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ABSTRACT. This fourth date list for the long cultural sequence in El Mirón Cave (Cantabria, Spain) reports on 19 new 
AMS assays for Solutrean, Initial, Lower, and Middle Magdalenian and Azilian levels, ranging from about 19 to 11 uncali-
brated kyr. Key results are provision of further precision on the transition between the Solutrean and Magdalenian at the end 
of the Last Glacial Maximum and the very exact dating of a Magdalenian human burial and its relationship to both major 
living floors and closely associated rock art in the cave. 

INTRODUCTION

One of the objectives of the El Mirón Cave Prehistoric Project since it inception in 1996 has been to 
date a long series of human occupations in a manner independent of supposedly temporally diagnos-
tic artifacts. A deeply stratified site, this cave is an ideal place in which to study long-term change in 
human adaptations against the backdrop of major Last Glacial and Postglacial environmental chang-
es (Straus and González Morales 2012a). The chronostratigraphic sequence includes levels ranging 
from the late Middle Paleolithic through the early Bronze Age and these now have been dated by 84 
radiocarbon assays—one of the largest series of any single Stone Age site in Spain or even Europe. 
This brief note presents the fourth date list for the site.

El Mirón Cave is located at 260 m asl and is surrounded by ≥1000-m summits in the Cantabrian 
Cordillera in eastern Cantabria Province, some 20 km from the Holocene shore of the Bay of Biscay, 
equidistant between the cities of Santander and Bilbao (Vizcaya). The huge mouth faces due west 
with a commanding view of the upper Asón River Valley and the vestibule is large, dry, and well 
sheltered. Readers are referred to the three earlier date lists published in Radiocarbon and the ref-
erences therein for information on the site and its cultural sequence (Straus and González Morales 
2003, 2007, 2010). These and other cited references can be consulted for an area map, site plan, and 
relevant stratigraphic sections. Radiocarbon is the ideal venue for the comprehensive, standardized 
publication of all the 14C dates from this site.

Excavations in 2010, 2011, and 2013 were focused on the rear of the cave vestibule and on two 
aspects of the stratigraphic sequence: the Solutrean–Initial Magdalenian transition (Straus et al. 
2014a,b) and an extraordinary human burial of Lower Magdalenian age (Straus et al. 2011). The 
timing and nature of the Solutrean–Magdalenian transition (pre- or post-17,000 uncal BP; abrupt 
or gradual) have been the subjects of debate in SW Europe for many decades, especially with the 
recent claims for a widespread Badegoulian technocomplex or tradition interposed between the 
Solutrean and the classic Magdalenian in Spain as well as in France, where it had originally been 
defined. The El Mirón burial is the first Magdalenian interment to be discovered on the Iberian 
Peninsula, although (in line with Magdalenian traditions in France and Germany, as summarized 
by Pettitt [2011]) there is other evidence in Spain of the postmortem manipulation of human re-
mains, including the cranial “cups” found by Obermaier (1924) in the Lower Magdalenian horizon 
of nearby El Castillo Cave in 1911. This burial proved to be pene-contemporaneous with major 
Lower Magdalenian Level 17 and with the decoration of a large block that had fallen from the cave 
ceiling shortly before. Thus, considerable effort was placed in the final excavation campaigns on 
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dating the Solutrean, Initial, and Lower Magdalenian levels in the site, supplementing (and perhaps 
modifying) what was already known and providing a radiometric age for the burial and dates for the 
stratigraphically bracketing levels.

THE NEW DATES

We report herein 19 new dates. They include seven that were run by Thomas Higham and staff at 
the Oxford University Radiocarbon Accelerator Unit at the request of Adrian Lister and Meirav 
Meiri, who did an extensive DNA analysis on red deer from the whole El Mirón sequence to study 
the question of repopulation of northern Europe from an Iberian refugium after the Last Glacial 
Maximum (Meiri et al. 2013). Information on the Oxford laboratory’s ultrafiltration pretreatment, 
target preparation, and AMS measurement methods is published in Bronk Ramsey et al. (2002) and 
Higham et al. (2006). 

Table 1  El Miron Cave radiocarbon date list IV.

