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A crrrrean study of antigue beirds; hegun some years ago, soon
convineod me that the chronology and technique of glass beads
were intimately conneeted with those of glass vessels. This led
to w comparative study ol these two groups of produets of the
gliss-taker's art and o consideration of the various theories
about the place, date, and manner of the origin of glass-blowing.
Some of the results of these investigations will be set forth in this
paper inoasummary wiay, @ more detailed diseussion being in
preparation,

The well known paintings found in Egyptian tombs of the VI
and NI1I Dynasties, which have been interpreted as represent-
ing gluss-blowing. led to the opinion, for a long time aceepted as
conclusive, that the art of blowing glass vessels from a glass
bubble was known to the Egyptians in very remote times,  Of
Inte yeurs, however, doubt has been thrown upon the correctness
of this theory, principally by Flinders Petrie, for the following
Ieasons

(a) No glass of any kind has been found in Egy ptian tombs of
the VI or NII Dynastics,  The very carliest dated specimen is a
glass head with the nime of Queen Hatshepset, and this is prop-
erly assigned to her reign in the NXVIIL Dynasty.  Glass beads
are absent in the XTI Dynasty, but exeeedingly numerous in the
XVIIT Dynasty, the earliest types being imitations of similar
types niade of paste, : '

(b) No vessels of blown glass have been found in Bgyptian
tombs or excavations earlier than the Ptolemaie period, although
innumerable specinens and fragments of glass vessels have been
found which belong to the long period of over one thousand years
between Thothmes 11T and the Ptolemies. '

(¢) All these glass flasks, hottles, and vases we now know to
have been either moulded or formed by hand over a core of soft
paste or clay, the core afterwards being seraped out. This dis-
covery we owe to Flinders Petrie; and it ean be confirmed by the
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extmination of the glass fragients exeavated by the expedition
of the Métropolitan NMuseum in the Palice of e Nmenhotep THE ot
Thebes,

() "The earliest vessels of blown glassdate from the time of the
Ptolemices.  They consist of small flasks with short neeks. The
earliest T have seen was found with o Greek vase of (he third
century nao, ;

These faets seem to me conelusive, and we are Toreed to doubt
cither the interpretation of the Fgyptian wall paintings or their
chronology, us it is absolutely inconcetvable that no speciniens of
blown glass, or fragments of such vessels, should have come down
to us had they actually bheen niide. Nor is it likoly that the
Sgyptinns should have continued to make gliss vessels in the old
©wuy after they had discovered the art of miaking then in a new,
simpler and cheaper way.  And this is proved, beeause after the
appearance of the carliest [lasks of hlown glass, the old technique
was abandoned, a technieal revolution in fact being the result
of the new discovery of blowing glass. o far as I know, no
glass vessel madedn the old way over a core has heen found to be
of a later date than the reign of Augustus.

An examination of the blown glass flusks of the Ptolemaic
period revealed the interesting cireumstance that they were
nearly all made of two types of mosaie gliss and not of mono-
chrome glass ornamented afterwards.  This fact seemed to me
of great importance, beeause it is easily understood that mosaic
glass cannot he blown from a fused glass hubble, as the melting
of glass would have so diffused the pattern as to make it unrecog-
nizable.  The earliest blown flasks must have been produced in
some other way.  But before we enter upon that point it will be
necessary to define the two kinds of mosaie glass used in the
manufacture of the flasks.

Dragged Mosaic Glass.—This is one of the oldest types of
mosaic glass, the type from which nearly all the flasks and vases
of the XVIII Dynasty glass is made as well as most other orna-
mented glass vessels before the Ptolemaie time. Some of this
glass possesses a fern and feather pattern and is almost too well
known to need a lengthy deseription. 1 will state, however,
that the technique used in producing the pattern was as follows:—
The flask was made of monochrome glass, but before it had time
to cool a spiral band of glass or glass thread was wound about the
flask from neck to base. DBefore this band had time to solidify
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il was combed or raked at intervals inone or two direetions with
i hook oF point ol metal, This raking earvied the bands or
thrends in different divections, changing them into streamers or
leaves, often earrving the topmost ones down to the bottom of
the pattern in stueli @ manner that one end of the streamer re-
mained atiached at the top while the loosened end diverged
downwards, or vice versa. The pattern was finished by pressing
it into the matris of the hottle by rolling, and the finer specimens
were afterwards, when cool. gronnd ol and polished. The effect
wis i closed lTeal and feather pattern similar in appearance to the
finest mosaie glass mede inany other way.

