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ABSTRACT

The Clovis First theory suggests that big game hunters peopled the Americas about
12,800 years ago by way of a land bridge, Beringia, with a very distinct Clovis
technology. For a while, almost every archaeologist believed this to be true, but some
kept looking for different possibilities. This theory has since been refuted due to an
increasing number of older sites. Since the Clovis theory has been proven incorrect, there
has been a lot of controversy in the archeological world over how the Americas were first
occupied. Different archaeologists have spoken up about new theories of how the
Americas could have been peopled, but a majority of these theories have been unable to
find a connection to Clovis. In order to support a theory, archaeologists must look at all
sorts of evidence, such as artifacts, sites, or DNA. DNA is probably the most influential
evidence because it gives direct information. Today, we can look at modern Native
Americans' DNA to see who their lineage could be linked to. The most common descent
found has been Siberian and Asian through haplogroups A, B, C, D, and X, but there is
an anomaly that is haplogroup X2a. The haplogroup is found on the Eastern part of
America and the Western part of Europe; this proposes that the Solutrean population
could have gradually sailed across the Atlantic and populated the Americas. This paper
will look at this phenomenon and how it connects to the Solutrean hypothesis by
discussing the Solutrean and Clovis technologies, looking at some relevant sites, and
analyzing the data of haplogroup X2a. The evidence presented produces the conclusion
that the Solutrean hypothesis provides the most reasonable explanation for the origin of
Clovis, yet this does not necessarily disprove other route theories. A clearer

understanding of the peopling of the Americas will come from continuing research.
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I. Introduction and Background

Since the 1930s, the Beringian land bridge hypothesis has been the most widely
accepted migration route for the human entry into the Americas (Land Bridge Theory).
This theory proposes that people came to the Americas via a land bridge that emerged
between Siberia and Alaska during the LGM. The bridge "formed when Ice Age sea
levels dropped during the buildup of the continental glacier" (Bradley et al 2004). The
hypothesis also suggests that early people waited until the glaciers between “the Arctic
and the rest of the Americas” diverged, creating an ‘ice free corridor’ for them to travel
southward (Bradley et al. 2004: 460). Put simply, a small ancient group crossed this land
mass and spread throughout the Americas. This small group were known as the Clovis
culture and initially arrived in North America around13,000 years ago (Smallwood et al
2014: 2). This view, that Clovis was the first culture to inhabit the Americas, was
challenged in the 1950s. Archaeological excavations across the country demonstrated
there were people at least 1,000-2,000 years before Clovis (Smallwood et al 2014).
Recent studies have shown that the “ice free corridor" would not have been a viable route
for migration until 12,600 years ago (Pedersen at al 2016). Thus, it cannot explain the
arrival of the earliest population. While evidence for older populations predating Clovis
continues to be found (Collins et al 2013), Clovis technology is still used as a benchmark

for comparative purposes (Smallwood et al 2014: 3; Ardelean 2014).

The Solutrean Hypothesis

With the rejection of the Beringian land bridge hypothesis by the majority of

researchers, archaeologists have proposed several new hypotheses on how the Americas



were populated. One of the most controversial of these is the Solutrean Hypothesis (Hall
2000). This hypothesis contends that during the Late Glacial Maximum (LGM), a small
group of Solutreans travelled across the Atlantic sea ice to eastern North America,
carrying with them technology of the Solutrean culture. The causes of this include the
fact that during the LGM temperatures dropped "8—15°C below present-day values"
(Brewster et al 2014). This formed an “extension of land-based ice sheets” over much of
Northern Europe, while the Atlantic Ocean was covered with sea ice for the majority of
the year (Brewster et al 2014; Bradley et al 2004). Although some would argue that the
LGM climate was not as stable as proposed resulting in "irregular seasonal patterns of sea
ice formation and fragmentation" (Phillips et al 2014). This change in the climate and
environment forced animal populations to migrate southwards and toward the coasts and
in turn human populations would have followed. The fauna during this time were moved
to this extremely cold sub-Arctic sea environment, so it would be reasonable to form a
hypothesis that the Solutrean culture, located mostly in the southwestern part of France
and northern Spain, followed these fauna and started exploiting the mammals living on
the ice-covered sea. If they were to have exploited these oceanic fauna, particularly the
grey seal, those of the Solutrean culture would have been able to make it to the Americas
by travelling across the Atlantic ice-edge corridor (Bradley et al 1998). This proposed
Atlantic-Ice Crossing has been hypothesized to have been achieved between 22,000 and
17,000 BP (Oppenheimer et al 2014). Bradley and Stanford have argued that the purpose
behind the Solutrean Hypothesis is to "propose an alternative hypothesis of early human
entry into the Americas and to stimulate research" (Stanford et al 2013). Since there is no

