek B ash to inter-
pret surficial processes and local landscape stability during a pluvial-interpluvial paleoclimate change. The exposure of interest 
shows paleotopography along the southwestern valley margin of the Rio Puerco, a 250 km-long tributary of the Rio Grande 
that did not experience glaciation in its headwaters. Several previous studies support the premise that the 0.639 Ma Lava Creek 
B ash fell at a glacial-interglacial transition (Marine Oxygen Isotope Stages 16-15). Five incision-backfilling events occurred 
during a poorly constrained time interval (probably 104 to 105 yrs) prior to ash emplacement; the two younger fills contain 
coarser alluvium and more evidence of local mass wasting than the three older fills. The voluminous Lava Creek B ash induced 
an abrupt switch from hillslope and valley floor erosion, which had produced 15-18 m of paleotopographic relief, to long-term 
aggradation of the valley floor. After ash emplacment, there was a brief (~100-1000 yr) episode of relative landscape stability 
and low aggradation rates, in which parts of the valley bottom experienced bioturbation and weak pedogenesis. Meanwhile, 
a mantle of ash and ashy colluvium was preserved on northeast-facing hillslopes. After this brief period of relative landscape 
stability, the Rio Puerco valley bottom experienced higher deposition rates, initially accompanied by a large component of 
tributary-derived sediment, which on-lapped the ash-mantled paleo-hillslopes and produced >25 m of alluvial fill thickness. 
Tributary sediment would have been eroded from local hillslopes or upstream alluvial storage, but hillslope erosion is not 
evident at our site -- perhaps because of the northeast aspect of the paleo-hillslopes. If the latter two of the pre-ash cut-and-fills 
are related to a full-pluvial climate, then such a climate promoted hillslope mass-wasting and alluvial storage in headwater gul-
lies. Hillslope erosion characterized the initial pluvial-interpluvial transition, possibly because of higher intensity precipitation 
events and/or less effective vegetative cover, which delivered more sediment to the valley bottoms than the Rio Puerco could 
transport downstream (even though it had more competency than the modern river). This resulted in significant aggradation 
during the pluvial-interpluvial transition. Finer-grained aggradation possibly continued into the drier full-interglacial, based on 
analogy to the Holocene, but these inferred, fine-grained deposits were later eroded. 

INTRODUCTION

Using an illustrative exposure of middle Pleistocene sediment 
and a marker ash in central New Mexico, this paper interprets 
the response of an arid-semiarid landscape to a pluvial-inter-
pluvial paleoclimate change. Note that we choose to use the cli-
matic terms “pluvial” and “interpluvial,” rather than “glacial” 
and “interglacial,” because this area never experienced direct  
Pleistocene glaciations. We begin by presenting the location and 
general geology of the exposure. Then we demonstrate that the 
marker ash in the exposure correlates with the Lava Creek B 
ash, which was ejected from the Yellowstone area at 0.639 Ma 
(Lanphere et al., 2002), and provide support for the premise that 
the ash fell during a pluvial-interpluvial paleoclimate transition. 
Annotated photographs and stratigraphic sections are used to 
exhibit the stratigraphic and sedimentological features of the site. 
Lastly, we present our site-specific geomorphic and sedimento-
logic interpretations before, during, and after emplacement of 
the Lava Creek B ash, and attempt to relate inferred geomorphic  
processes to the pluvial-interpluvial paleocliamte change.  

The study site lies on the western slopes of the Rio Puerco 
valley, 30 km WSW of downtown Albuquerque and 0.3 km north 
of Interstate 40 (Figs. 1 and 2). It is located on Laguna Pueblo 
tribal lands and permission from the Laguna Pueblo Governor’s 

office is needed to access it. The Rio Puerco is one of the larger 
tributaries of the Rio Grande, extending about 250 km from its 
headwaters in the Nacimiento Mountains to where it meets the 
Rio Grande 32 km south of Belen (55 km downstream of the 
study site). 

Our site lies below a degraded, high-level terrace surface found 
in the middle reaches of the Rio Puerco (Figs. 1-3; Table 1); this 

FIGURE 1. Shaded relief map of the region surrounding the study 
site. The white rectangle corresponds to the geologic map of Figure 2.  
CdO = Cañada del Ojo. Inset (lower left) shows location of Figure 1 
on an outline of the state of New Mexico. Geographic coordinates are 
according to the NAD27 datum.

