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Though present before the Last Glacial Maximum, microblade technology is uncommon in the lithic
assemblages of north-central China until the onset of the Younger Dryas (12,900-11,600 calBP). While
it is clear that microblades here and elsewhere were connected with mobile adaptations organized
around hunting, the attendant assumption that they served primarily in hunting weaponry is not. The
archaeological record of north-central China, including excavations at Pigeon Mountain (QG3) and Shui-
donggou Locality 12 (SDG 12) in Ningxia Autonomous Region, and Dadiwan in Gansu Providence, and a
handful of bone/antler tools slotted for microblade inserts, indicate a more direct linkage to mobility.
These data suggest the rise of microblade technology in Younger Dryas north-central China was mainly
the result of microblades used as insets in composite knives needed for production of sophisticated cold
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Clothing weather clothing needed for a winter mobile hunting adaptation akin to the residentially mobile pattern
Binford termed “serial specialist.” Limited time and opportunities compressed this production into a very
narrow seasonal window, putting a premium on highly streamlined routines to which microblade tech-
nology was especially well-suited.

© 2013 Elsevier Inc. All rights reserved.
Introduction as during the LGM both sites and radiocarbon dates are rare. How-

The late Pleistocene featured two severe, cold-dry climatic
downturns, the Last Glacial Maximum (LGM; ca. 24,500-
18,300 calBP) and Younger Dryas (YD; ca. 12,900-11,600 calBP)
that profoundly affected human adaptation in North China. During
the LGM archaeological evidence for human occupation of north-
ern China is scant (Barton et al., 2007) and North China’s earliest
blade-based lithic industry, the Early Upper Paleolithic (EUP) flat-
faced core-and-blade technology best known from Shuidonggou
Locality 1 (SDG1) on the upper Yellow River (Brantingham et al.,
2004), was replaced by a bipolar percussion technology better
suited to lower quality but more readily available raw material
(Barton et al., 2007). The YD was shorter than the LGM, but nearly
as severe (Herzschuh and Liu, 2007; Wunneman et al., 2007), and
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ever, locations abandoned during the LGM, including Shuidonggou
on the upper Yellow River and Dadiwan in the western Loess Pla-
teau (Bettinger et al., 2010a), remained in use during the YD; and
lithic technology, rather than becoming less complex as it did in
the LGM, became more complex, shifting to a more technically
demanding microblade technology, suited to a much narrower
range of much higher quality raw material than had been needed
for freehand and bipolar percussion or even EUP flat-faced core-
and-blade technology. In the minority in pre-YD lithic assem-
blages, microblades and microcores come to dominate the YD
and post YD lithic assemblages of northern China, declining only
after ca. 8000 calBP, even where the requisite raw material is lo-
cally scarce or absent.

The preceding suggests that the behavioral response to the YD
by hunter-gatherers living between the upper Yellow River and
adjacent sandy deserts in the north, and the upper Wei River in
the Loess Plateau in the south (Lu, 1998: Fig. 1), was different
and more successful than that of the LGM. It also suggests that
microblades were central to this difference. Following the lead of
many others (various authors in Elston and Kuhn (2002), Goebel
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Fig. 1. Study region with sites mentioned in text. Note: “Shuidonggou 12" is abbreviated in the text as “SDG12".

(2002), Neeley (2002) and Shott (1986)), we suggest the difference
was chiefly in mobility, specifically that microblade technology
facilitated increased YD mobility. In key respects our argument is
reminiscent of Goebel’s (2002: 123) for a “microblade adaptation”
characterized by greater residential mobility and successive, short-
term targeting of single, large game prey species - the strategy Bin-
ford (1980: 17) termed serial specialist, and which Goebel sees as
permitting the post-LGM recolonization of Siberia and its subse-
quent occupation throughout the YD. Perhaps more than Goebel,
however, we see the settlement difference being greatest in terms
of winter mobility. We argue that: (1) YD hunter-gatherers of
north-central China were serial specialists, more winter mobile
than their LGM predecessors; (2) that this was because LGM hun-
ter-gatherers lacked the gear needed for frequent winter residen-
tial mobility, winter clothing in particular; and (3) that
microblade or microlithic technology (An, 1978; Lu, 1998) was
central to the production of this gear and thus to the emergence
and viability of serial specialists in North China. Along with general
climatic amelioration associated with the Holocene, increasing
sedentism after 8 kya diminished the importance of winter travel
and the microlithic technology needed for the manufacture of fit-
ted clothing (cf. Lu, 1998). We outline this argument below in sec-
tions dealing with the origins, antiquity, and function of
microblade technology by reviewing the archaeology of three sites
with YD microlithic components indicating hunter-gatherer adap-
tation to cold environments. We offer this as a theoretically-in-
formed hypothesis about the evolution of hunter-gatherer
behavior that explains the archaeological data of northern China
(and perhaps elsewhere) better than any alternative. To this end,
we follow our discussion with suggestions for additional research
necessary to evaluate and refine the hypothesis.

The Younger Dryas

Greenland ice records suggest a hemispheric return to glacial
age temperatures ca. 12,900-11,600 calBP (Alley, 2000; Alley
et al.,, 1993; Meese et al., 1997; Rasmussen et al., 2006) while the
Kulishu speleothem record of northern China points to a YD de-
fined by a weakened Asian Monsoon, 12,850 + 40-11,510 * 40 cal-
BP (Ma et al., 2012). Precision dating of the Last Glacial termination
is elusive, particular for localized paleoenvironmental archives,
due in part to limitations of the radiocarbon calibration curve
(Muscheler et al., 2008). What matters most to the current analysis
is broad correspondence between archaeological patterns and the
proxy records of environmental change.

