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The historical credibility of texts from the Bible is often debated
when compared with Iron Age archaeological finds (refs. 1,2 and
references therein). Modern scientific methods may, in principle,
be used to independently date structures that seem to be men-
tioned in the biblical text, to evaluate its historical authenticity.
In reality, however, this approach is extremely difficult because of
poor archaeological preservation, uncertainty in identification,
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scarcity of datable materials, and restricted scientific access into

well-identified worship sites. Because of these problems, no well-

identified Biblical structure has been radiometrically dated until

now. Here we report radiocarbon and U-Th dating of the Siloam

Tunnel®', proving its Iron Age II date; we conclude that the
Biblical text presents an accurate historic record of the Siloam

Tunnel’s construction. Being one of the longest ancient water
tunnels lacking intermediate shafts''2, dating the Siloam Tunnel

is a key to determining where and when this technological
breakthrough took place. Siloam Tunnel dating also refutes a
claim' that the tunnel was constructed in the second century BC.

The Siloam Tunnel carries water into ancient Jerusalem from the
only perennial spring of the region, the Gihon (Fig. 1). This tunnel
has attracted the attention of many scholars, who have yet to solve
some of its mysteries®'*. Most scholars ascribe the Siloam Tunnel to
King Hezekiah (727-698 Bc), following the biblical verses (2 Kings
20:20, 2 Chronicles 32:3,4) narrating that this Judahite king con-
structed a waterwork that “brought water into the city”. In addition
to the biblical record, the Siloam Tunnel’s association with Hezekiah
also relies on the palaeography and philology of the monumental
Siloam inscription found close to the Siloam Tunnel’s outlet (refs
14, 15 and references therein). However, the name of King Hezekiah
is not mentioned in the inscription, unlike other monumental
inscriptions of the Levant, which often praised monarchs for their
architectural achievements. If the assumed date of the inscription is
correct, it can still be argued that the inscription could be a later
copy of a literary narrative, such as the ‘Chronicles of the Kings of
Judah), so the Siloam Tunnel itself may be older than the inscription.
Such a view could be supported by the unique style, differing from
most other North-Semitic inscriptions'®. According to ref. 13, a

SR67
Siloam Pool

Figure 1 Location map. a, Plan of the Siloam Tunnel (Long. 35.17°; Lat. 31.68°) with the
location of dated samples. Scale bar, 50 m. Circle, plant fragments within plaster, dated
by 14C AMS; triangle, spelecthem sample dated by 2*°Th-2%* thermal fonization mass
spectrometry, WS, Warren Shaft. b, Relation of the Siloam Tunnel (hold line) to the
topography of Jerusalem and the present city walls. The Siloam Tunnel conveyed the
watsr of the Gihon Spring into the Siloam Pool within the original core of Jerusalem.
Contours are 10m (vertically) apart. Scale bar, 500 m.
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Figure 2 Typical layering in a core drilled at the bottom of the Siloam Tunnel. Scale bar,
5cm. Layer a, silty tufa; layer b, young black plaster; layer ¢, intermediate coarse plaster;
d, limestone clast; layer e, the lowest plaster termed ‘ancient plaster’, in which a

piece of wood is shown (black); layer f, limestone bedrock. Note that no deposit exists
between the ancient plaster and the bedrock.

much later date should be assigned to the inscription and the Siloam
Tunnel: about the second century BC, and the Siloam inscription
cannot serve as a cornerstone for dating other inscriptions, because
it was never dated independently. “Attempts to reconstruct the
history of Hebrew scripts can only be based upon texts whose dating
can be established other than by palaeography”’?. Other scholars'®
discredited the proposed late age of the Siloam Tunnel, but both
sides of the debate relied on the inscription text itself, failing to
produce any independent dating. Most scholars believe that inde-
pendent dating of the Siloam Tunnel is impossible because the
tunnel was cleared of debris during the early twentieth century?, so
it does not contain any artefacts that can be dated by classic
archaeological methods.

We overcome this difficulty by dating artificial and natural
materials incorporated within the tunnel walls, ceiling and floor,
which constrain the age of the Siloam Tunnel. During our geological
mapping of the tunnel some of our work focused on an important
feature (previously documented in ref. 3) that the Siloam Tunnel
was originally cemented with plaster covering its floor, walls and
occasionally ceiling. This material had been applied to the rock-cut
limestone and dolomite surface of the Siloam Tunnel to seal it and
to avoid the loss of water through fissures. Such fissures in the
bedrock above and within the Siloam Tunnel allow dripwater to

enter the tunnel and deposit calcite speleothems (flowstone and
stalactites). We have drilled and obtained core samples from these
materials, and classified them according to field relations as well as
petrographic, geochemical, scanning electron microscopy (SEM),
X-ray diffraction (XRD) and isotopic analyses, performed at the
Geological Survey of Israel laboratories'.