known explanation of how people populated the Americas, it is necessary to look at all



the possibilities because the origin of a country is valuable to those that live within it. It is
important to note that the possible evidence to back these claims may have been "along
the now deeply drowned shoreline where marine mammal-hunting peoples might be
expected to be found” (Bradley et al 2006). If the Solutrean culture made it to eastern
America by following the migration of the seals, researchers could start to explain the
origin possibilities of the haplogroup X2a, which is a restricted to present day Native

Americans (Reich et al 2012).

One of the major pieces of evidence presented by Stanford and Bradley is the
similarities between the Clovis and Solutrean technologies and some cultural aspects.
Clovis technology is found only in the Americas. An example of this is that Clovis points
exhibit overshot flaking, which thins the projectile point. Overshot flakes remove "part of
the edge opposite the platform" (Stanford et al 2012: 270) by striking a flake off that
travels across the width of the point. The Solutrean population also uses this overshot
method. This particular technique takes an immense amount of skill to master (Stanford
et al 2012). As such, it seems to be less likely that these techniques would have
developed independently (Stanford et al 2012: 149-150). Some archaeologists point out
that there are other cultures that used overshot flaking (Straus et al 2006), but no other
cultures besides the Solutrean and Clovis used this technique intentionally (Bradley et al
2006). When overshot flaking is found in other cultures it usually occurs from a mistake
during manufacturing (Bradley et al 2006). Another important feature within Clovis
technology is the presence of a fluted base; it is original because Clovis formed the flute
basally as opposed to from the side (Bradley et al 2004). These two populations also

share similar pre-core shaping. Clovis technology has more in common with Solutrean



technology than any other Asian technology (Bradley et al 2004). Due to this, Stanford
and Bradley assert that the similarities could be much more than a coincidence. Although
critics argue that there are a "large number of differences between Solutrean and the
American assemblages" (Straus et al 2006). In contrast, Stanford and Bradley state that if
Clovis was formed by a "very specific subset of the Solutrean" they could have
developed different features from those Solutreans that did not cross the sea (Reich et al

2012).

Not only do the Solutrean and Clovis populations share similarities in
technologies, but they also share some cultural aspects. One distinct feature of Clovis that
is also found in the Solutrean was their occasional use of exotic materials. They would
use material such as "bone, antler, and ivory tools" (Stanford et al 2012: 247). Clovis and
Solutrean also exhibit caching behavior (Bradley et al. 2004). They are the only "two
more-than13,000-year-old archaeological cultures" to bury "extremely well made
bifaces" (Stanford et al 2012). It has been discussed that both cultures' artifacts possibly
had "non-utilitarian purposes" and that the manufacturing of them could have been for
"symbolic and ritual meaning". While these similarities could be viewed as nothing more
than that, the evidence could also be seen as showing a clear indication of the Clovis

population descending from the Solutrean (Stanford et al 2012: 177).

