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ABSTRACT. First printed in 1831, 6 Red Fuj i 6 by Hokusai is one the &ndst
thousands of impressions were printed from its original set of woodblocks, often in different colour schemes and using
different printing effects for different editions. The aim of our research was to systematically study these variations and
determine the chronological order in which they had been introduced. First, we located 93 surviving impressions of
Red Fuji in museums, libraries, private collections and galleries around the world. We carefully studied the breaks in
the outlines caused by woodblock wear, as well as the variations in colour and printing effects. Then, we investigated
how the print was produced using woodblocks: we determined what part of the print was produced by each
woodblock, if a woodblock had been used more than once in specific parts of the print and what printing effects the
printer(s) employed. We also identified the colourants on ten impressions of Red Fuji from different editions using X-
ray fluorescence, multispectral imaging, fibre optics reflectance spectroscopy and excitationi emission matrix
fluorescence spectroscopy. Based on the breaks in the woodblocks, the colour schemes and the printing effects, we
concluded that there were five sequential Gtates6of Red Fuji. The first state corresponds to the earliest surviving
edition, whose impressions have very little evidence of woodblock wear and were produced using muted colours and
complex printing effects, while the last state is a rare blue variant, 6 B | uf@ which the pfinter(s) used a completely
different colour palette and complex printing effects. This research represents the first systematic study of the
production chronology of a Japanese woodblock print, based on woodblock wear, colour scheme and printing effects.
KEYWORDS. Japanese woodblock print, Red Fuji, colourants, woodblock wear, excitationi emission matrix
fluorescence spectroscopy, fibre optics reflectance spectroscopy.

1. Introduction

First published in 1832 s p ar ThirtpSixViewlse f 6 Mount ,BAj Cbeaer D
a Southern Breeze617600084% a tnsourseh i ckoam niHoonkl uys aki n.o w n
1), isone the most iconic Japaneseodblockprints[1]. It depicts Mount Fuiji in the late summer
when the rays of the rising sun colour its slopesIrethe Edo Period (1603868)Mount Fujiwas
a symbol of immortalityandthe subject of worshipnd pilgrimaes

© 2021 ISTE OpenScience i Published by ISTE Ltd. London, UK i openscience.fr Page |1


mailto:ckorenberg@britishmuseum.org
mailto:mderrick@mfa.org
mailto:Lucia.PereiraPardo@nationalarchives.gov.uk

Fig. 1. Red Fuji (The British Museum, London, 1906,1220,0.525, size: 26.1 cm by 38.2 cm). The small
areas left unprinted at the bottom in the red frame correspond to woodblock damage and were observed in
all the impressions of Red Fuji we examined.

Like other Japaneseprints at the time Red Fujiwas massproduced using a set of carved
woodblocks, one block for the outlinds h e 6 k ,eagmdbskveral bldcks for the coloured areas.
Prints wereusuallyinexpensivefor instancepne could buy a pnt for the same price as about two
helpings of noodles in the 183(02]. The production of fints was a commercial busineasd a
design was printed as long as there were customers willing torpugssionsExperts estimate that
a bestselling design sutas Red Fuji could have been printed up to 8,000 tiBjes [

While the impression in Figure 1 corresponds to the versidtedfFujimost people are familiar
with, notall impression®f thiswere printed using the same colour scheme aimtiny effects(the
term 6 i mp r ehere fefera o one of a number of printings made from the same set of
woodblocks) The variations between impressions of the satesignare of great interest to
Japanese art scholars and collectors.|&hding specialist on Hokusai publishing in English, Roger
Keyes (19422020) conducted research with Peter Mord®351993) on singlesheet colour
woodblock prints of Hokusai, including Red Fuji, between 1972 and 2007. He compiled the
findings in acatalogue raisonngwhich has been digitised and is partially available online [4]. In
addition to description and ascribed date, Kgyegpo®d atimeline of statesfor each print The
term O0stated is used to di st e uwsiggtheséime watblweke n
but with a variant degree of woodblock wear or different printing effects.

Assessing whether an impressisrearly or late is not straightforwardlst like European prints
made before the 3Dcentury, Japanese prints were motmbered or dated. To establighan
impression ofa given printis earlyor late a different approach is needed. Because of the high
number of impressions pulled, the woodblocks eventuallyestaot wear. The thin ridges in the
keyblock for the outlies of the design were particularly vulnerable to damage resulting in smal
breaks in the outlines. Comparing impressions made from the same woodblocks and careft
looking for signs of woodblock wear allows distinguishing between impressions from ediigtan
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editions. To study the different states of Red Fufeyes used primarily small black and white
photographs of impressions taken by Moasel retrieved after his death in 1993. Keyamself
admitted thaestablishing a publishing timeline basedtbesephotographsvas very difficultand
encourageatherresearchers tee-examine his findingsRecently, Vermeulen et dl5] published a
production chronologwf the Thirty-Six Views of Mount Fuji series. Thegnalysed the blue in&f
the outlinesin 141 impression®f the seriesusing fibre optics reflectance spectroscopy (FORS)
Following a statistical approach, thégentified nine clustersf impressionswith slightly different
FORS featureswvhich they ordered chronologicalby studyingsigns ofwoodblock wearHowever,
this wasnot an extensive study dlfie production chronology &ted Fuji aonly four impressions of
this print were includeah their work.