OF this kind of glass we ean separate séveral varieties for which
I propose distinet names.

1. dreades—The strokes separating or bending the bands are
parallel to cach other, beginning above and earried downwards,
The result is o horizontal line of arches inoupright position.  1f
the strokes had been sufticiently heavy the arches are separated
from ecach other, hut if the strokes did not penetrate sufliciently
deep, the arches conuecet horizontally.

2. Festoons, also ealled inverted arches.—The technique is the
same as in the last yariety. but the strokes pass from the lower
part of the bottle towards the neck.  The result is & number of
more or less horizontally connected inverted arches or festoons,
having the appearance of 2 row of hanging garlands, such as have
been used since antiguity for the decoration of flat surfaces or in
conneetion with cupids, the graces and dancers.

3. Foliate —Yern and leaf pattern, plumate glass.  The tech-
nique differs only in the direction of the strokes, which alternate
from top to bottom and from bottom to top. The resulting
ornamentation is a series of horizontally corresponding leaves
which sometimes conneet in o horizontal line, but somefimes
stand dingonally in such & manner that one end of an individual
leaf ends near the top of the glass vessel while the other end is
near its buse.

4. Semifolinte.~The band spiral was first divided by down-
ward strokes from top to bottom.  Afterwards intermediate
strokes were tiade from bottoin upwards, one in each areade.
But instead of cutting through all the arcades the stroke was
halted halfway up, leaving the upper areades intact, the lower
ones haviiig been broken up into leaves,

5. Waves.—The band spiral was first rolled into the matrix




*

THE ORIGIN OF GLASS BLOWING 137

and then made wavy by light up and down strokes. The erests
and valleys remain rounded and the wave hands are more or
less separated.

6. Zigzags. The band spirnl was wound elose; so that the
tiers touch, and then rolled into the matrix, T was afterwards
zig-zagged by strong and deep strokes which caused both ¢rests
and valleys to he angular as in ordinary zig-zag patterns. The
close winding of the hand and the previous rolling in prevented
irregularity in the design, and the impossibility of the formation
of leaves with long, tapering points.

Beads Made of Dragged Mosaie Glass,— Beads made of this
kind of glass are common in the NIX- XX Dynastics, and some
were found in the Palaee of Amenhotep HT ol the XV Dynasty.
The variety continued to he made, the shape of the heads vary-
ing in different periods like the details of the technique and the
colors of the glass.  In the cighth and seventh eenturies .o, the
favorite form is @ eylinder.  In the fourth and third centuries
B.C. the spherical form is predominant.  In the sixth century
A.p. the eylinders come once more into fashion, but spherical
beads are found .in about the sume quantity.

Earliest Blown Flasks of Dragged Mosaie Glass—As has already
been stated, all the old Egyptian flasks with dragged ornamenta-
tions were moulded or core=dipped, and this practice continued
in use until the Ptolciaic period. About the third or second
century B.c. we begin to find blown flasks with this ornamenta-
tion. All these earliest flasks are small, three or four inches
high, and with a more or less globular or egg-shaped body. They
possess the characteristic that the festoons are indistinet. irregu-
lar, and more or less confluent on the body, while they are better
defined as we approach the neck. It seems thus evident that
these vessels were not given their pattern after they had been
shaped, but before the body had been blown.  If these flasks
liad been ornamented in the same manner as the old Egyptian
Hlasks or as all dragged flasks down to that date, it would be
difficult to explain the sudden degeneration of the pattern at a
time when the glass technique had suddenly emerged from a de-
generate period into a perfect one, remarkable for the invention
of columnar mosaic glass and for the perfection of several other
types. But before we discuss this subjeet we will consider
another type of mosaic glass.