Appendix data for this paper can be accessed at:
http://nmgs.nmt.edu/repository/index.cfm?rid=2013004
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FIGURE 2. Geologic map of the study site (rectangular outline) and surrounding area. Contours (gray) are spaced 20 ver-
tical ft apart. Stratigraphic sections are labeled E for the eastern section, C for the central section, and W for the western 
section. The geochemical sample located by the dot is that analyzed by Izett and Wilcox (1982); new geochemical data 
presented here is from the eastern stratigraphic section. Unit abbreviations and brief descriptions are given in Table 1. The 
cross section is presented in Figure 3. The terrace tread associated with unit Qaro is approximated by the overlying Qes 
unit. Grid shows UTM coordinates according to the NAD27 datum. Base map is from the U.S. Geological Survey (1954). 

FIGURE 3. Cross section through the study site, illustrating the elevations of the base and projected top of the Rio Puerco 
terrace deposit (aggradational Unit 6). The position of the Lava Creek B ash within the terrace deposit is also shown, as 
well as subdivisions of the terrace deposit into Units 6A1 through 6A5. 
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surface is preserved 82-84 m above the modern Rio Puerco valley 
floor and about 90 m below the Llano de Albuquerque surface, 
which formed shortly after 1.8 Ma (Connell, 2010). The terrace 
surface parallels the Rio Puerco valley, and its underlying, 25-30 
m-thick deposit (called Unit 6A later in the paper) contains clasts 
and sedimentologic features consistent with deposition by a 
southeast-flowing ancestral Rio Puerco and associated tributaries 
(Cikoski et al., 2012). The terrace deposit consists of axial sandy 
gravel intercalated with finer-grained floodplain + side-stream 
alluvial fan sediment. Axial beds are thin to thick and tabular to 
cross-stratified, and the gravel consists of subrounded to rounded, 
poorly sorted pebbles and minor cobbles (see Appendix 1 and 2 
for clast compositions). The floodplain + side-stream alluvial fan 
deposits contain sand with subordinate mudstone and pebbles; 
this unit coarsens towards the paleovalley margin (to the south-
west). The base of the terrace (strath), where it underlies axial Rio 
Puerco gravel, lies at an elevation of ~5460 ft at our study site 
(56-58 m above the modern Rio Puerco valley floor). The strath is 

generally not well-exposed, but mapping out the contact suggests 
its geometry is planar to slightly wavy (Figs. 2 and 3).

Our study site encompasses a hillslope-to-valley-bottom 
transition along the southwestern margin of the ancestral Rio 
Puerco valley, where the aforementioned 25-30 m-thick terrace 
deposit onlaps northeast-facing paleo-hillslopes (Figs. 2-4). A 
topographic amphitheater and conspicuous butte (which we call 
the “western butte”) are found in the western extent of the study 
site, where most of our efforts were undertaken (Figs. 2 and 4). 
A key feature across the study site is a thick bed of ash. The ash 
ranges from being white and relatively pure to being tan and 
variably mixed with non-ash, detrital sediment. This ash extends 
from the floor of valley bottoms up onto the paleo-hillslope, 
exhibiting a total relief of 15-18 m. The paleo-hillslopes were  
associated with a paleotopographic high of uncertain extent, pos-
sibly a northwest-trending ridge, that was later largely buried by 
terrace deposition that extended west of the study site (Fig. 2). 

The terrace deposit overlies Santa Fe Group basin fill  
correlated to the Cerro Conejo Formation (sensu Connell, 2008), 

central strat 
section

western butte

topographic amphitheater
western strat 
section

W E
Figure 4, Koning et al. 

FIGURE 4. Western and central parts of the study site. The tops and bases of the western and central stratigraphic sections are depicted by the large 
white arrows. The smaller white arrows show the Lava Creek B ash or related ashy colluvium. The topographic amphitheater is showcased in Figure 7.

TABLE 1. Lithologic units shown in Figure 2.

Unit1 Unit name Age2 Brief description3

af artificial fill historic Compacted sand, silt, clay, and gravel.
Qes eolian sand sheet middle Pleistocene 

to Holocene
Very fine- to medium-grained sand, with weak to strong soil development. Deposited by eolian 
and sheetflooding processes.