Detailed accounts of the environmental and ecological context
of the Belling Allerod-Younger Dryas—Holocene oscillation pattern
(wet-dry-wet and/or warm-cold-warm) in China can be found
elsewhere (Elston et al., 2011), and are beyond the scope of this pa-
per. In summary, proxy records from lake sediments (Liu X. et al.,
2008c, 2002; Shen et al., 2005), loess deposits (An et al., 1993; Chen
etal, 1997; Madsen et al., 1998; Wang et al., 1999); high-elevation
ice cores (Thompson et al., 1997; Yao et al., 1997), and speleothem
records in southern (Wang et al., 2001; Yuan et al., 2004), central
(Liu D. et al., 2008b), and northern China (Ma et al., 2012) reveal
abrupt changes in patterns of precipitation and/or temperature at
the termination of the Last Glacial. Similar patterns are visible
throughout Central and Northeast Asia (Herzschuh, 2006; Wright
and Janz, 2012).

While it is important to note disparities in the resolution, dat-
ing, proxies, and conclusions derived from each of these studies,
it is clear that paleoenvironmental archives throughout the region
reflect environmental change characteristic of the YD elsewhere,
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and that the timing of this anomaly is approximately the same in
China as it is throughout the northern hemisphere. What is less
clear is the extent to which the anomalies in the proxy data reflect
changes in temperature, precipitation, or the complex interactions
between them (see Peterse et al., 2011).

In the end, both temperature and precipitation affect primary
productivity, which clearly affects hunter-gatherer resource acqui-
sition (see Binford, 2001). Furthermore, few would disagree that
YD climate above 30° Latitude was significantly colder than it is to-
day, and today outdoor winter work in those areas requires sub-
stantial clothing. We do not argue that the YD climate was
unique for its capacity to push foraging groups into novel innova-
tions in technology or behavior. We merely argue that it was cold
and difficult in northern latitudes at that time, and during that
time people solved the problem of winter-time resource acquisi-
tion in a way that they had not during the Last Glacial Maximum.

Microblade origins

The origin and antiquity of microlithic technology in China re-
main controversial (Lu, 1998; Chen, 2004), in large part because
there are very few well-dated, stratified sites. Candidates for the
earliest Chinese microlithic site include Chaisi (Dingcun Locality,
Locality, 77:01), Shanxi Province, dated at 30,600 calBP; Xiachuan,
Shanxi Province, dated from 28,000 to 19,300 calBP; PY03, Ningxia
Hui Autonomous Region, dated at 22,100 calBP; and perhaps Dadi-
wan, Component 4, Gansu Province, dated from 20,000 to
13,000 calBP (IA-CASS, 1983; Huang and Hou, 1998; Kuzmin
et al., 2007; Barton et al., 2007; Bettinger et al., 2010a,b; Elston
et al,, 2011). All four are problematic owing to stratigraphy, con-
text, or sample size (An, 1983; Kuzmin et al., 2007; Elston et al.,
2011). Dadiwan Component 4, for example, shows clear evidence
of stratigraphic mixing; the PYO3 microlithic assemblage is exactly
one microblade core.

Barton et al. (2007) speculate that microblade technology
developed out of the bipolar or so-called flake-and-shatter technol-
ogy that replaced EUP flat-faced core-and-blade technology during
the LGM, which would place its development after ca. 24,500 cal-
BP; this is consistent with evidence that microblades are found
throughout northern Asia (i.e., in Siberia, Mongolia, Japan and Kor-
ea) shortly after the LGM (Bleed, 2002; Elston and Brantingham;
Goebel, 2002; Kuzmin et al., 2007), as well as in Central China,
Northeast China, Northwest China and Qinghai-Tibetan Plateau
(Chen, 2007; Gao et al., 2008a; Yi et al., 2011). While microliths
constitute a minority of the early lithic assemblages (Lu, 1998:
88), they become increasingly common by 15,000 BP (Chen, 2004).

Within this context, this paper presents evidence that the initial
rise in microblade use in North China occurs after 13,000 calBP,
during the YD, from three key sites in west-central northern China:
Dadiwan, Pigeon Mountain and Shuidonggou Locality 12 (SDG 12)
(Fig. 1). The area is generally arid and centrally-located in modern
China, bracketed on the north by the Tengger Desert, on the south
by the Wei River, on the east by the Ordos Plateau and Liupan
Mountains and on the west by the Qilian Mountains. The Yellow
River transects the region, flowing roughly northeast; Pigeon
Mountain and Shuidonggou are within the Yellow River corridor.
Dadiwan is to the southwest, on the deeply incised landscapes of
the Western Loess Plateau. The region is characterized by a long
archaeological record and research history, extending well into
the Lower Paleolithic and to Chardin’s work at the first EUP local-
ities discovered at Shuidonggou, in 1923 (Licent and Chardin,
1925). Subsequent work includes substantial excavations focusing
on the Neolithic components at Dadiwan 1978-1984 (GSWKY,
2006), abundant work on the diverse Late Pleistocene deposits at
Shuidonggou (Gao et al., 2008b; Guan et al., 2011; Liu et al,

2009; Ningxia Museum, 1987; Pei et al., 2012), survey and excava-
tion focused on identifying Late Pleistocene and Early Holocene
adaptations in the Tengger Desert and Yellow River Corridor (Bett-
inger et al., 1994; Elston et al., 1997, 2011; Madsen et al., 1996,
1998), and extensive survey and excavation work by our team on
the Western Loess Plateau, including re-excavation of Dadiwan,
from 2004 to 2009 (Barton, 2009; Bettinger et al., 2010a,b; Morgan
et al.,, 2011; Zhang et al., 2010).