The aim of our research was to establishptugluctionchronologyof Red Fuji from itsearliest
surviving edition to its last, in a systematic and comprehensive besed on woodblock wear,
colour schemes and printing effed&rst, we endeavoured to locate as manginal impressions of
RedFuji as possibleand as much as possiblebtain high resolution colour digital photographs.
While thousands impressions of Red Fuji wergginally printed in 1830s, Japanese prints were
ephemera and only a small proportion of them have survived until B@sed on the photographs
we collected we gudied the breaks in the linesdthe variations in colour and printing effe¢ts
define a sequence aftatesfor Red Fuji Japanese woodblock prints from the Edo Period were
printed using a limitecdnd welldocumenéd range of colourants6f11] and pevious research ba
shown that nofinvasive techniques such Xsray fluorescence (XREFJFORS excitationi emission
matrix fluorescence spectroscopy (EEM FE®)d multispectral imaging (MSlare well suited for
theiridentification[12-16]. To characteris¢he variations in the colour schemes of Red Fuji, we also
analysed the inks oten impressions of Red Fugorresponding to differerdtates ofthe design
using the technigques just mentioned

2. Materials and methods
2.1. Photographs of Red Fuji

Keyeslisted 42 impressions of Red Fuji impressions in ¢tégéalogue raisonnéHowever, when
we tried to obtairdigital photographs of these impressions, digcoveredhat ther locatiors were
sometimes missingr inaccurate To find additional impressions dRed Fuji, we used theJkiyo-e
Searchweb engine [L7], which listed impressions of Red Fuji from large national institutiofise
Ukiyo-e Searchengine alsdisted impressions of Red Fuji from the websites of several art dealers
but many of these were reprodocis, rather than original impressions (i.e. out of the 56
photographs of Red Fuji identified by the search engine, onlgo2®sponded toriginals). We
obtained photographs of additional impressions ftle@Google Arts & Cultureonline platformthe
websites of the auction hous&so t h etd & s i skooke arsdealers and private collectors.
We also identified regionahstitutionsand private galleriesoldingimpression®f Red Fuji n their
collectionsusing the image hosting service webdiléckr, the social media websitd2interest
Twitter and Instagramand the websitdripAdvisor We then requesid good qualityphotographs
from these institutionsWe examined all the photographs of the impressions gathered carefully t
ensure they correspdead to originals rather than reproductiofbis was done by comparing the
outlinesin the print as woodblocks are carved by hand, two woodbl@rksneverdentical and
there are always some differences between an original and a reproductlon chseof Red Fujj
we noticed that there were two small areas left unprinted at the bottom of the mountain towards
right in the green gragbat were present in originafthese are highlighted in Fid), but absent in
reproductionsin total, we locate®3 impressions of Red Fuji includin@2rom private collections.
The list of the institutions preserving Red Fuji impressions is given in the supplementan
information section, at the end of this publication.
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2.2. Impressions of Red Fuji

Tenimpressions bRed Fujishowing different states of woodblock weaere analysed in this
research, as shown in Table 1. Note thatAA.380 impression of the Guimaéfluseum Paris,is a
rarepi nk v ar i anRink Bujigd andthe2l.@7/55impressionad the Museim of Fine Arts
(MFA), Bostona rare blue varianpt 6 Bl ue Fuj i 0

2.3. Analytical techniques

The colourantsof the ten impressions of Red Fujvere analysed usinthe nondestructive

techniques described bel@ssummarised in Table. 1

Institution

Accessiomumber

Analyses performed

British Museum London(BM)

1906,1220,0.525

XRF, FORS, MSI

GuimetMuseum ParigGM)

AA.380

XRF, FORS, MSI

Keio University Librés, Tokyo(KUL)| 200X @ 413 FORS

Museum of Fine AriBoston(MFA) | 11.17504 EEM FS

Museum of e Arts Boston 21.6754 XRF, FORS
Museum of Fine ArtsBoston 21.6755 XRF, FORS, EEM H
Museum of Fine ArtsBoston 21.6757 XRF, FORS
Museum of Fine ArtBoston 34.314 XRF, FORS
Museum of Fine ArtBoston 53.495 XRF, FORS

Tokyo National Museum (TNM A-11176 1 FORS

Table 1. Impressions of Red Fuji analysed.

