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Amongst the many and sophisticated weapons used by Byzantium against its
enemies, «Greek Fire» is, without a doubt, the most famous, not only because the
primary sources that mention its use extend throughout most of the years of the Empire,
but also because «Greek Fire» was used in some of the Empire’s most dramatic moments.
However, despite the fame that has made it a legend, this naval weapon remains almost
unknown to us, a fact that can be mainly attributed to the ambiguity of the primary
sources that mention the weapon and its deployment'. In this paper, I will summarize
the results of my most recent research concerning the question of ejection of the «Greek
Fire» against enemy ships, results which are presented in the third edition of my book
on the «Greek Fire»*, that was published recently.

Since this is only a brief summary, I will not discuss the problem of the composition
of the «Greek Fire» but simply mention the opinion presented by Davidson, Haldon and
Byrne who maintained that «Greek Fire» was based almost exclusively on crude oil,
opinion which is generally accepted.

ATTEMPTS TO EXPLAIN HOW THE «GREEK FIRE» WAS LAUNCHED

Although the issue of the composition of «Greek Fire» seems to be more or less
resolved, things are not as clear when we confront the question of how the Byzantines
were able to project their incendiary mixtures against enemy ships. Despite its
significance, this problem has not, until recently, attracted the attention of scholars, and
no serious attempts were made in the past to solve it. There were, however, some
attempts to explain how the various mixtures were launched, usually related to one of
the theories regarding their composition. The suggestions that have been made fall into
the following categories:

a) Projection by means of a force-pump

This view was expressed by H.L. Hime, who maintains that the term «oipwv»
(=siphon) that we meet in the primary sources indicates a force-pump, and that «Greek
Fire» was projected by means of such a pump?®.

The German scientist E.O. von Lippmann similarly asserts that «Greek Fire» was
projected against enemy ships «through long pipes made of metal, pushed by the
pressure produced by a force-pump». He also accepts that «siphon» means a pump and
reminds us that Ktesibios had already invented such a pump in Alexandria in the year
200 B.C. However, he gives no further explanation concerning the engine he proposes'.
I'he same or similar views were also proposed by R.]. Forbes and J.R. Partington, but
they, too, failed to describe the particular machine and did not explain its mode of
operation.

b) Projection as a result of an explosion caused by gunpowder

This view was supported by C. Zenghelis, who wrote that «the composition of the
incendiary mixture known as «liquid fire» or «Greek Fire», was undoubtebly based on
saltpetre, and was used to eject incendiary material through pipes that were placed on
the bow of the ship»®. Similar views were also expressed by M. Mercier®.
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c) Projection as a result of heating the incendiary mixture

This position was expressed by E. Davidson in a paper that deals almost exclusively
with the problem of the ejection of «Greek Fire». Davidson believes that the composition
of «Greek Fire» was based on crude oil, and after rejecting the views that «Greek Fire»
could be ejected with the help of catapults, pumps or as a result of a chemical reaction,
proposes that projection was achieved after heating the mixture almost to its boiling
point’.

d) Projection as a result of the combination of heat and pump

This hypothesis was presented by ]J. Haldon a historian and M. Byrne a physicist.
Its basic novelty is that the authors attempted to construct an apparatus for projecting
the «Greek Fire», based on the laws of mechanics (engineering).

Before dealing with the problems of their suggested apparatus, they concluded that
the ejected material was «certainly crude oil», and they refer to the way and the area
from which it was collected, which they position in the Donbay region north-east of the
Black Sea®.

The apparatus that Haldon and Byrne constructed according to their hypothesis
consists of three parts: a) a bronze «siphon», which they assume was a force pump,
b) a bronze-bound swivel tube through which «Greek Fire» was projected against the
enemies in any direction and ¢) a small hearth used to heat the oil in its sealed
container. According to Haldon and Byrne, «The oil was heated gently before combat
began, more fiercely as the need to use the weapon arose. Pressure was built up both by
heating the oil in its sealed container and by use of the pump. Once the pressure was
high enough, a tap or valve in the container was opened, allowing the oil to be forced
out through the swivel tube, at the mouth of which it was ignited»®.