The microlithic at Dadiwan

Bettinger et al. (2010a,b) report a six component cultural se-
quence for the Dadiwan site in Gansu (see also Barton, 2009; Zhang
et al., 2010). The cultural deposit here is 10 m deep and contained
in a series of sedimentary loess and loessic paleosols that docu-
ment human occupation of the site from before 80,000 calBP to
the middle Holocene (Table 1). The assemblages dating before
the LGM are characterized exclusively by large quartz flakes and
shatter and by small quantities of large mammal bone. Relevant
to the current discussion are: LGM Component 3 (33,000-
20,000 calBP), during which the site was largely abandoned; Com-
ponent 4 (20,000-13,000 calBP), in which microlithics first appear
in a lithic assemblage dominated by a hard-hammer, flake-and-
shatter (macrolithic) technology using locally abundant massive
quartz; and Component 5 (13,000-7000 calBP), in parts of which
microlithics briefly dominate before largely disappearing in Com-
ponent 6 (7000-5700 calBP) (Bettinger et al., 2010a: Fig. 3).

The Dadiwan microlithics are extremely small; microblades
average only 9 mm in length, and microblade cores are less than
half the size of ones reported elsewhere in North China (Bettinger
et al.,, 2010b), suggesting that the fine-grained cryptocrystallines
from which they were made were locally scarce, possibly even ab-
sent, within the Loess Plateau. This would seem to make Dadiwan,
and the western Loess Plateau in general, an unlikely place for the
origin of microblade technology, the necessary raw material being
so scarce. The likely source for the technology, the raw material,
and the peoples connecting the two is 330 km to the north on
the upper Yellow River and adjacent deserts, where the requisite
raw material is more readily available and microlithic technology
(unrepresented in the SDG1 and SDG2 EUP assemblages) appears
sometime after the LGM but clearly before the YD, as shown at Pi-
geon Mountain (see Elston et al., 1997) (see Table 2).

The microlithic at Pigeon Mountain

QG3 (also called the Four Springs Site) is located in Pigeon
Mountain Basin, Ningxia Hui Autonomous Region, flanked to the
east by the upper Yellow River and west by the Tengger Desert/
Shamo (Elston et al., 1997, 2011; Madsen et al., 1998). QG3 is strat-
ified, permitting Elston et al. (1997) and Madsen et al. (1998) to di-
vide the assemblage into two components: Sand I dating from
14,977 to 13,480calBP, and Sand Il dating from 11,948 to
11,641 calBP. The temporal gap is the result of erosion reflecting
the severely cold-dry YD, not necessarily an occupational hiatus.
Two quite different lithic technologies are present. What is called
“macrolithic technology” consists of percussion flaked cores, bifa-
cial and unifacial tools made on metamorphic greenstone, quartz-
ite and fine-grained sandstone stream pebbles and cobbles. The
microlithic technology includes microblades, microblade cores,
and microlithic tools mostly made on crypocrystallines. Ground-
stone celts and milling equipment are few, and the milling equip-
ment is tentatively associated with Sand I. Evidence for a major
shift to microlithic technology is unequivocal (Table 2). Whereas
the products of microlithic technology are in the minority in the
earlier Sand I assemblage before the YD erosional episode (21%),
they dominate the Sand II late-YD assemblage (68%).
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Table 1

Frequency distribution of lithics and ceramics by component at Dadiwan, western Loess Plateau, Gansu (Bettinger et al., 2010a: Table 1). Note: LGM (Component 3) densities
(specimens per m?) are lowest in sequence, suggesting the site was essentially abandoned. Microlithic tools, cores, and debitage dominate some but not all Component 5 lithic
assemblages. Component 5 corresponds to Dadiwan I (Laoguantai culture), Component 6 to Dadiwan II (Late Banpo) in the published Dadiwan site report (GSWKY, 2006).