The plaster of the Siloam Tunnel varies in thickness from about 1
to 20 cm. In a typical core we distinguish a silty tufa veneer covering
three varieties of plaster (Fig. 2). We refer to the stratigraphicalty
oldest variety as the ‘ancient plaster’ (AP)". The ancient plaster is a
very fine hydraulic lime plaster, composed of a recarbonated lime
(CaO) binder with a filler of soil, chips of marl, organic materials
and bone fragments, as well as rare charcoal and ash. Shrinkage
cracks and oval vugs are abundant and are now filled with acicular
crystals of aragonite. XRD and SEM also reveal the presence of bone
apatite, traces of the rare carbonate vaterite and zoned isotropic
peloids containing amorphous varieties of CaAl-silicates with fibres
of ettringite. The low firing temperature, absence of pottery shards
and the relatively high content of clays and phosphorus clearly
distinguish the ancient plaster from younger plasters in the water-
works. The chemical and petrographic characteristics of the ancient
plaster indicate that the source rock for lime manufacture was
probably the phosphorus-rich marly chalk occurring in Senonian
formations on the hills east of Jerusalem. The marly and organic-
rich nature of this chalk imparted upon the plaster its natural
hydraulic characteristics. This plaster is generally covered by
younger plasters or by a lamina, about 2-4 cm thick, of silty tufa
and siltstone deposited from the spring waters flowing along the
Siloam Tunnel. The siltstone is quartzose with some feldspar and
abundant heavy minerals (magnetite, ilmenite, amphibole, garnet
and zircon). It is derived by the erosion of a sandy unit intercalated
with the local carbonate rock.

We drilled 15 holes through the Siloam Tunnel’s floor, evenly
distributed along the entire length of the tunnel. None of them
encountered evidence of a sedimentary layer between the ancient
plaster and bedrock. Because clastic and chemical sediments were,
and are to this day, deposited from waters of the spring, their
absence beneath the ancient plaster indicates that a natural water
conduit was not present along the bottom of the Siloam Tunnel
before the application of the ancient plaster. It also indicates that
plastering took place soon after construction of the tunnel. Plaster-
ing of ancient waterworks has been a well-known technological
practice in the region''®.

We have recovered from the ancient plaster fine plant fragments
that are extraordinarily well preserved. Two samples were radio-
carbon dated at the Oxford University accelerator mass spec-
trometry (AMS) facility by its standard procedure'. After
correction for isotopic fractionation with the use of measured
5'2C, and based on the *C half-life of 5,568 yr, the conventional
dates for the ancient plaster organic materials are 2,620 = 35yr BP

Table 1 Radiogenic isotopic data and ages of Siloam Tunne! (ST) and the bottom of Warren Shaft (WS)

Fleld no. Laboratory no. Sample description 3'3C 4G date {yr BP) Calibrated age, 1o range

SR53* OxA-8522 Piece of wood, ST -26.0 2,620 = 35 822-7968C

SR61* OxA-8523 Short-lived plant, 8T -28.0 2,505 = 35 790-760; 690-540 BC

SR110* OxA-8990 Piece of wood, ST -~27.5 605 = 65 AD 1300-1405

Field no. Sample description U cone. (p.p.m.) 230Th 234 24238y 230Th/232Th 230Th/234 age (yr)
SRe7+ Stalactite from ceiling, ST 0.617 0.02237 = 0,00016 1.0403 * 0.0031 2715 2317 =18
SRE5t Flowstone in natural void, WS 0.386 0.9899 + 0.0054 1.0918 £ 0.0052 920.5 >400,000
SR62Bt Flowstone on plaster, ST 0.911 0.01942 = 0.00020 1,2253 + 0.0053 2,446 <1,000
SR62Ct Flowstone on plaster, ST 0.615 0.05892 = 0.00056 1.2185 + 0.0035 1.604 <500
SRB0CTT Flowstone on plaster, ST 0.664 0.05082 =+ 0.00083 1.3765 + 0.0027 2.619 <2,500
SR60C21 Flowstone on plaster, ST 0.625 0.03101 * 0.00014 1.3956 * 0.0048 2.067 <2,000

*Radiocarbon AMS dates calibrated with OxCal*®#',

123Th-23U dates of spelecthiems corrected for detrital content assuming that initial 22°Th/%2Th = 1.6 (ref, 22).