All the above theories have been met with scepticism which can be summarised as
follows:

a) The proposed launching of the «Greek Fire» with the help of a force-pump is not
persuasive because it does not explain how the proposed engine worked, and more
important to what distance a force-pump powered by hand could propel such a thick
mixture.

b) The opinion that the launching of «Greek Fire» was accomplished as a result of an
explosion caused by a primitive form of gunpowder was also rejected, because the only
primary source that mentions the saltpetre, the «Liber ignium» of Marchus Graecus, can-
not be dated with accuracy and certainly not as far back as the seventh century'.

¢) The view proposed by E. Davidson was also questioned because her description of
the procedure of launching was rather vague and because she did not explain where the
force necessary for the shooting of the mixture came from.

d) Haldon and Byrne's suggestion that the launching of «Greek Fire» could be
achieved by means of a force-pump combined with heat is not very convincing either.
Despite the fact that this study is the only serious attempt focusing specifically on the pro-
jection of «Greek Fire» and raises some important questions, it does not offer persuasive
and acceptable solutions, especially with regard to the problems of practical application
that arise when the apparatus that they suggest is put to work.

Commenting on the practical problems, I would like to notice that the apparatus, or,
better, the system suggested by Haldon and Byrne, raises the following questions:

a) Was it really possible for the Byzantines to produce, sustain and control the con-
siderable pressure that should have been created inside the system in order to project
crude oil to any distance?

b) Was it really possible for them to ignite crude oil while it was ejected from the
pipes, as Haldon and Byrne suggest?

¢) To what distance was the apparatus able to project this crude oil?

d) Was it possible for the operator in charge to synchronize all the components of the
system during battle and while pursuing the enemy ships?
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Haldon and Byrne tried to answer the first question but left the rest unanswered.
Indeed, the problem of the system’s resistance to pressure is understood by them,
who admit that «<heating the oil without any sort of pressure gauge, which we must
assume, was highly dangerous and could result in an explosion». And although they
believe that under these circumstances «accidents must surely have occureds», they insist
on their views claiming that «the evidence we have will allow no other practicable
solution»''.

Finally, the writers did not consider the problem that the residues of the mixture
could cause to the suggested apparatus, namely, blockage of the pipes and explosion.

The obvious weakness of research to give a complete and persuasive answer to the
problem of launching the «Greek Fire» can certainly be attributed to the difficulties one
faces when attempting to decipher the Byzantine sources that refer to it. The references
of the sources relevant to «Greek Fire» are too few and too ambiguous, and that is why
they breed so many and such contradictory interpretations'.
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If we examine the fragmentary information of the sources, we can eventually come
to the following general observations:

a) «Greck Fire» was launched «by or through the siphons»", which were placed
on «dromons and biremes».

b) The «siphons» were placed on the prow of the ship and «their frontal side was
covered up by copper»'.

¢) The discharge of the «Greck Fire» was accompanied by «a noise of thunder and
fiery smoke»'.

d) «Greek Fire» could be hurled at the enemies ships in pots' that broke on impact.

e) It could also be hurled by hand, that is, by the «<hand-siphons»"".

f) Finally, the Byzantines could control the direction of «Greek Fire» and project it
«upwards, downwards and sideways»'*.

The study of the primary sources regarding the ejection of «Greek Fire» reveals that
the following basic conditions have to be explained in order for the device to have
performed as described. These conditions regard:

a) Range: The shooting of incendiary materials from nuppspor Spopwveg (i.e., fire
ships), to a safe distance for the Byzantine ships.

b) Targeting: The shooting of these incendiary materials from the Byzantine ships
with a relative degree of accuracy.

¢) Ignition: The description of the mode of igniting the incendiary materials.

Regarding the question of the range that «Greek Fire» could achieve, Admiral
K. Alexandris among others believes that it should have been between 50 and 75 m.".

If we agree with the above estimate, and we should if «Greek Fire» is to be classified
as an offensive weapon, it becomes obvious that we must search for a different solution
than the one suggested by Haldon - Byrne and all those who believe that «Greek Fire»
was discharged by the force produced basically by a hand-pump, because not enough
pressure could be generated this way to achieve the aforementioned range.