Component 1 2 3 4 5 6 All
Approximate age kcal BP 60.0-42.0 42.0-33.0 33.0-20.0 20.0-13.0 13.0-7.0 7.0-5.7
Late Yangshao Sherds ) . " " ) 18 .07
Late Banpo Sherds .02¢ .02 .51 .19
Dadiwan Sherds .022 11 12 .09
Microlithic tools, cores, and debitage 122 .16 .38 .02 .20
Macrolithic tools, cores, and debitage 1.00 1.00 .88 .80 .48 17 .46
Total (accommodating rounding errors) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Specimens (#) 31 72 25 261 756 624 1769
Specimens (# per m?) 10.2 36.2 8.1 54.9 1243 273.7
@ Stratigraphically out of place; see Bettinger et al., 2010a.
T <.01.
Table 2
Frequency distribution of lithics by component at Four Springs (QG3), Pigeon Mountain Basin, Upper Yellow River, Ningxia (Elston et al., 1997: Table 1).
Sand I Sandi/Il Sand II Total
15.0-13.5 calBP 12.0-11.6 calBP
Microcores .02 .02 .02 .02
Microblades .05 .02 35 22
Microlithic debitage .14 .03 31 22
Macrolithic debitage .79 93 32 .53
Total (accommodating rounding errors) 1.00 1.00 1.00 1.00
Specimens (#) 199 98 425 722
Table 3
Preliminary analysis of SDG12 lithic assemblage.
Category/type Stratigraphic level Total
1 2 3 4 5
Chipped stone (freq.)
Used/retouched flake .09 .05 .05 .04 .04 .05
Microblade core .03 .00 .02 .01 .01 .01
Microblade .20 .04 .14 18 .23 18
Polyhedral core .00 .00 .01 .01 .01 .01
Debitage .68 .89 .76 73 .69 73
Bipolar cores and flakes <.01 .01 .02 .02 .02 .02
Total (accommodating rounding errors) 1.00 1.00 1.00 1.00 1.00 1.00
Specimens (#) 90 230 1960 2897 2098 7275
Ground stone (#)
Axe/celt 1 1
Milling stone 1 1
Pestle 1 1
Whetstone 1 2 3
Unidentified fragments 1 2 3 4 10
Specimens (#) 1 3 4 8 16
Miscellaneous stone (#)
Hammerstone 7 2 3 12
Manuport 13 10 23
Perforated disk 1 1
Specimens (#) 7 16 13 36

The microlithic at Shuidonggou 12 (SDG12)

SDG12 was discovered in 2005 as a locally oxidized band of
ashy, charcoal-rich midden, approximately 50 m long and a meter
thick (maximum thickness = 1.6 m), exposed in a cutbank in the
second terrace (T2) floodplain deposit of the Biangou River, Ningxia
Hui Autonomous Region (Liu D.C. et al., 2008a). The site is about
60 km northeast across the Yellow River from QG3, and like QG3
is flanked by the Yellow River on one side (in this case the west)

and by desert (in this case the Mu Us) on the other. Radiocarbon
and OSL dating place the SDG12 occupation between 12,200 and
11,000 calBP (Liu D.C. et al., 2008a; Pei et al., 2012)." Excavation
of 12 m? of the deposit produced more than 7000 pieces of chipped
and ground stone (Table 3) that investigators divided into horizontal

! Pei et al. (2012) report the lone radiocarbon date from SDG12 incorrectly. Liu
et al.,, 2008 provide a conventional age of 9797 + 91 rcybp, based on the 5568 half life;
Pei et al. present the calibrated age as uncalibrated and then calibrate that.
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levels 1 (youngest) through 5 (oldest), which show only minor differ-
ences in composition. While the age span reflects differences be-
tween the two dating methods, the large instrumental error
inherent to OSL, and the radiocarbon calibration offset for the Termi-
nal Pleistocene, SDG12 is essentially a single YD component. Preli-
minary analysis of the lithics, and more detailed treatments in
preparation, in press, or published by other scholars permit the fol-
lowing brief summary.

The SDG12 assemblage

The assemblage is indisputably microlithic; chipped stone ac-
counts for more than 99% of the cultural assemblage, microblades
and microblade cores for nearly 20% of that (Fig. 2, Table 3). At least
some of the larger microblades are unilaterally backed, resembling
the microblade inset in the knife from the Shangzhai site. The bulk
of the remaining chipped stone includes small, angular cores (1%)
and chipping waste (73%) that are likely byproducts of microblade
manufacture. Raw materials are the same and the non-microblade
cores are of roughly the right size and display multiple abortive at-
tempts to produce the platform-core face configuration necessary
for microblade production; however, these and the bipolar cores
may have also been used to generate expedient flake tools, lightly
used or retouched examples of which make up about 5% of all
lithics.

There are no formal (i.e., extensively shaped or retouched)
chipped stone tools. In contrast, the much smaller groundstone
assemblage (n = 16) includes formal plant processing and wood-
working tools (Table 3). Like the ground stone assemblage, the
worked bone assemblage, while not extensive, includes more for-
mal tools than the much larger chipped stone assemblage, includ-
ing large- and small-eyed bone needles (indicating use as sewing
implements [Hoffecker, 2011]) and at least one tabular knife han-

Fig. 2. Microblade cores and preforms (A), and microblades (B) from Shuidonggou
12.

dle unilaterally slotted to accept microblades, similar in morphol-
ogy to an example from Xiliang and in both morphology and
decoration to examples from Dadiwan discussed below (Figs. 3
and 4). Not shown in Table 3 are more than 13,000 pieces of
fire-cracked rock attesting to significant levels of stone boiling
(Gao et al., 2009), possibly with skin containers. The faunal assem-
blage (Zhang et al., n.d.) is dominated by hare (Lepus sp., 57.4%) and
Przewalsky’s gazelle (Procapra przewalskii, 22.2%), with much
smaller numbers of buffalo (Bubalus sp., 6.8%), badger (Meles meles
(5.7%), horse (Equus przewalskii, 2.9%), cervids (Cervidae, 1.0%), pig
(Sus sp., .03%), and unidentified birds (2.9%). This distinctive faunal
assemblage furnishes important clues about the function of SDG12
and the role of microblade technology in the subsistence-
settlement system of which it was a part.