DNA Concepts

Before discussing the archaeological and genetic evidence, it is important to
outline some basic information concerning DNA. DNA stands for deoxyribonucleic acid;

the major function of this is to store genetic information (Hoefnagels 2015: 36). The child



inherits this genetic information from their parents. The DNA being discussed in this
paper is mitochondrial DNA (mtDNA) (Brown et al 1998). mtDNA is found in the
mitochondria within cells (Genetics Home Reference 2017). mtDNA is inherited along
the maternal line. For example, if researchers look at a person's genetic history, the
nuclear DNA would have come from many men and women while the mtDNA would
have been passed down the maternal line (Groleau 2002). Because of this, it is much
easier to look at the long-term ancestry of a population through mtDNA. Another
necessary aspect to consider are mutations; they take time to accumulate. This means that
if there are many mutations found on one person's DNA and not that many found on
another's, the person with more would have been from an older population (Hoefnagels

2015: 274).

One important line of evidence to consider is DNA. A haplogroup is "a genetic
population or group of people who share a common ancestor"("International Society of
Genetic Information"). Restriction Fragment Length Polymorphism (RFLP), is a way to
detect the differences within DNA fragments which helps determine a distinction
between particular groups (Reilda et al 2003). Through extensive RFLP analysis it was
discovered that there were probably four main founding mtDNA haplogroups of the
Americas. These haplogroups are labeled as: A, B, C, D (Reilda et al 2003; Brown et al.
1998). These haplogroups account for 97% of the modern Native American population
(Brown et al. 1998). Haplogroups A, B, C, and D are all found in the “ancient Siberian
mitochondrial gene pool” along with some forms of group X (Forstere et al. 1996).
Although the modern Native Americans are closely related to this Siberian population,

there is a haplogroup that cannot be accounted for in this region of the globe. That group



is called X2a, and it is found in Native American populations near the Great Lakes region
and in European populations around Western Eurasia (Brown et al 1998; Oppenheimer et
al 2014). However, this particular group is nearly absent in Eastern Eurasia. A question
arises from this information; where did this mtDNA X2a haplogroup come from, and

how did it get into the Americas?

Site Evidence

If Native Americans located in the northeast of America share haplogroup X2a
with Western Eurasians, what are the possible routes for its arrival in the New World.
There are three sites in particular that help support a Solutrean group coming to the
Americas and passing on their unique stone manufacturing to Clovis (Stanford et al

2012).

The following few sites are on the east coast and could be some of the first sites
where the Solutreans began their transfer of information to Clovis. The first site that
Stanford and Bradley address when discussing this particular route is Meadowcroft
Rockshelter. Although these site’s dates have been criticized (Adovasio et al 1990), the
oldest date that can be matched with human occupancy is between 13,955 and 14,555
years ago (Adovasio et al 1990). The next site to consider would be Cactus Hill. This site
has been dated to around 15,000-18,000 14CBP. Finally, the Page-Ludson site has been
dated to around 14,345 14CBP. These dates are all extremely important in supporting the
possible route from Western Europe (Stanford et al 2012). The reason is that these dates
bridge the gap that some critics argue refute the whole Solutrean hypothesis. According

to Jelinek, the Solutrean population could not be related to Clovis because there is a



6,000 year difference (Bradley et al. 2004). The Solutrean population is estimated to have
lasted between 22,000 and 16,500 BP (Bradley et al 2004), while Clovis in the Americas
dates between 13,200 and 12,900 BP (Bradley et al 2004). These sites help bridge the
gap in the missing years argument. Not only do these sites help close the gap, but they
also show possibilities of there being a transitional period from the Solutrean culture to
Clovis. At these sites, there were pre-Clovis artifacts found. This could possibly mean
that the unique technologies of the Solutrean went through a transitional period before
becoming Clovis technology (Bradley et al 2004). Critics of this hypothesis argue that the
evidence demonstrates similarities but that this does not mean the two are related and
until there is more concrete proof the argument stated above will remain unconvincing

(Straus et al 2006).