Having established that «Greek Fire» had to have a sufficient range, I believe that this
would be possible only if it was enclosed in some kind of container, e.g. clay-pots.
Then 1 will attempt to answer the question of how the Byzantines could discharge those
pots full of inflammable and incendiary materials, that were described by the general
term «Greek Fire». According to my estimation, the answer is simple and implied by
C.W.C. Oman in his classical book «The Art of War in the Middle Ages», when he notes
the following: «It will be observed that no long account of «Greck Fire» has been given....
This neglect is from a conviction that, although its importance ... in naval fightings was
considerable, it was, after all, a minor engine of war, and not comparable as a cause of
Byzantine success to the excellent strategical and tactical system. Very much the same
conclusion may be drawn from a study of the other purely mechanical devices, which
existed in the hands of the Imperial generals. The old skill of the Roman engineers was
preserved almost in its entirety, and the armouries of Constantinople were filled with
machines, whose deadly efficacy inspired the ruder peoples of the West and East with a
mysterious feeling of awe... the catapult, onager and ballista, were as well known in the
tenth century as in the first. They were undoubtedly employed, and employed with
cffect, at very siege»™.

It is well known that the Hellenistic technology of building war engines was
preserved and improved during Roman times, to be continued later in Byzantium?'
Therefore, the answer to the question of how the Byzantines succeeded in launching
their incendiary materials may be found if we examine the military technology of the
Hellenistic past™.

Thus, I believe that the ballistae, catapults etc., (well-known since Hellenistic times)
could easily throw missiles to a sufficient range with considerable accuracy, especially
when ballistac were used™. Accuracy is especially essential when the target is not very big
and above all stable (walls or tower), but small, moving and manoecuvrable (ship).
For the reasons mentioned above, I believe that this combination of the Hellenistic
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military tradition and experience in war machines, coupled with the innovations of the
architect Kallinikos in the technique of launching incendiary material, which are
mentioned below, was the «secret» of the «Greek Fire» of the Byzantines.

Let us see now what the proposed ballista of Kallinikos must have been like,
and examine whether the innovations of the Syrian architect, as well as their results,
were really so impressive as to justify the exclamations of Theophanes and his reference
to «Greek Fire» as the «new» weapon of the Byzantine navy. The ballista of Kallinikos was
a palintone stone-throwing catapult, probably an invention of the engineers of Philipp
IT of Macedon*, which in Roman times was known as Ballist(r)a®, and was placed in the
bow and both sides of the Byzantine dromons.

The size of the Byzantine ballista could vary proportionally to the type of ship on
which it was used, because the construction of smaller or bigger ballistae was not a
problem, provided that its various parts were kept in proportion®.

The process of projecting «Greek Fire» was not complicated at all.
The «owpovatwp»*’ armed the mechanism of the ballista with the assistance of his
collaborators, placed the pot with «Greek Fire» on the piston, lighted the wick or set
alight the whole pot, which could be wrapped with flax** soaked in naphtha®,
the «pénupov» of the Byzantine sources. After he had aimed the ballista at the target,
he launched the siphon which contained the «Greek Fire» at the enemy ship «with a
noise like thunder and fiery smoke»™ and flames, which are easily explained by the
composition of the liquid in which the flax was soaked.

Setting afire an incendiary projectile during launching, and while it was still on the
ballista, has puzzled me from the very beginning, since the wooden piston of the ballista
could easily catch fire, resulting in the destruction of the ballista and possibly of the
dromon itself. That is why 1 became convinced that the addition of a metallic (perhaps
bronze) protective tube (= siphon) on the «cp1yE» was necessary, so that the flaming
projectile could move through the tube without causing any problems. The tube would
facilitate aiming as well, because it would act as an extension of the aiming line of the
«orpovaiwp». Without underestimating the difficulties that arise from the hypothesis of
using a protective tube on the ballista, I would like to point out that the idea of using
a tube to assist the launching of a projectile was not new, but preexisted in the
construction of bows that used tubes (cwAnvéapia) to shoot small arrows that were called
“poiar” = flies®.

The practical verification of my hypothesis became eventually possible as a result of
my co-operation with Mr. Nik. Orphanoudakis, a researcher of ancient and medieval
war technology, and provided affirmative answers to these questions.
Mr. Orphanoudakis, following my hypothesis and using materials known in the seventh
century, constructed a working model of a Hellenistic ballista on which a copper or
bronze siphon (tube) was placed. This model, when tested, yielded very good results as
regards range and aiming™.