Activity at SDG12

The dominance of hare in the SDG12 assemblage has parallels in
the Siberian “microblade adaptation” (Goebel, 2002: 126), but ana-
tomical and behavioral similarities between the SDG12 leporids
and the North American black-tailed jackrabbit (Lepus californicus),
and between Przewalsky’s gazelle and the North American prong-
horn (Antilocapra americana), suggest a more specific resemblance
between SDG12 and North American Great Basin sites used for late
prehistoric—ethnographic communal game procurement (e.g., Ark-
ush, 1995; Frison, 1971; Lubinski, 1999, 2000).

L. californicus was the single most important source of skins
used in Great Basin clothing (Steward, 1938: 38), the chief purpose
for their procurement, (Steward, 1940:220), which was necessarily
communal, typically with nets, both to obtain the requisite num-
bers and because the species neither burrows nor keeps to set
trails, making trapping ineffective. The Tolai Hare (Lepus tolai) in
the Shuidonggou area today shares key characteristics with L. cal-
ifornicus (e.g., non-burrowing, Smith et al., 2008: 291-292), and it
is reasonable to assume they, too, would have been most effec-
tively taken by communal drives, possibly with nets.

Important for meat as well as hides, the North American prong-
horn was likewise more effectively taken communally. Staying to
open ground made it difficult to approach, and its tendency to
run rather than hide, and unwillingness to jump even low fences,
made it susceptible to communal drives using v-shaped wing traps
leading to low-fenced corrals (Steward, 1940: 218-220). Nearly
identical in size, and in Przewalsky’s own words, “marvelously
swift,” Przewalsky’s gazelle displays the pronghorn’s preference
for open ground, for running to avoid predators (Leslie et al.,
2010: 133), and hesitance to jump fences much over 1 m high,
which would have made it susceptible to communal drives into
brush or log corrals or perhaps into the Biangou River itself. Mass
(and presumably communal) capture of similar animals (Gazella
subgutarosa) in the Near Eastern steppe zone (Bar-Oz et al., 2011)
provides a sound prehistoric analog for the strategies visible at
SDG12.

Implications of the SDG12 assemblage

What is perhaps most interesting about SDG12 is the connec-
tion between its chipped stone and faunal assemblages, which sug-
gests that the major function of microblades in YD north-central
China was less in weaponry than in butchering and craftwork -
the manufacture of clothing specifically. To see this, note first that
the bulk (80%) of the SDG12 faunal assemblage is hare and gazelle,
whose procurement would not have required sophisticated weap-
onry. Hare were likely taken in nets, dispatched with sticks or
clubs. Gazelle may have been killed with clubs, spears, darts, or ar-
rows, but if corrals or pounds were used, or the Biangou River as a
water barrier, any shooting would have been point blank at ani-
mals having almost no possibility of escape, so even primitive ver-
sions would have sufficed. Sophisticated and costly composite
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Fig. 3. Decorated bone knife handle slotted to accept microblades from Shuidonggou 12. Specimen is similar in shape, and presumably function, to those found elsewhere in
northern China, during and after the Younger Dryas, and similar in decoration to slotted knives from Dadiwan (Fig. 6). Inset on upper right magnifies a section (indicated by
the two white dots) of the carefully incised decoration running both faces along the back margin of the knife.

Fig. 4. Bone needles and stitching awl from Shuidonggou 12.

projectiles fitted with microblade insets would not have been re-
quired, nor are any represented in the (admittedly small) worked
bone assemblage. Despite this, the chipped stone assemblage is al-
most entirely microblades, microblade cores, and byproducts of
microblade manufacture. Note further that more than half the fau-
nal assemblage is a species (hare) likely more important for its skin
than its notoriously lean meat (Speth and Spielmann, 1983), and
that the only SDG12 implement unequivocally connected with
microblade use is a knife type perfectly suited to butchering and
hide-cutting. That eyed needles are present, along with immense
quantities of boiling stones (Gao et al., 2009) as would be needed
were the inhabitants rendering grease not only for food but for tan-
ning (Hatt, 1969: 14-15), completes the case that the principal
activity at SDG12 was the production of sophisticated, fitted cloth-
ing from scratch in a location where groups could converge to ob-
tain both the necessary skins and the stone suitable for making the
microblades needed to fashion those skins into clothing.

While the absence of features (other than ill-defined charcoal
concentrations perhaps representing fires) suggests the SDG12
occupation was short-term, probably seasonal, it was no minor
undertaking. The heavily altered SDG12 cultural deposit and den-
sity of tools and debris demonstrate significant investment in pro-
ducing what was presumably winter clothing, which we speculate
was central to a YD adaptation akin to what Binford (1980: 16-17)
called “serial specialist” - groups relying on mobility rather than

storage to solve the overwintering problem in cold, highly sea-
sonal, fuel-poor environments.

Microblade function

That microlithic technology develops on the upper Yellow River
during the YD suggests a functional response, microlithic technol-
ogy solving some problem (or exploiting some opportunity) that
arose with the cold-dry YD deterioration of the north-central Chi-
na environment (Herzschuh and Liu, 2007; Wunneman et al.,
2007). This, along with the northern distribution of microblade
technology in China (Gai, 1985: Fig. 12.3; Lu, 1998: Fig. 1) and east-
ern Eurasia more generally (Hoffecker, 2005: 111), suggests the
connection has to do with adaptation to cold, arid environments.
The nature of this connection, however, is as problematic as those
of microblade origins and chronology.