Stratified Mosaic (lass.—This glass appears after the fifth
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century o, the carliest specimen having heen found with «
Greek vase of the thivd century oo Ater that time the speet-
maons made of this gl multiply rapidly and eharvaeterize the
second hall of the Ptolemaie period, continuing to he made
several conturies afterwards,

This glass is made up of numerous paraliel layers of glass of
difforent colors which penetrate from surface to surface, like the
units in o paek of playing cards. The layers vary in thickness,
the opaque white heing used to separate other colors from each
other, the white sheets being generally mueh narrower than the
colored ones, sometimes looking like hair lines, while the others

are often a centimetre thick.  The object of the white sheets was:

to refleet the colors of the other sheets from the depth of the glass
matrix.

The technique consisted in annealing strips of different colored
glass by fusion, a technique that could not have offered any great
difficulties, and the type scems to have been quickly perfeeted.
In the bottle found with the Greek vase, we find the strips to be
violet, white, gold glass, eobalt blue, and emerald green. The
gold glass was made by enclosing thin sheets of gold leaf between
two sheets of transpgrent glass and then fusing and rolling them
flat.

Beads Made of Stratified Mosaie Glass.—These do not appear
until after the fifth eentury B.c. and, so far as [ know, the same
chronology applies to the beads as to the erude glass and to the
flasks. We can distinguish three distinet types of these beads,
which it is of importance to define.

1. The bead is made of a sheet of stratified mosaic glass which
has been rolled up on itself, in such a manner that the strips and
stripes have remained more or-lass parallel, A seam. ean often
be seen where the margins of the sheet meet.  In this vgriety
the junction layers do not form any figures or fields, but if the end
stripe is of the same color at each end, the meeting of the two will
of course form a thicker stripe.

2. The stripes run in various directions so that the place of  *

junetion of the two margins of the glass, the sheet having been
rolled up on itself, form a pattern.  The simplest pattern consists

of a large, egg-shaped, central field around which the other stripes_ i
follow concentrically.  The technigue in its simplest form con- !

sisted in hending a stratified and striped bar of such mosaic glass
from the centre of its long axis, just as we fold up a necktie, the
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centre forming an end-loop, and the (wo ends, now joined, forming
the other oextremity. Ov il two haes ape had with the same sUe-
cession of colors, hut witl the stripes running (ling‘unull_\'. in one
from left Lo vight and in (he other from vight to left, (he Junetion
might he made (o present acenteal 1|i:unmul-sh:|pml field, around

which the other stripes are arranged in succession.  The same

effeet could also he produced if the orviginal glass wis made up of
sheets of glass meeting to form a Zig-zag or field-and-han pat-
tern,

3. The third type does not show any junction of {wo marging
of a sheet and was made by simply perforating a har of stratified
glass with longitudinal or zig-zag stripes, or by packing zig-zag
layered glass around a longitudinal ayis,

Earliest Blown Flasks of Stratified Mosaic (flass—The earliest
blown flasks occur in the Ptolemaie period about the same time as
the earliest blown flasks of (he plumate glass. They show the
peculiarity that the strips of the matrix are much thinner in the
neck, running parallel from the bottom to the top of the neck, and
sometimes continuously from the top of the neck to the bottom of
the flask. In other flasks we see the stripes meet on the body of
the flask, then turn in « loop and pass upwards through the whole
length of the neck. In some flasks we have the stripes parallel
in the neck, but at the junetion of the neek and the hody they
abruptly spread out and grow in depth while widening laterally.
Using these characteristics we can distinguish three types which it
1s of importance to define.

(@) The stripes are more or less parallel from neck to hase, and
the bowl or body of the flask is without field, loops and curves,
Junetion lines are present.