Finally, The Cinmar boat discovered a "bifacially flaked, bi-pointed stone blade"
off the east coast. It has been recorded that a fisherman pulled up this bi-point along with
parts of a mastodon, which was later tested to be around 22,760 +/- 90 RCYBP, Radio
Carbon Years Before Present. Those who study the Solutrean Hypothesis find this
discovery to be further support, but others think there are holes in this argument. While
the point found may be similar to distinct points of the Solutrean culture, some
researchers have argued that the bone is dated to be 2000 years earlier than the
establishment of the Solutrean culture in Europe (Eren et al 2015). Although this
evidence could help support the hypothesis, further research is necessary to confirm its

true age.

While the sites above have been used to support the hypothesis, there are a
number of early sites that challenge the Solutrean Hypothesis.
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Sites that challenge the Solutrean Hypothesis have DNA evidence, but that does
not necessarily mean that the sites completely refute the route. The first site to look at is
the Anzick site on the west coast in Montana (Rasmussen et al 2014). At this site, a
child's skull was discovered near Clovis antlers. The skull was dated at about 14C
12,707-12,556 BP while the Clovis antlers were dated at 14C 13,039-12,763 BP
(Oppenheimer et al 2014). The other site is located in Oregon at Paisley Caves which is
also located on the west coast. Here, coprolites were discovered along with non-Clovis
materials. Radiocarbon dating on the coprolites dated them to around 14,500 BP, which is
older than Clovis (Bradley et al 2004). Finally, the Washington site, again on the west
coast, that produced the skeleton known as Kennewick Man must be noted. The remains
were dated to 8,690-8,400 cal yr BP (Raff et al 2015). It is important to note that these
are the only sites presented that have direct DNA evidence, but only one of the sites has a
connection to the Clovis technology. The DNA discovered will be discussed further in

the following section.

DNA Evidence

Haplogroup X first emerged around 30 kya spreading widely (Reilda et al 2003;
Fernandes et al 2012; Sarac et al 2014) and originated in the Near East (Sarac et al 2014;
Fernandes et al 2012). Haplogroup X2 expanded during or after the LGM (Sarac et al
2014). Although, if it expanded after the LGM the connection with the Solutrean
population is lost because the proposed migration occurs during the LGM. This group is
spread geographically wider than Haplogroup X1, but it shows up in lower frequencies
(Sarac et al 2014). X2 is found in Northern Africa and Western Eurasia, while it is rarely

recorded in Eastern Europe, Central Asia, Siberia, and India (The Arabian, Raff et al
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2015; Reilda et al 2003). There are two places that seem to exhibit higher frequencies of
X2: the Orkney Islands near Scotland and Drunze, Syria (Raff et al 2015; Sarac et al
2014). The Orkney Islands are clearly located in Western Eurasia, while Drunze is on the
west side of Syria. X2a's presence in Scotland may be related to the migration of X2a in
Northern Europe, but modern genetic populations aren't the same as ancient genetic
populations. A major mutation that is found in an overwhelming majority of European X
haplotype is 225A (Derenko et al 2001; Fernandes et al 2012). This mutation is an
important part of haplogroup X and will be discussed briefly later. The presence of X2,
which is the "mother" X2a, in more Western areas than Eastern raises questions. If an
Eastern group founded haplogroup X2a, wouldn't the maternal group show up more?
Although this is puzzling, the near absence of X2a in the east does not necessarily
confirm the Solutrean hypothesis. There is an exception to the absence of X2 in the East.
A southwestern Siberian population called Altaian exhibit this haplogroup thus giving
argument to those that refute the Solutrean Hypothesis (Reilda et al 2003; Raff et al

2015).