Microblades obviously served multiple purposes (Dixon, 2010;
Elston and Kuhn, 2002). However, that so many microblade-users
depended so much on hunting has magnified the perception that
the main function of microblades was in hunting weapons - as
spear, dart, and arrow point side- and end-blade insets (e.g., Elston
and Brantingham, 2002: 104; Elston et al., 2011), and the compan-
ion perception that Dixon’s (2010: 79) “exacto” knife functions -
for butchering, hide cutting and trimming, and other delicate craft-
work (e.g., Maxwell, 1984: 365), were “add-ons” insufficiently
important individually or collectively to warrant investing in
microblade technology. While the case for use as weaponry insets
is clear — especially from Siberia (e.g., Bazaliiskii, 2010: Fig. 3.6),
that the weaponry function was universally dominant is not, at
least in part because many northeast Eurasian microlithic assem-
blages (e.g., Dyuktai) contain chipped stone projectile points, sug-
gesting that while microblade-inset weapons may have been
superior, stone-only points offered a reasonable, probably cheaper
alternative (Yi and Clark, 1985).

Chinese examples of composite, microblade-edged weapons are
almost exclusively from the northeast, mainly from the Xinglong-
wa site. These are mainly bone harpoons, commonly with three
or more barbs carved on one side and a groove on the opposite
to accept microblade insets, presumably for fishing (ZSKYNMG,
1985, 1997). One unusual example is bilaterally barbed on the low-
er section and bilaterally grooved for microblades above that (Guo,
1995). The Xinglongwa composite tool assemblage includes at
least a one bilaterally grooved spear point, presumably for terres-
trial game (ZSKYNMG, 1997). This slotted-bone assemblage dates
broadly to 8300-7200 calBP (based on a recalibration of charcoal
dates printed in Shelach, 2000:371).

Functional evidence of microblade use in craftwork, at least in
northeast China, is shown by a bone knife unilaterally grooved to
accept microblades from the Xiliang site, Xiaohexi culture, a Xin-
glongwa progenitor, ca. 8500 calBP (Liu, 2007: 40). A similar uni-
laterally slotted knife, but fitted with one complete, rather large
microblade (not with microblade segments), one edge backed by
bifacial retouch, is attested at the somewhat later Shangzhai site
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in Pinggu, Beijing, ca. 7600-6600 calBP (Cui et al., 2010: Fig. 1). In
north-central China this craftwork function is the only one repre-
sented, by tabular bone knife handles from the early and middle
Neolithic levels at Dadiwan (approximately 7900-6000 calBP),
decorated and unilaterally slotted to accept microblade segments
(GSWKY, 2006: 236, 237), and the similarly decorated and slotted
specimen from the YD site of SDG12. Slightly younger (~4500 cal-
BP) and more elaborate are two examples from the Yuanyangchi
site in Gansu: composite knives with flat bone blades with micro-
blade insets attached to separate bone handles (GSBWG, 1974).

While the Dadiwan composite microblade knives could have
had many uses, that eyed sewing needles are among the earliest
Dadiwan bone implements (Dadiwan I or Laoguantai Phase, ca.
7900-7200 calBP)(GSWKY, 2006: 59), suggests that fitted clothing
played a critical role in that likely very mobile and hunting-ori-
ented early Neolithic adaptation (Barton, 2009; Barton et al.,
2009) as well, raising the possibility this sort of craftwork was
the key function of Dadiwan’s composite microblade knives, in-
deed Dadiwan microblade technology in general, there being no
evidence for microblade use in other capacities, such as edging
weapons. The results of excavations conducted in 2007 at SDG12
on the upper Yellow River, roughly 370 km north of Dadiwan,
add credence to the hypothesis that the main function of YD micro-
blade technology in north-central China was in the production of
sophisticated winter clothing.

Serial specialists

Serial specialists play almost no role in most discussions of the
“forager-collector continuum”, in large part because the serial spe-
cialists of ethnography defy the otherwise positive correlations be-
tween latitude (i.e., temperature, ET) and hunter-gatherer storage
and sedentism (Fig. 5A and B), the otherwise negative correlation
between latitude and residential mobility (Fig. 5C), and between
residential mobility and technological sophistication and tool cura-
tion. Low latitude (<307, i.e., warm environment) foragers tend to
be highly mobile, using year-round residential mobility to counter
resource shortages that are primarily spatial, moving as needed to
resources available throughout the year. Low resource demand and
relatively steady (i.e., year round) resource supply favor simple,
generalized, and often expedient, forager technology. In contrast,
mid-latitude foragers (30° > latitude > 60°) tend to be more win-
ter-sedentary. They use logistical mobility and storage to counter
resource shortages that are more seasonal than spatial; collectors
employ sophisticated technology to acquire and store in bulk
warm season resources for use in winter, when few are available.
High latitude (latitude > 60°, i.e., cold environment) hunter-gather-
ers face this same “overwintering problem” in much more extreme
form, but solve it not by storing warm season resources (to which
they would then be tethered), but with specialized technology and
winter residential mobility, repositioning themselves to exploit
prey that have themselves solved the overwintering problem.