Square Level Spit Period
Date (BP) 
 ±1σ Material Lab nr ±1σ cal BP

δ13C 
(‰) C:N

J3 11 AZ 11,785 ± 55 Bc OxA-22087 13,720–13,550 –19.7 3.2
J4 11.1 AZ/UM 11,205 ± 55 Bc OxA-22088 13,130–13,020 –19.7 3.3
J4 13 MM 14,930 ± 70 Bc OxA-22089 18,270–18,040 –19.2 3.2
H3 17 LM 15,610 ± 90 Bc OxA-22093 18,950–18,760 –20.2 3.1
W7 105 7 MM? 13,490 ± 40 Bc UG-9286 16,320–16,140 –19.0
W7 105 7 MM? 14,720 ± 40 Tc UG-18525 17,840–18,000 –18.5 3.4
V7 104 4 MM 14,120 ± 35 Tc UG-15261 17,280–17,070 –18.8
U8 110 18 LM 14,760 ± 70 Bc* OxA-22091 18,070–17,860 –20.6 3.2
U8 110 18 LM 14,795 ± 75 Bc* OxA-22092 18,110–17,890 –20.5 3.2
W8 110 LM 16,520 ± 40 Bc UG-10628 20,040–19,840 –21.0
T8 112 26 LM 15,430 ± 75 Bc OxA-22090 18,780–18,610 –20.1 3.5
U10 117 base IM 17,240 ± 40 Bc UG-15180 20,880–20,690 –19.9
U10 119 41 IM 17,230 ± 40 Bc UG-15182 20,870–20,680 –20.6
U10 119.2 base IM? 17,620 ± 40 Bc UG-15181 21,430–21,190 –20.0
V10 127 15 Sol 19,230 ± 50 Ch UG-7216 23,300–23,020 –24.5
X7 503.1 5.1 LM 15,120 ± 40 Ch UG-7799 18,460–18,310 –23.3
X7 504 7 LM 15,740 ± 40 Bc UG-7217 19,040–18,900 –22.8
X7 504 LM 15,460 ± 40 hBc MAMS-14585 18,790–18,670 –22.8 3.2
X6 505 4 LM 15,670 ± 40 Ch UG-15183 18,960–18,840 –24.3
Notes: Bc: bone collagen; hBc: human bone collagen; Tc: tooth collagen; Ch: charcoal; *: same bone. All dates were 
determined by AMS and calibrated using the IntCal13 calibration curve and OxCal v 4.2 software (Reimer et al. 2013; 
Bronk Ramsey and Lee 2013). Squares H3, J3, J4 are in the outer vestibule Cabin area; T8, U8, U10, V7, W7, and W8 
are in the vestibule rear Corral area; X6, X7 are in the Burial area behind the engraved block contiguous with the Corral.

Eleven assays were run by Alexander Cherkinsky at the University of Georgia Center for Applied 
Isotope Studies. The bone was cleaned by wire brush and washed, using an ultrasound bath. After 
cleaning, the dried bone was gently crushed to small fragments. The crushed bone was treated with 
1N HCl at 4°C for 24 hr. The residue was filtered, rinsed with deionized water, and under slightly 
acid condition (pH = 3) heated at 80°C for 6 hr to dissolve collagen and leave humic substances in 
the precipitate. The collagen solution was then filtered to isolate pure collagen and dried out. The 
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dried collagen was combusted at 575°C in an evacuated/sealed Pyrex™ ampoule in the presence of 
Cu. The resulting carbon dioxide was cryogenically purified from the other reaction products and 
catalytically converted to graphite using the method of Vogel et al. (1984) (A Cherkinsky, personal 
communication, 27 August 2013).

Finally, bone collagen was extracted with ultrafiltration (as described by Talamo and Richards 
2011) from a human fibula by Sahra Talamo in the Department of Human Evolution of the Max 
Planck Institute for Evolutionary Anthropology and then dated at the Klaus-Tschira AMS facility of 
the Curt Engelhorn Center in Mannheim at the request of Svante Pääbo. A C:N ratio is available for 
only one of the University of Georgia dates. All the assays were done by accelerator mass spectrom-
etry (AMS). The results, including δ¹³C and C:N values, are presented in Table 1.