Derenko et al. (2001) conducted a study on Asian populations where they
searched for haplogroup X. They screened 790 individuals from 10 aboriginal Siberian
populations. What they found was a 3.5% frequency of X in the Altaian people. During
the study, the researchers found through RFLP that the Altaian haplogroup X did not
exhibit the major marker for the group, 225A (Derenko et al 2001). Another study found
that 3 out of 14 Native Americans tested had mutation 225A (Derenko et al 2001;
Fagundes et al 2008). The absence of this mutation in the Alatian population presents an

argument that their population and, more broadly, the Eastern Asian population in general



could not be related to the Native American haplogroup X2a, but this argument would
not be too convincing since this variant is only present in some Native Americans.
Instead, this data suggests that there is missing information. Since some of the Native
Americans did have the mutation 225A, a conclusion could be made that "intermediate
lineages have been lost" (Derenko et al 2001; Fagundes et al 2008). While some may
argue that there is simply a gap in the genetic data that would otherwise clearly present a
linear descent from Western Europeans to Eastern Asians to the Native Americans, others
would state that "the few Siberian X lineages that have been identified are not plausible
ancestors" to the Native American haplogroup X2a (Fernandes et al 2012). The Altaian
population's haplogroup X appeared <6,700 years ago (Reilda et al 2003). This age is so
much younger than X2a that it is difficult to suggest an ancestral connection between the
two. X2 appearing in the Southern Siberain Altai people is "more likely explained by

recent gene flow from Europe or from West Asia" (Raff et al 2015; Reilda et al 2003).

Through high-resolution RFLP analysis, it was discovered that some of the Native
Americans and about 4% of Europeans had an mtDNA that did not fall into the
haplogroup A, B, C, or D. The group that was found in common with these two
populations was X2. Brown et al. (1998) formulated a study of 36 people in order to
further study this information. The researchers used RFLP and CR sequence analysis to
study the haplogroup X. While looking at the 22 Native Americans and 14 Europeans,
they found that the mtDNA between the two populations were related, but the relation
was very old. It was found that about “25% of the Ojibwa, 15% of the Sioux, 11-13% of
the Nuu-Chah-Nulth, 7% of the Navajo, and 5% of Yakima” tribes had the haplogroup

X2a. The study concluded that the only credible explanation for the date found is that
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West Eurasians came to the Americas by following the Atlantic because of the lack of
evidence in Asian cultures. The reason for this is that the Native Americans that were
used in the study were all in the north-east region of America. If there is a connection
between Western Eurasia and the north-east of America, and the population diverged a
long time ago it is reasonable to conclude that the way this particular haplogroup got to
America was by the method proposed by the Solutrean hypothesis. The authors of the
paper suggest that the haplogroup X2 might have been a minor founding population to

the Americas along with the major four A, B, C, or D (Brown et al. 1998).

It is worth noting that there are three proposed criteria that a founding lineage
must meet in order for it to be considered a major founding lineage. The first criterion is
the American sequence should be connected to an Asian ancestor. With this being said,
there is no way that the haplogroup X2 could be a major founding lineage since it is
connected to European populations because it is not found in Asia. Second, a founding
sequence must “occupy central branching nodes in phylogeny” (Forester et al. 1996).
Finally, a major founding sequence must be widespread, and the derived sequences
would have a limited distribution. The haplogroup X2 is not widespread, but that does not
mean it cannot be a minor founding haplotype. It is stated that these criteria do not apply

to possible minor founders (Forester et al. 1996).

As discussed in the site evidence section, the Anzick site supports a route theory
other than one involving the crossing of the Atlantic. The DNA evidence found supports
a gene flow, which is the movement of genetic material between populations, from Asia
into North America (Eren et al 2015; Understanding Evolution Team 2017). The flow

was from a Siberian population found at Mal'ta into Native American ancestors
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(Rasmussen et al 2014). This evidence supports a migration route from Asia, along the
Pacific coast and into North America. Though the DNA did not point towards a European
population, it does not contradict an Atlantic route possibility. When researchers tested
Anzick-1's DNA, many looked at the boy as a link to Clovis, but this is debatable. Since
they were both discovered at the same site in Montana, it was assumed that they had to be
related, but the dating contradicts this argument. The dates discussed earlier present a
large gap in time. Some have argued that the bone rods could have been an artifact passed
down in the family, but there is not enough information to support or refute this idea. The
minimum difference between the two remains found is 56 years while the largest is 483
years (Oppenheimer et al 2014). While some argue that this refutes the Solutrean

hypothesis, the data found only supports a later arrival from Asia.