At most places above 60° latitude it is evidently either impossi-
ble or uneconomical to acquire and store enough warm season re-
sources to support sedentary winter settlements, leaving as the
only alternative a pattern of winter mobility in pursuit of large,
fat-rich prey - for inland folk chiefly large-bodied ungulates. On
this view, serial specialists combine the mobility of Binford’s forag-
ers and the technological sophistication of Binford’s collectors. Se-
rial specialization places significant demands on subsistence
technology (e.g., weaponry) to counter winter subsistence risk,
but even greater demands on technologies (including clothing)
connected with mobility, which is even more critical than subsis-
tence technology in countering winter subsistence risk. As low lat-
itude foragers show, it is more expedient to solve spatial resource

incongruities (i.e., local resource shortfalls) by residential mobility
than by technological intensification: it is easier to find a better
place to hunt than a better weapon to hunt with. Steegman et al.
(1983: 349) make this point for the Northern Algonkians - that
their entire boreal forest adaptation hinged on mobility, which
hinged in turn on key technologies: toboggans, snowshoes, tents,
and clothing (Steegman, 1983: 257; Steegman et al., 1983: 324-
328).

Discussion

It has been clear for some time (e.g. Elston et al., 1997) that
while microblades may have been around in north-central China
since at least the LGM, they become prominent (i.e., chipped stone
technology becomes “microlithic”) only much later, with the YD.
This sequence suggests a stronger connection between micro-
blades and mobility than between microblades and hunting. If
microblades were only (or mainly) for edging weapons, their rise
to YD dominance would suggest an equally dramatic rise in hunt-
ing, making it difficult to understand why a much more demanding
microblade technology would develop to facilitate the much less
important pre-YD hunting. In any event, the SDG12 assemblage
is at odds with the idea of a hunting shift. No more or less abun-
dant than in pre-YD assemblages (e.g., QG3), formal plant process-
ing tools suggest a continued dietary importance of YD plants, and
there is no evidence for hunting of a sort that would require micro-
blade production (i.e., of weaponry insets) on anything like the
scale in which they occur. A shift to serial specialist provides a bet-
ter explanation.

Like low latitude foragers, serial specialists are frequently on
the move, which limits both the amount of gear they can carry
and the time they can invest in making it. Unlike low latitude for-
agers, however, serial specialists require a variety of sophisticated
technological adaptations. In this respect they more closely resem-
ble mid-latitude collectors, but moving more often and being less
centrally tethered, they generally cannot devote whole seasons of
“downtime” to craft production as collectors do. Instead, serial spe-
cialists are frequently forced to accomplish significant amounts of
craftwork in relatively short periods of time. Microblade technol-
ogy is admirably suited to such streamlined mass-production,
and this is exactly what the SDG12 record indicates. The intensity
with which SDG12 was used and the emphasis on communal pro-
curement suggests a fairly short-term occupation by groups that
probably operated independently during the rest of the year, al-
most certainly during the winter. SDG12 was most likely occupied
immediately before that in connection with a seasonal “gearing
up” for winter, perhaps equivalent to the ethnographically re-
corded “sewing camps” of the Copper Inuit (Damas, 1972: 13, 25,
26) and Netsilik Inuit (Balicki, 1970: 54-55).

Suggestions for future work

Terminal Pleistocene, early Holocene hunter-gatherer research
in China is still in its infancy: very few surveys have been con-
ducted, few stratified sites have been recorded and even fewer
have been excavated, dated, or studied extensively. Shortcomings
in the data likely reflect the limited nature of the sample. We hope
the following outline will help to guide future research regarding
chronology, tool function, and settlement patterns.

Chronology

Over the whole of northern China perhaps a dozen cultural sites
have radiocarbon age estimates that fall within the YD (see Barton
et al.,, 2007; Elston et al., 2011); perhaps a dozen more (including
Dadiwan) might be attributed to that range based on other chrono-
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Fig. 5. (A) High latitude hunter-gatherers are less storage dependent than mid-latitude hunter-gatherers. Dependence on storage first increases, then decreases, with latitude.
Data provided by Keeley’s (1995) sample of 96 hunter-gather groups as measured by Keeley’s variable STOR: a six-level categorical scale of storage dependence, ranging from
0 (no storage) to 5 (storage of staples in surplus). Trend line is second order polynomial. (B) High latitude hunter-gatherers are less sedentary than mid-latitude hunter-
gatherers. Sedentism first increases, then decreases, with latitude. Data provided by Keeley’s (1995) sample of 96 hunter-gatherers as measured by Keeley’s variable STAY: a
measure of sedentism, expressed as the total and longest stay (in months) in a winter or dry season camp or village. Trend line is second order polynomial. (C) High latitude
hunter-gatherers are more residentially mobile than mid-latitude hunter-gatherers. Number of residential moves per year as a function of latitude in 254 Northern
Hemisphere hunter-gatherers (Binford, 2001). Mobility first decreases, then increases with latitude. Trend line is second order polynomial.

stratigraphic methods. More than anything, the paucity of evidence
reflects a lack of interest in terminal Pleistocene, early Holocene
archaeology and not, as some would have it (e.g. Kennett et al.,
2008) a reduction in human populations during the YD. Indeed, if
summed probability distributions of calibrated radiocarbon age
estimates suggest anything about the probability of finding archae-
ological sites, whether by human demography or archaeological
visibility, the YD is better represented than the preceding
Bolling-Allered warm phase, and about as well represented as
the succeeding early Holocene (see Barton et al., 2007: Fig. 3). Still,
the small sample size, and the lack of precision age estimates for
them, makes it impossible to evaluate the early YD extirpation
hypothesis proposed for North America (Kennett et al., 2008), or
any other finely-tuned argument about the correlation between
human culture and environmental change. More surveys, more
sites, more excavations, and more dates are necessary to create
the sample required to do so. This echoes conclusions made previ-
ously for Northeast Asia as a whole (Wright and Janz, 2012).