(b) The stripes are parallel in the neek and spread ahruptly
over the body, forming cither a loop or arch on the bedy or con-
tinuing to the bottom of the flask.  Junction lines are visible
between the patterns,

(¢) The body shows no junction lines between the parts of the
pattern, which is more or less unsymmetrical,

Earliest Technique of (flass Blowing—1t is of comse apparent
to any one that mosaic glass does not lend itself readily to he

.blown from a bubble, as this would so distort the ornamentation

as to make the pattern useless and perhaps even disagrecable to
the eye. In most instances we should find- that the original
battern of the mosaic glass had heen completely lost, and in the
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most fvornble edses it woulld have been mueh disturbed. How
fhien were these flisks produead?  Tnomy opinion by blowing out,
A hend or a tube intended for a bead, after the farther end of the
Cibe hieed Decn elosed. The teehnique differed in some Ly pes and
shapes, but the principle was the sane. First a tube of mosaie
gliss was made, either by piereing @ hole through a solid bar of
mosaice glass or by folding a sheet of mosaie glass so as to form a
tube, or by Tusing several strips of mosaie glass longitudinally
after first having doubled each unit on itself. The following are
the prineipal technieal types:

Dragged Gliss: X tabe was made of @ plain glass madrix and
orndamented with o succession of fows or rather spirals of arches,
festoons, or folintions, from one end of the tube to the other,
according to the taste of the artisan.  Next the distant end of
the tube was closed, then the tube was heated to the point of
proper liquefaction. ‘T'he next step was to blow in the distant
cool end of the tube with or without & mouth piece. The result
would be that the pattern would remain more perfeet and regular
on the neek of the fask, but would spread out, and the individual

stripes would widen out and become more irregular as the bowl'

or body widened.  Where the tube had been elosed o thick lump
would probably remain, at least in a primitive attempt. Such
is netually the case, for a small flask in the possession of Kouchakji
I'réres shows an exceptionally thick square lump at the bottom
of the flask, while the bowl of the flask is exeeptionally thin.

Stratified Mosaic (luss—The flasks have a striking similarity to
beads made of the same type’of glass, and it seems probable that
the flasks resulted from the effort of the artisan to produce
flasks from the siune material from which his beads were made,
because 1 think the beads came first, the flasks later.

Simplest Form, Longitudinally Striped —The artisan made a
tube of striped niosaie glass by rolling up a sheet so that the
stripes would all remain longitudinally parallel.  The tube was
closed and the blower blew into the distant end. The result would
be a {lask with longitudinal, more or less parallel stripes, wider on
the bowl; narrower on the neck.  In closing the distant end of the
tube the stripes or strata were often twisted spirally, thus adding
beauty to the pattern.

Such flasks arve in many collections, the finest example being -

figured in colors by Anton Kisa in his work on glass (Das Glas im
Altertume, pl. 11 fig. 3), well known as the prineipal work on

-

b
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anticque glasse The this hesatifal flasko we see the colored hands
procecd from top Lo hottom i ashight spival, bhut ina general way
perpendicular to the hases T L vemarekablesimilaeity to miany
hewds of that period which secms to have extended into the first
centbury A.p.

The Stripes Form Loops on the Bowl -~ The technigque in this
pattern is more complicated and s necessary fo eive adetailed
deseription of o typieal exainple of such o flaske The finest
specimen T have seen s in the private collection of Wouchakji
I'reves, who have permitted me to study it oty lesare. The
flask is 4) inches high aod L inehes in civeumterence, the bhowl
being more or less turbinate on aceount of the projecting girdle
region.  The neck is short and naveow.  The metrix is deep blue
with fine stripes of white which form a horizontal set of six
wide loops in the girdle region. the ends of the stripes that run
upwards being parallel in the neck.  Below the givdle vegion we see
a festoon pattern of five or more vertical rows of white festoons,
which also correspond to the five loops above, the upper ends of
the festoons pendfrating into the angles formed by the loops, and
between the five upper loops.  An examination with a magnifier
shows that the matrix is made up of o ervies of alternating strata,
perpendicular to the surface of the bowl. “The white strata are
like hair lines, the blue mueh wider.  There are five white and
five blue strata in cach loop, all standing on end and appearing to
-anish down in the matrix of the glass i the manner seen in
many types of stratified and columnar mosaie glass in which the
minor units are opaque and the matrix, or grosser units, trans-
lucent. The festoons show the same characteristic, and when we
observe the base or bottom we sce that there is a twist of four
such strata in the navel.  The technique is absolutely faultless,
and was as follows:—