Isotope ratios are given as activity ratiocs.
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for a piece of wood (SR53; Table 1), and 2,505 *+ 35yr BP for a
short-lived plant (SR61). Calibrated with the OxCal program®
using the INTCAL 98 calibration curve®, these correspond within
1o uncertainty to calendar age ranges of 822-796 BC for the wood
sample, and a multiple range of 790-760 and 690540 BC for the
short-lived plant, Within an uncertainty margin of 2, the short-
lived plant age range is 800-510 BC.

To test these dates against the observed stratigraphic order of
plasters, we also dated a small fragment of charred wood recovered
from a layer of coarse slag-bearing plaster overlying the ancient
plaster between the Gihon Spring and Warren Shaft. The conven-
tional *C age of this sample (SR110; Table 1) is 605 £ 65yr BP,
which is in agreement with the field relations and indicates
previously undocumented Mamluk period (AD 1260-1516) activity
in the Siloam Tunnel.

The chronology of the Siloam Tunnel speleothems is based on
0Th-24U dating by thermal ionization mass spectrometry per-
formed at the Open University, Milton Keynes (Table 1). Laboratory
errors are reported with 20 uncertainty. After conventional chemical
preparation, mass abundances of natural U and Th isotopes were
measured®. For precise dating we used only reliable samples in
which 23°Th/?*2Th > 20, indicating that radiogenic ***Th predo-
minated and detrital contamination was negligible®, We calculated
the dates and corrected for detrital content assuming an initial
0Th/***Th ratio of 1.6 (ref. 22).

Stalactite SR67, taken from the ceiling of the Siloam Tunnel about
4m above the flowing water, was sufficiently distal from detrital
contamination, as also indicated by its low **°Th/***Th ratio. The
stalactite is not active today, so its deposition must have occurred
closer to the Siloam Tunnel’s construction than to the present. Its
thorium age (measured on AD 2000) is 2,317 *+ 18 yr, representing
the mean deposition age of the bulk sample. This indicates that the
Siloam Tunnel was constructed before 2,300 yr ago, ruling out the
‘late date proposal’®. Samples SR60C1 to SR62C, taken from still
active flowstone covering ancient plaster, are all <2,500yr old, in
agreement with the proposed age of the tunnel.

The historic-period dates of all Siloam Tunnel speleothems are
compatible with our fleld observation that the Siloam Tunnel is
human-made and did not follow a pre-existing karstic conduit'”?,
For comparison, we collected one flowstone sample (SR65) in the
proximal Warren Shaft, which is a natural karstic shaft®*. Not
surprisingly, this sample is older than the dating method limit
(400 kyr), thus predating human construction of the waterworks by
a considerable time span.

We have shown above that the ancient plaster was applied
immediately after the Siloam Tunnel’s construction. The material
for plaster manufacture, including the dated organic matter, must
have been readily available for the construction team. The piece of
wood from 822-796 BC (SR53) retrieved from the ancient plaster
had been originally taken from a tree that grew for some time before
it was cut. Therefore it determines the maximum possible age of the
Siloam Tunnel. Trees which reach a biological age of several
hundreds years are rare in this region. Consequently, the Siloam
Tunnel was probably constructed not later than ~100yr after the
822-796 BC range of SR53, yielding a probable age for the Siloam
Tunnel of about 700 B¢ or slightly earlier.

The age of a short-lived plant should be closer to the true
archaeological date of construction. Indeed, the conventional '*C
age of the short-lived plant SR61 is 2,505 % 35yr, 115yr younger
than the age of SR53 (2,620 * 35yr). The calendar a‘?e of SR61 is,
with 95% probability, between 800 and 510 B¢ (the *C calibration
curve is relatively flat at about 2,500yr BP (ref. 21)). Within this
range, the true age is most probably about 700 BC, as indicated by
SR53 (see above).

On the basis of the '*C dates it can be concluded that the Siloam
Tunnel was most probably constructed in about 700 BC. This agrees
well with the terminus post quem thorium age of the speleothems
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deposited after the Siloam Tunnel’s construction (see above).

The independent dating of both speleothem and plaster show
that the Siloam Tunnel is hundreds of years older than the second
century BC'®. The radiometric Siloam Tunnel age of about 700 BC
agrees well with the palacographic age suggested for the Siloam
Inscription, Our dating agrees well also with the date commonly
assigned to King Hezekiah, whom the biblical text describes as
having constructed the Siloam Tunnel. The three independent lines
of evidence—radiometric dating, palaeography and the historical
record—all converge on about 700 BC, rendering the Siloam Tunnel
the best-dated Iron-Age biblical structure thus far known. O
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