Tool function
Though recent studies have employed use-wear analysis to re-
veal the function of chipped-stone tools from YD components in

China (Zhang et al., 2009), to date we lack direct evidence for the
use of microlithic tools in hunting, processing, manufacturing, or
any other tasks. If the current hypothesis is correct, use-wear anal-
ysis should reveal patterns of butchery, skinning, cutting of tanned
hides (shaping; cutting eye holes for needles), cutting of sinew and
other cordage, and preparation of other (namely bone) tools such
as needles, awls, and hafts necessary to the manufacturing enter-
prise. At site types other than the pre-winter “sewing camp,” these
and other activities, including the use of microblades for hunting,
should also be visible in use-wear patterns, the relative frequency
of which should index the function of the site, and in concert with
other data, the season of its use (see below).

The current hypothesis contends that microblade technology
was well-suited to most of these tasks, which is precisely what
made it so valuable: a limited number of raw material blanks could
serve a maximal number of functions. It enables a wide range of
application with limited raw materials, and therefore limited bag-
gage. Use-wear patterns, for example, should further reveal micro-
blades hafted in slotted bone or antler handles, exposing only a few
millimeters depth of cutting surface - indeed, if the average micro-
blade from Dadiwan (see Bettinger, et al., in press) were slotted
into one of the many handles found at the site, roughly 1.5-
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Fig. 6. Slotted bone handles from Dadiwan (redrawn from GSWKY, 2006), fitted with microblades based on the average dimensions of 27 microblades found at the site
(Bettinger et al., in press): 9.13 mm in length (std = 1.56 mm), 3.64 mm in width (std =.55 mm), 0.94 mm in thickness (std =.34 mm). Note: marginal decoration on
specimens illustrated on the upper left, lower right, and lower middle, similar to slotted knife from SDG12 (Fig. 3).

2.0 mm of edge would be exposed (Fig. 6). This is sufficient for cut-
ting thin hides from deer or rabbit; thicker hides could be cut with
multiple passes of the knife. Hafting blades in a protective handle
leaving only millimeters exposed would maintain a sharp cutting
edge while minimizing breakage. This further suggests that such
tools were used for cutting hides or sinew strips, which are charac-
teristically thin, rather than for butchering meat, which is much
thicker.

Settlement patterns

Much of this hypothesis is about seasonal variation in human
activity. Currently, archaeological data are too thin to evaluate set-
tlement patterns during the termination of the Last Glaciation
quantitatively. Known sites in our study area may reflect different
phases of the settlement system. Though we do expect the pre-
winter aggregation camps (e.g. SDG12) to be more visible, better
preserved, and marked by deeper, denser anthropogenic debris
than mobile short-term winter or summer camps, the latter may
still appear. Indeed, we suggest that Dadiwan’s terminal Pleisto-
cene, early Holocene component may be an example of this. If so,
use-wear on the Dadiwan microblades should a reveal a higher
proportion of hunting, butchering, and/or food processing activi-
ties than at SDG12. The faunal assemblage should reflect seasonal
access to migratory game (namely cervids and bovids), and possi-
bly local suids. Anthropogenic deposits should be thin in testament
to the mobile pattern of residency. If the depositional context per-
mits, isotopic analysis of dental increments (e.g. Koch et al., 1989;
Stutz, 2002) should reveal homogenous patterns of capture: we
suspect winter or late spring. Finally, as additional stratified sites

become available, we expect the patterns of animal exploitation
to reveal different phases of a highly scheduled settlement-subsis-
tence system finely tuned to regional variations in resource abun-
dance conditioned primarily by the movements of animals.

Conclusion

Evidence suggests that the connection between microblades
and the YD hunting adaptation in north-central China is less about
weaponry than the production of sophisticated clothing needed to
make winter mobility and hunting feasible. Winter sedentism does
not entirely eliminate, but substantially relaxes, clothing require-
ments; fires and well-built and well-positioned shelters provide
sufficient protection. Tethered to their cold-season stores, the win-
ter-sedentary Great Basin Shoshone used as their chief piece of
clothing a simple rabbit skin blanket (Steward, 1938: 38; Yoder
et al., 2004). In contrast, the winter-mobile Cree-Ojibwa fashioned
hare into parkas, hoods, mittens, and leggings (Rogers, 1963: 70,
71-72). The Fuegean example shows it is possible for well-condi-
tioned adults to move short distances in extreme cold without fit-
ted clothing, but longer trips would have been extremely difficult
(and likely impossible) for children (Steegman et al., 1983: 323,
332-335). Pre-LGM peoples of north-central China may have been
winter-sedentary, as Goebel (2002: 123) hints for pre-LGM Siberi-
ans, and for this reason unable to weather LGM climatic deteriora-
tion. Alternatively, they may have been winter-mobile but lacked
the technology needed to bring this off during the more severe
LGM winters, this capability arising only with the development
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of sophisticated winter clothing and the microblade technology
essential to its production.

It is important in closing to make our argument very clear. We
do not argue that microblades were not used as weapon insets
(clearly they were), or that microblade technology did not origi-
nally develop for this purpose (clearly it might have). We merely
argue that the YD ascendance of microblade technology in north-
central China is the result of its importance in craftwork essential
to a highly mobile, serial specialist lifeway, the production of cloth-
ing in particular. While microblades were multifunctional, this
much is certain: of the very few microblade-edged tools known
from north-central China all are knives, none are points. If micro-
blades were mainly for weapons it should be the other way around.
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