Five long strips of stratified glass were made, each strip being

wice as long as the loops, each consisting of five layers of thin,
white, opaque glass and five layers of thicker, blue glass. These
strips were doubled lengthwise, forming five separate loops,
like pears with long slender necks. These loops were placed in a
horizontal row, fused side to side and then rolled into a tube,
which naturally was wider in the loop end than in the end of the
parallel stripes.  In order to cause the loops to appear on the
bowl above the girdle region, the tube had to be lengthened
towards the base.  And this was done by first making a long

9
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strip of stratified gliss of two white and two blue Inyers; retaining
the sime proportions of thickness as in the loops,  This strip
wits bwisted spivally iito o tube of the same thickness as the loop
tube s the two tubes were Tused together so as to form a longer
tubie, The lower twisted end wias elosed in bwisting, as the pattern
shows distinetly.  We had now u single long tube in which the
future pattern was in a compressed state and all that was needed
to bring it out as we see it on the bowl was to blow in the open
free end of the tube while the rest of the tube was brought to
fusion. Finally the lower part was surface dreagged.

Another yet more complicated pattern is scen in the Evan Gor-
i collection in Rome.  This bowl-flask is of stratified glass in
white and violet layers. 1t has four loops on the girdle, but
possesses the characteristie that the central field in each loop
consists of plumate mosaic glass of alternating leaves of white and
yellow, they being so arranged that they could not possibly have
been produced on the bowl after this had been blown out. In
fact the plumate mosaic fields consist of fragments of already
made plumate glass evidently taken from another broken bowl
and fitted in when the four loops were rolled into a tube, the
white leaves ending sharply and abruptly against the innermost
band in the loop.

These two types being the most complicated and thus most
difficult to explain satisfactsrily, all others may now, in order
not to lengthen this article too much, be deferred to a future
time, and it remuins only to summarize the conclusions based
upon the arguments set forth above.

In regard to the actual blowing of these earliest blown flasks,
we can assume three different methods.

The ceylinder of glass was blown into direetly without a mouth
piece, or a metal tube was used. If this metal tube was in-
serted deeply in the eylinder, the neck of the bowl would corre-
spond to the length of the tube and the bowl would spread out
abruptly, us, for instance, in {he Perugia flask or in that of the
Metropolitan Museuni.  Both are rarer than the next form. If
no metal pipe was used, or if it was not deeply set in the glass
tube, the glass bowl would widen out gradually and carry the
pattern along. Such flasks are very common in collections.

In regard to flasks which show no meeting seams between the
loops and whiceh were made from a solid bar of mosaic glass, the
technique was more or less the same. These flasks arve generally
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much thicker than the others, but theiv eapacity is small. Some
seem Lo hiave bheen bored out while fusing and only slightly en-
larged by hlowing.,

I the correctness of iy investigations set forth ina super-
ficiad manner in this paper s sustained, we may conclude that:

1. There are two distinet types of glass-blowing, one from a
tube of glass; one from a bubble of melted glass.  The tube-
blowing is the earliest, invented in the Ptolemaie period.

2. The earliest blown vessels are made of mosaie glass which
could not be blown from a bubble, and the only way to explain
their nature is to assume that they have been blown from tubes.

3. The discovery of glass-blowing was the result of the effort of
the artisan to make flasks out of the snme kinds of mosaie glass
from which he made his beads. The various steps leading to
glass-blowing from a bubble would he about as follows:—Mosaic
glass; mosaic glass beads; eylinder made of mosaie glass; closing
the eylinder at one end and blowing in the other; using a metal
tube as mouth picee; taking a film of fused glass on the end of
the pipe and producing a bubble.

4. No blown glass vessels existed before the Ptolemies.  Dur-
ing this period the four great events in the glass industry were
the discovery of columnar mosaic glass; the dipped and cut-off
rod; the blowing of glass first from a eylinder and later from a
bubble by means of a metal tube or pipe.

Gusravus LIsSEN.