Qay younger alluvium Holocene Valley-fill sand, clayey-silty sand, and pebbly sand; very weak to no soil development.
Qarm middle alluvium middle Pleistocene Rio Puerco terrace deposit of pebbly sand and sand intercalated with minor fine-grained  

floodplain sediment. Strath lies below the Qaro strath.
Qaro older alluvium middle Pleistocene Terrace deposit of pebbly sand, sandy pebbles, sand, and minor silt-clay; surface exhibits strong 

soil development (stage III carbonate morphology; includes ancestral Rio Puerco and tributary 
alluvium above and below the Lava Creek B ash. Includes outcrop units 6A1 through 6A5. 

Tcc Cerro Conejo Fm middle to late(?) 
Miocene

Tan to light orange sandstones intercalated with minor mudstones and lesser  
pebble-conglomerates.

Kmf Menefee Fm upper Cretaceous Mudstones (light to dark gray) and subordinate fine-grained sandstones (light gray to yellow to 
white).

1 Unit abbreviation as used in Figure 2. 
2 Approximate age range based on soil development and regional studies.
3 Full descriptions are found in Cikoski et al. (2012).
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which is late Middle Miocene at its stratotype (Connell et al., 
1999) but possibly late Miocene in this area. The Cerro Conejo 
Formation here consists largely of floodplain deposits composed 
of pale brown (2.5Y 7-8/3), very fine- to fine-grained sand-
stone interbedded with light olive brown (2.5Y 5/4) mudstone.  
Interbedded in these floodplain deposits are 10-25% sandy  
channel-fill complexes that are tabular and 1-4 m thick. These 
channel-fills are generally pink to tan, massive, and the sand 
mostly is fine- to medium-grained. Minor coarse to very  
coarse-grained sand grains are scattered in the finer sand. The 
Cerro Conejo Formation differs from the overlying Pleistocene 
deposits by its pinker-tanner color and overall finer texture. Being 
moderately to well consolidated and generally weakly cemented, 
the Cerro Conejo Formation erodes readily where not protected 
by younger (Pleistocene) gravelly deposits. More detail on the 
geology surrounding the study site is found in Cikoski et al. 
(2013, Day 3 Post-Meeting Optional Road Log, this volume).

METHODS

The outcrops in the study site were described and photo-
graphed on several visits during the summer of 2012 and the 
winter of 2012-2013. Three stratigraphic sections were measured 
with the aid of a Jacob staff and abney level (Fig. 5). Ash samples 
were collected from the lower part of these stratigraphic sections. 
Samples were mounted in epoxy and polished flat, then analyzed 
for shard morphology and geochemistry using backscattered 
electron (BSE) imaging with a Cameca SX-100 electron micro-
probe at New Mexico Tech. 

PREMISES

Ash at site correlates to the Lava Creek B ash

The identification of the tephra layer in the study area as 
Lava Creek B is of critical importance to the interpretations in 
this paper. Therefore, we have chosen to re-examine the shard 
morphology and geochemical composition of the tephra layer in 
order to further support the identification first suggested by Izett 
and Wilcox (1982). All three samples consist almost entirely of 
glass shards, with textures characteristic of derivation from an 
explosive rhyolitic eruption (Fig. 6). Shard sizes of up to 500 
micrometers were observed, although most fall in the range of 
20-200 microns. Smaller size fragments tend to be blockier than 
larger ones. Many shards exhibit a characteristic “Y” shape, 
which forms when a thin glass selvage is preserved between 
bubbles. This shape is typical of highly explosive rhyolitic vol-
canic activity (Heiken and Wohletz, 1984). The glass shards are 
apparently unbroken and unabraded (appearing very delicate), 
suggesting deposition from an ash cloud and minimal reworking 
following deposition. 

One of the three samples (LMN130118-east), obtained from 
the lower unit of the Lava Creek B ash in the eastern stratigraphic 
section (Figs. 2 and 5; Appendix 1), was selected for quantita-
tive analysis. In this sample, the composition of 30 individual 
points were measured (details of the electron microprobe analysis 

are summarized in Table 2). Analytical precision, based on repli-
cate analyses of standard reference materials, is also included in 
Table 2. Analyses are normalized to 100% to allow quantitative 
comparisons between glass compositions and the composition of 
the possible source eruption. However, un-normalized analytical 
totals are also reported to provide information about the degree of 
hydration of glass shards within individual samples.