Summarizing, we observe that Kallinikos™ ballista gives positive answers to most of
our questions. It can shoot a projectile (a pot full of incendiary materials) from a safe
distance against the enemy ships with considerable accuracy. Furthermore,
the launching of «Greek Fire» from Kallinikos’ ballista seems to agree with the
descriptions in the Byzantine sources which mention that «Greek Fire» was projected
«through bronze siphons»®, where siphon = tube for the launching, or «with the
siphons»*, where siphon = pot. The projectile siphons were made of clay or glass,
but they could also be made of copper when bigger siphons were needed.

Summarizing, we may note that the innovations on the ballista which could be
attributed to the engineering genious of Kallinikos seem to have brought such positive
results in the deployment and use of that weapon, that it could justify the identification
of «Greek Fire» with the name of Kallinikos and the belief that he actually invented a new
weapon.

538



NOTES

IF

8.
9.

For the basic research on «Greek Fire» see Berthelot, M., La Chimie au Moyen Age, Paris
1893q; Hime, H.W.L., Gunpowder and Ammunition, London 1904; Idem, The Origin of
Artillery, London 1915; Zenghelis, C., «Le feu grégeois et les armes a feu des
Byzantins», Byzantion 7, 1932, 265-286; Cheronis, N.D., «Chemical Warfare in the
Middle Ages: Kallinikos' Prepared Fire», Journal of Chemical Education 14, 8, 1937,
360-365; Mercier, M., Le feu grégeois, Paris 1952; Partington, J.R., A History of Greek
Fire and Gunpowder, Cambridge 1960; Forbes, R.]J., More Studies in Early Petroleum
History, Leyden 1959; Davidson, E., «The Secret Weapon of Byzantium», BZ 66, 1973,
61-74; Haldon, J. - Byrne, M., «A Possible Solution to the Problem of Greek Fire», BZ
70, 1977, 91-99.

. Korres, Th., «Hygron Pyrs. A Weapon of the Byzantine Naval Warfare’, Thessaloniki 1995,
IO - . - (3

(in Greek).

- Hime, H.L., Gunpowder 47. See also Hall, A.R., The Oxford History of Technology 11,

Oxford 1956, pp. 375-376.

- von Lippmann, E.O., Zur Geschichte des Schiesspulvers (Abhandlungen und Vortrige zur

Geschichte der Naturwisse), 1906, p. 131.

. Zenghelis, C., Le feu grégeois, 277 ff.
- Mercier, M., Le feu grégeois, 25 ff. See also Korres, Th., Hygron Pyr, 39 ff.
. Davidson, E., Secret Weapon, 71 ff. It must be noted that Davidson introduces a new

reference related to «Greek Fire» from a Scandinavian source, Yngvars’ Saga Vidfotla,
(ed. E. Olsen, Copenhagen 1912). Haldon, Cf.J. - Byrne, M., A Possible Solution, 93,
note 8.

Halson, |J. - Byrne, M., A Possible Solution, 92.

Haldon, |J. - Byrne, M., A Possible Solution, 93-94.

10.Marchus Graecus, Liber ignium ad comburentos hostes, ed. F. Foefer, Histoire de la chimie,

vol. 1, Paris 1842, pp. 491-497.

11.Haldon, J. - Byrne, M. A Possible Solution, 96.



12.See Korres, Th., Hygron Pyr, Appendix of primary sources, 131 f¥.

13.Naumachica, ed. A. Dain, 1.59 «olov kol 10 éokevoacuévoy nop UETH Bpoviig Kot
KOTVOD TPOTUPOV UETE TOV CLP@HVOV epntéuevov». De Administrando Imperio, ed.
G. Moravcesik - R. Jenkins, 13.73 ff. « Qoodtwg p1} o kot tepi toD DypoD mupde, 70D
O1& TV CLPAVOV EKQPEPOUEVOD PEP LUV TE KOLL LEAETOV ...».

14.Naumachica, 1.6 « Ex€to 8¢ néviog TV olgpovo kato thy np@poy EUnpocdey yoAKd
Nu@Lecpévoy, O £80g, 817 00 TO ECKEVUCUEVOV TTUP KOTE TOV EVOVTIOV AKOVTIOE L.
Anna Komnena, Alexiade, X1.X.2.

15.Naumachica, 1.59. See also Nicephoros Ouranos, Taktika (A.Dain, in Naumachica) 6.56:
«0lovV Kol TO OKELOOTOV TTOP, TIYOUV TO ACUTPOV HETH BPOVING Kol KOMvoD TOV
TPOTVPOV TEUTGUEVOV S18 TOV CLOMOVOV KU1 KOTUKOIOVTO».