Even though this study does not refute the Solutrean Hypothesis, there are other
DNA studies that clearly support an out of Siberia hypothesis like the Beringia land
bridge. DNA evidence from Paisley Caves in Oregon supports a route from Siberia.
Archaeological excavations at this site found human coprolites. After testing the
coprolites, haplogroups A2 and B2 were found. These particular mtDNA groups are
found in Siberian and Asian populations today which support the Asian decent
hypothesis. This information supports a route from Siberia, but this site is not relevant to
any hypotheses surrounding Clovis because the cave did not yield any Clovis
technologies. From the information that has been discovered at this site, one could not
disprove the Solutrean hypothesis. Instead, it suggests that there is more than one route

that the first people of the Americas took (Bradley et al. 2004).
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Another thing to consider when discussing genetics is the possibility of
admixture. There is a complication in studying Native American genetic history due to
the possibility of "admixture with European and African immigrants since 1492" (Reich
et al 2012). Although this is a viable concern, pre-European remains such as Kennewick
Man provide evidence of X2a being in the Americas before the "result of post-1492
admixture" (Raff et al 2015). However, the presence of X2a in the Kennewick Man does
not necessarily suggest a "trans-Atlantic gene flow" (Raff et al 2015). Kennewick Man is
currently the "most basal lineage of X2a yet identified", and the remains "give no
indication of recent European ancestry and moves the location of the deepest branch of
X2a to the West Coast" (Raff et al 2015). The problem with this is that X2a formed
around 14,200- 17,000 cal yr BP, which leaves a rather large gap for movement across
the country (Raff et al 2015). The Solutrean culture could have come and landed on the
East Coast, then a small group might have traveled to the west while reproducing with
other possible populations at the time thus creating a difference within the DNA. This
would of course need to be tested and studied more. It seems to some that there is "no
compelling reason to think that X2a is more likely to have come from Europe than

Siberia" (Raff et al 2015).

Discussion and Conclusion

After looking over the evidence, one could draw two conclusions. One would be
that Clovis came with the groups that populated America from Siberia. While the other
could be that there was more than one route taken to get into the Americas, and those that
populated from Western Eurasia brought Clovis with them. After looking at all the DNA
evidence, it is apparent that there is a definite lineage from the Siberian population, but

13



the small fraction of people that are part of the haplogroup X2 must be considered. When
looking at the DNA evidence for this portion of the modern Native American
haplogroups, one finds that the haplogroup X2a quite possibly could have descended
from Western Eurasia which poses the question how did they get there. If the Solutrean
population came to America, the shortest route would have been to use the Atlantic
Ocean to get here. All while living off marine animals to which they would have adapted
to. Not only does the DNA evidence need to be considered, but the sites and technologies
as well. The sites presented either support or refute this claim, but the older sites on the
East Coast seem to present questions. Why would there be older sites on the East than on
the West? Are there undiscovered sites? Is there more than one route possible? The
technologies are also extremely important because no Asian technology, thus far, has
proven to be an ancestor of Clovis, and the Solutrean technology seems the most
reasonable. Until there is clear evidence from either side of the argument, all hypotheses

should be extensively tested.

The biggest issue that this information faces is that there still is not enough
evidence to definitively say that there was a viable route taken to populate the Americas
from Western Europe. This topic is important regardless because until someone finds
either Clovis or Solutrean burials, anything can help. In conclusion, there is evidence to
suggest the reason there is a small amount of Native Americans with haplogroup X2a is
that a group of the Solutrean population came on boats from Western Europe and helped
start the population of the Americas. It could also be said that the Solutrean population
transitioned into Clovis. Although the Solutrean hypothesis could have occurred, any

other route hypothesis is feasible as well. The most important thing to take from these

14



data are that research needs to be done with an open mind. Criticism is healthy in order to
spark conversation but rejecting an idea completely could lead to these questions never
being answered. The only way to discover how the Americas were really peopled is

through further research.
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