The problem of distinguishing between compositionally simi-
lar eruptive products was recognized early by tephrochronolo-
gists in the Western U.S., who sought to develop more rigorous 
statistical methods for tephra correlation (e.g. Sarna-Wojcicki et 
al., 1987).  The method that we have chosen to use to assess our 
data involves calculation of the Euclidean distance function, D 
(in standard deviation units), between chemical analyses (Perkins 
et al., 1995). The distance function considers the analytical error 
of the analyses and therefore more heavily weights elements with 
higher analytical precision. In the case of the analyses presented 
in this study, the elements that are used in the statistical differ-
ence calculations are Fe, Ca, Ti, Mg, Mn and K. The precision 
on determinations of Si, Al, P, Na and F tends to be lower so 
they were not included. The low precision values are either due 
to analytical constraints, low abundances, or, as in the case of 
Na, volatility under the beam, particularly at small beam sizes. 
If two analyses were perfectly identical, the D value would be 0. 
However, because of normal analytical statistical error, the mean 
composition of two, coarse-grained, chemically identical tephra 
samples, such as those analyzed in this study, will typically have 
a D value of around 4 or below (Perkins et al., 1995). Any value 
below 10 suggests a high degree of similarity between samples.  

The geochemical analyses of sample LMN130118-east are 
geochemically indistinguishable from known Lava Creek B sam-
ples (Table 2). The D value between this sample and two other 
Lava Creek B samples previously analyzed in the New Mexico 
Tech laboratory are 3.81 and 3.43, meaning that they are chemi-
cally indistinguishable. The same is true for a sample analyzed by 
Perkins et al. (1995), with a D value of 3.66. The chemical simi-
larity between our sample and data presented in Izett (1981) is not 
quite as good (D=6.26), but observation of the data shows that 
the greatest discrepancy is observed between K and Na. These 
elements are both mobile during hydration of volcanic glass  
(Cerling et al., 1985), and we suggest that the difference between 
the analyses of Izett (1981) and others presented in this study may 
be a result of variable amounts of hydration or hydration with a 
different fluid composition. Immobile elements, such as Fe, Mg, 
Ca, and Ti, agree well. 

A geochemical peculiarity of the Lava Creek B eruption  
provides additional support for the correlation. Although ashfall  
deposits from many large silicic eruptions tend to be compo-
sitionally uniform, the FeO content of the Lava Creek B is  
variable from shard to shard, ranging between almost 1 and 2 wt.% 
(Table 2). The tephra sample that we analyzed clearly shows this  
variation with respect to FeO, although all other elements are  
compositionally uniform. The range in Fe, plus the statistical  
similarity between sample LNM130118-east and previously  
analyzed samples, strongly suggest that this thick tephra bed  
was deposited during the Lava Creek B eruption. Shard size  
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Ash: white and1-3% detrital, non-ash grains

Ash and gravels, overprinted by weak soil development (Unit 6A2p): Very pale brown (10YR 7/4); 
indistinctly cross-laminated and channel-fills of granules to fine pebbles; 30-40% detrital, non-ash grains; 
moderately strong effervescence in HCl; stage I carbonate morphology throughout.

Paleovalley margin, sand and gravels (Unit 6A2a): Very pale brown (10YR 7/4); sand is fine- to 
coarse-grained; 3-5% glass shards; weakly indurated and moderately effervescent in HCl.

Paleovalley margin sand and gravels (Unit 6A2b): Sand is fine- to coarse-grained (1% very coarse 
grains); no glass shards; non-indurated and moderately effervescent in HCl.
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@1.1-1.2: White (2.5Y 9/2); 10-25% detrital non-ash grains; weakly effervescent in HCl and weak ped development.  
Ash: White 7.5YR 9.5/1); 1-3% detrital, non-ash grains; sparse medium to coarse sand; sparse 
pebbles(up to 5 cm across) concentrated at base of deposit.

Western stratigraphic section 
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Rio Puerco floodplain sandy channel-fill (Unit 6A4): Abrupt, conformable basal contact. Non-tuffaceous

Rio Puerco floodplain, clayey-silty fine sand (Unit 6A5): Gradational basal contact. Trace gastropods and 1% CaCO3 
nodules

top not shown

Figure 5
Koning et al. 

top not shown

FIGURE 5. Stratigraphic sections of the Lava Creek B ash and surrounding strata. Sections are located on Figure 2 and full descriptions 
provided in Appendix 1.