16.Naumachica, 1.64: « HUETG O€ KEALVOPEV KOl TLPOG ECKELUGHEVOL TATPELS
axovtileoBon kol YUTpog Kot Ty Drode1yBe ioo PéBodov The LTV oKEVOGIaS DV
cvuvtp Popévay eunpricecot Pading To TAoio TOV TOAEUIWV». ©

17.Naumachica, 1.65: «XpfioooBot € kol TN GAAN HEOGS® TOV S0 xe1POS PaAAOUEVOV
HIKPDYV CLPpOVOV OmicBev TV C1dNPHYV CKOLTOPIOV TOpO TOV OTPOUTIOTOV
KPOTOLUEVOY, GNEP XEIPOCLQOVO A€yeTol, mopd THG TMuov Pootieiog Gpti
KOTECKEVUOUEVO, Plyovot yop Kol oDTO TOD £0KEVOOCUEVOU TLPOS KOTO TOV
TPOCHOTOY THV TOAEUIWV»>.

18.Komnena, A., Alexiade, (B. Leib) X1.X.4: «003¢ yop £065e¢ ooV TO10VTOV GKEVOV T
TUPOG BV HEV PVCEL THV QOPOLY EXOVTOG, TEUTOREVOL & €@ & BovAETOL O TEUTWV KOTG
TE TO MPOVES TOAAGK G KoLl €' EKGTEPOL».

19.AAe8avdpris, K., H Gakavoia dvvapuc e tpy wiopiav e friavawvijc avioxpaiopiac, ABrjvan
1956, p. 154.

20.0Oman, C.W.C., The Art of War in the Middle Ages A.D. 378-1515, London 1898, reprint
Ithaca N.Y. 1968, p. 55.

21 The achievements of Hellenistic technology in inventing and constructing artillery
engines are described in the excellent work of E.W. Marsden, Greek and Roman
Artillery: vol. 1., Historical Development, vol. 11., Technical Treatises, Oxford 1969-1971.
On the use of catapults in the Hellenistic period, see ibid. vol. L.
73-77, and for the Roman period vol. 1. 83-85. Finlay, Cf.G., History of Greece, 7 vols.,
Oxford 1877, vol. 11. 18, who writes the following regarding the Byzantine capabili-
ties in building war engines: «The Byzantine army was superior to every other in
defending fortresses. The Roman arsenals, in their best days, could
probably have supplied no scientific or mechanical contrivances unknown to the corps
of engineers of Leo’s army, for we must recollect that the education, discipline and
practice of these engineers had been perpetuated in uninterrupted
succession from the time of Trajan and Constantine».

22 Similar thoughts seem to have puzzled M. Berthelot, Sur la force des matiéres
explosives, Paris 1894, vol. II., p. 355, who, although he had expressed the
opinion that the propelling force for «Greek Fire» was generated by an explosion,
writes the following: «One wonders to what extent the propelling force of the gases
was added to that generated by the twisted cords that provided, after all, the basic
pushing force?». Zenghelis, Cf.C., Le feu grégeois, 278. The possibility of ejecting
«Greek Fire» by means of catapults is also accepted by K. AAeEavSpiig, @alacoia
dwvapuc, 153, who, however, considers it a secondary way.

23.See Marsden, E.W., Greek and Roman Artillery: vol. 1., Historical Development,
vol. Il., Technical Treatises, Oxford 1967-1971, 1.188, who observes that
«the ballista could be adapted for shooting bolts if exceptionally high performance was
required».

24 Marsden, E.W., Antillery, 1, 58, notes the following: «Indeed, though definite
information simply does not exist, a good deal of circumstantial evidence suggests that
the principle of torsion was first discovered in Macedon under the auspices of Philip
I1». Similarly P. Connolly, Greece and Rome al War, London 1981, p. 280, observes:

540




: zo<-sz.~: .z.&.zL.

: aﬁ?«ﬁ%&éﬁﬁi .‘T.as:;aﬁ

.V\v:

.E&&E&a?;ﬁ o ials &o&

541



«Torsion stonethrowers make their appearance during Alexander’s siege of
Halicarnassus in 334».
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