The dates from Levels 11 and 11.1 in the Outer Vestibule confirm the dates run earlier by Cher-
kinsky from Level 11.1 and from Level 102.1 at the Vestibule Rear. They also square with what is 
known generally now throughout the Cantabrian region about the gradual, mosaic-like transition 
between the Final Magdalenian and the Azilian (an Epi-Magdalenian industry) at between around 
12–11.5 uncal kyr (Fernández Tresguerres 2007). The presence of simplified stone tool assemblag-
es, including backed micropoints and thumbnail endscrapers (plus an ochre-stained cobble in Level 
11.1), fit perfectly with the dates, although the lack of either round- or flat-section antler harpoons 
really makes specific normative cultural attributions for Levels 11.1 and 11.2 (or 102.1) problematic 
(González Morales and Straus 2012). The dates from Levels 13, 105, and 104 correspond to the 
Middle Magdalenian of Cantabrian Spain and the adjacent French Pyrenees (González Sainz and 
Utrilla 2005). However, none of these levels at El Mirón is well endowed with artifacts and clas-
sic diagnostics of the Middle Magdalenian (proto-harpoons, perforated effigies of horse or caprine 
heads cut out of hyoid bones, decorated and perforated disks cut out of flat bones) are lacking and 
there are no lithic fossil directors for this phase. The dates at least confirm that the cave continued to 
be utilized by humans on a more sporadic, limited basis than had been the case with the intensive, 
frequent, multipurpose residential occupations of the Lower and Initial Magdalenian. Levels 106–
104 are discontinuous, rather indistinct (and thus difficult to follow laterally) ,and possibly disturbed 
(by rodents and/or running water?), thus perhaps explaining the apparent stratigraphic incoherence 
of the dates. This new pattern of human use of El Mirón, established in the Middle Magdalenian, 
continued in the Upper Magdalenian and Azilian and became even more ephemeral during the 
Mesolithic time range (9–6 uncal kyr), when the cave was only occasionally visited, presumably by 
people who were living around the Río Asón estuary, where there are several shell midden sites. A 
peculiar fact about Levels 104–105 is that they yielded several loose human teeth, two of which are 
among the specimens reported here: a deciduous premolar from 104 and a canine from 105. These 
are clearly unrelated to the partial human skeleton that was found in an adjacent area of the cave 
vestibule rear, but stratigraphically lower and dated to about a millennium earlier (see below).

Lower Magdalenian-age dates are the most abundant ones from the entire site, with rich occupation 
layers in the Outer Vestibule (especially Level 17) and Vestibule Rear (Levels 116–109), as well 
as traces of human activity in the Inner Cave and on the ramp connecting the Vestibule and Inner 
Cave. Now there is a fourth area pertaining to this period of major use of the cave during the late 
Oldest Dryas (late Greenland Stadial 2): a human burial whose bones are stained with red ochre 
and placed in sediments stained with red ochre (Level 504) in a hollow between an angle of the 
cave wall and a ~2-m-long roof-fall block. The burial layer is also overlain and underlain by Lower 
Magdalenian levels (503.1 and 505, respectively). The new Level 17 date confirms an age averaging 
about 15.5 uncal kyr, with a total of five similar dates from this flat, massive, but rapidly formed 
horizon replete with fire-cracked rock-filled hearths, masses of ibex and red deer remains, lithic 
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knapping debris and stone tools, antler points, bone needles, perforated ungulate teeth, and red deer 
scapulae striation-engraved with images of animals—an absolute diagnostic of this Magdalenian 
phase in Cantabria (González Morales and Straus 2009; Nakazawa et al. 2009). In contrast, Level 
110 in the Vestibule rear poses a dating dilemma. There are two statistically identical OxA dates of 
14.8 uncal kyr on the same bone from square U8 and two very similar dates of 16.1 and 16.5 uncal 
kyr (the first a conventional assay; the second by AMS—both run by Cherkinsky at Geochron Labs 
and Georgia, respectively) from squares V8 and W8 (i.e. 1–2 m to the east and upslope from the U8 
dates). The latter pair of dates are on samples collected adjacent to and directly under the engraved 
block, respectively. The possibility exists that a combination of the fall of the block and the struc-
tural slope that exists in the vestibule rear translated to a miscorrelation during excavation between 
what was originally defined as Level 110 against the face of the block (which may have significantly 
depressed the sediments upon which it had landed) and the layer further west, from which the U8 
bone had been recovered. At any rate, the block seems to have fallen soon after about 16.5 uncal 
BP per the UG-10628 date. Another OxA date on bone from Level 112 in square T8 would seem to 
confirm the pattern of some younger dates west of the block (as also seen in two previously reported 
Level 111 dates from squares V8 vs. U7—older to the east, younger to the west).

Immediately east of the block the sequence of levels above, in and below the human burial is dated 
quite coherently and entirely relates to the Lower Magdalenian (as confirmed by the characteristic 
antler point types, core-scrapers, abundant backed bladelets and microlithic triangles) (Straus et al. 
2011). Overlying Level 503.1 was dated on charcoal from a hearth atop the burial to 15.1 uncal kyr; 
a human fibula in Level 504 was dated to 15.5 uncal kyr; the ochre-stained backfill (Level 504) of 
the artificial pit and/or enlarged natural basin in which the corpse (now represented by ~100 ochre-
stained human bones, not including the skull) had been buried yielded a date of 15.7 uncal kyr on an 
animal bone; and immediately underlying Level 505 also provided a date of 15.7 uncal kyr. Prob-
ably the burial pit/basin was partially dug into Level 505 and then was filled with material derived 
from it and Level 504, together with hematite ochre powder and chunks. The adjacent eastern face 
of the block next to the burial was also stained with red ochre and probably the western face was 
engraved at about this time (García Díez et al. 2012). All of this seems to have happened relatively 
quickly after the block fell. El Mirón was the scene of a gamut of human activities during the classic 
Cantabrian Lower Magdalenian between about 16–14.5 uncal kyr, including tool manufacture, car-
cass butchery, marrow and grease extraction, cooking, (presumed) clothes and moccasin fabrication 
and sewing, ornament-making, art, rituals, and burial. This wealth and diversity of activities mirrors 
what was going on during the same period at major hub or base campsites on or at the edge of the 
coastal plain, such as Altamira and El Juyo in Cantabria or Santimamiñe in Vizcaya (Straus and 
González Morales 2012b).

The nature and timing of the transition between the Solutrean and Magdalenian technocomplexes 
has been the subject of debate for many years and has notably focused on the stratigraphic sequences 
in La Riera and Las Caldas Cave (Asturias) since the late 1970s (Corchón 2005). At issue is whether 
the classic Solutrean hunting technology (leaf-shaped and shouldered stone points, often made with 
invasive retouch) was abruptly replaced by a totally new (and perhaps nonlocal, i.e. French) “cul-
ture” (sometimes called the Badegoulian or Magdalenian 0), or whether there was more gradual, 
in situ change, but with basic continuity of peoples, adaptations ,and technologies, including both 
large, archaic-looking sidescrapers, denticulates and notches, and backed bladelets and other Upper 
Paleolithic-type implements and certain classes of osseous artifacts such as centrally flattened antler 
points and bone needles. The latter scenario is envisioned as a process of “desolutreanization” in 
which the classic stone points were still present, but were becoming rarer. El Mirón Levels 127–122 
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are clearly attributable in the normative sense to the Solutrean, given the relatively large numbers of 
various kinds of laurel and willow leaf, concave base, and shouldered points (almost all fragments) 
found therein. Among the new dates is one from the lowest of these levels (127): 19.2 uncal kyr. 
Previously, the overlying Solutrean levels had been coherently dated between 19.0–18.4 uncal kyr. 
New dates were run on overlying levels 119.2 (base), 119, and 117 (base) to try to resolve seeming 
inconsistencies among the earlier series of dates from the levels immediately above the Solutrean 
sequence. The new date for the base of Level 119.2 (in contact with the uppermost Solutrean layer) 
is 17.6 kyr (20.7 cal BP), whereas the original date from a bit higher up in 119.2 is 16.3 uncal kyr. 
On the other hand, the new date for Level 119 (17.3 uncal kyr) is close to the original date (17.0 un-
cal kyr), and the new date for the base of Level 117 (17.2 uncal kyr) is congruent with the original 
date for the middle of the level (17.1 uncal kyr). While the very small lithic assemblage from Level 
121 and the assemblages from 119.3–119.1 (a series of pit fills) lack Solutrean points, there are two 
in Initial Magdalenian Level 119. Similarly, in a deep 1-m2 test pit in the center of the Mid-Vestibule 
Trench, the lowest level reached (313) was previously dated to 17.4 uncal kyr, but lacks Solutrean 
points, possibly as a consequence of the small area sampled. In terms of macroliths, microliths, and 
osseous artifacts, there are many similarities between assemblages normatively labeled as Solutre-
an and Initial Magdalenian (Straus et al. 2014a,b), but without evidence of an abrupt replacement 
of one culture or people by another, despite the undoubted existence of social contacts between 
Cantabrian Spain and Pyrenean France in this period, which would intensify (or at least become 
even more manifest) in the Middle Magdalenian. It is possible that there was a depositional hiatus 
between Levels 121 and 119.3 with several “missing” centuries.

In sum, El Mirón Cave, in addition to containing an invaluable sequence of well-dated residential 
levels pertaining to the early and late Cantabrian Neolithic, Chalcolithic, and early Bronze Age, now 
has a full and extraordinarily thoroughly (and generally coherently) dated series of Initial, Lower, 
Middle, and Upper Magdalenian layers (including a rare human burial), bracketed below by a series 
of Solutrean levels (and discrete dated evidence of earlier Gravettian and Mousterian visits to the 
cave) and above by Azilian and Mesolithic ones. This record is rivaled by the classic (but early 
excavated) regional sites of El Castillo and Isturitz, but few others. 
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