2.3.1. Multispectral Imaging

Multispectral images of the impressions were taken together with a reference grey sca
comprising a set of Lambertian black, grey and white Spectralon tiles akdtarColorChecker
target using modified commercial cameras (Nikon D7000 or Canon 40D) fitted with band pas
filters. The impressions were illuminated by two radiation sources symmetrically positioned ¢
approximately 45° with respect to the focal axishef camera and at about the same height. A filter
was placed in front of the camera lens in order to select the wavelength range of ihbersst. of
images acquiredncluded visible-reflected (VIS), infraredreflected (IRR), ultravioletinduced
visible luminescenceand ultravioletreflected images. Infraredreflected falsecolour (IRRFC)
images were produced combining VIS and IRR images, as describ&g).iTlie combination of
radiation sources and filteised for each MSI technique can be found mevious publication9],
as well as details about acquisition and gavstcessing of the images.

2.3.2. Fibre optic reflectance spectroscopy

Fibre optic reflectance spectom the BM snd theM G 0 impressionswvere recorded with an
Avantes AvaSpetJLS2M8XL-USB2 spectrophotometer equipped with an Aval-igil -S-IND
tungsten halogen light source. The detector and light source were connected with a fibre or
bundle to an FCRUV200-2-1.5 x 100 probe. In this configuration, light was sent and retrieved by
the bundle set at approximately 45° from the surface normal, thus excluding specular reflectan
The spectral range of the detector wasidd®0 nm; nevertheless, due to poor blank correction on
both the extremes of the range, only the range betweerad®®00 nm was considered. The
diameter of the investigated area on the sample was approximately 2 mm, obtained by setting
distance between probe and sample at approximately 5 mm. The integration time was 100 ms
each spectrum was the average o facquisitions. The whole system was managed by the software
AvaSoft 8 for Wi ndowsE.
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The FORS spectra at the MFA were collected using an Ocean Optics Flame minispectrome
equipped with an Ocean Optics halogen light source. The Ocean Optics RVABINIR probe
was connected to the detector and light source with a fibre optic bundle. The analysis spot size of
approximately 1 mm as obtained by placing the probe d@egreeangle directly on a sheet of
Mylar covering the region to be analysed. Thegnation time was 30 ms. The signal was recorded
from 3401025 nm but only the range between 400 and 900 nm was considered. The measurerr
system was controlled by OceanView software.

With both FORS systems, spectra were referenced against the aregpapéndeft white, i.e.
with no ink applied, and corresponding to the snow on Mount Fuji on each impression.

2.3.3. X-ray fluorescence

The BM and theGM impressions were analysed usingBauker Artax XRF spectrometer
operating at 50 kV and 500 pA with alktmated beam of 0.65 mm and a counting time of 200
seconds. The MFA impressions were analysed uairigyuker Artax XRFspectrometewith a
collimated beam of 0.65 mm, baperating aslightly different conditions, i.e40 kV, 700 pA and a
counting timeof 120 secondsNote that the conditions weneot exactly the samat the two
laboratories becausef differences in theirstandard protocols, but these differences were not
expected to affect the result$ the XRF measurement$he contribution of the peer and board
behind the impressions were measured in the blank areas (snow on Mount Fuji) and sulsiragted
the proprietary Artax software

2.3.4. Excitationi emission matrix fluorescence spectroscopy

EEM FSis particularly useful for the identificatioof organic colourants on Japanese woodblock
prints especially for safflowereven when it appears as a faded brown colour in a pi6jt
Spectra were acquired with a Cary Eclipse fluorescence spectrometer (Agilent Technologies), wh
has a 15 W xenoflash lamp source (pulsed at 80 Hz, with a fmight peak width of 2s and
power 5075 kW). Analyses were carried out with an external quartz fiber optic mmolae23 mm
spot and WinFLR software was used for acquisition and data analysis. Operati@valength
ranges for both excitatiore{,) and emissiong,,) were 200900 nm. For the EEM fluorescence
spectra acquired during this project, excitation wavelengths between 250 and 600 nm and emiss
wavelengths between 400 and 650 nm were used, withwatliths of 10 nm on both
monochromators. This realistically limited the precision of measaggdnd 8., maxima to no
better than £ 5 nmPrecision was probably poorer than this in a number of instances, due to th
typically broad shapes of the maximaais. During each EEM fluorescence scan, tsity
complete emission spectra were acquired at fixed excitation wavelengths, which were stepped al
nm intervals over the 25600 nm range. The gain on the photomultiplidrewas adjusted for each
analyss area in order to keep the most intense bands on scale. A complete EEM fluorescence s
can be carried out at a large range of selectable sgesdbis study a speed of 4800 nm/s (half the
maximum rate) was chosamwhichproduced runs lasting approxately 2 min thus minimizing print
exposure to radiation during acquisitjevhile also providing spectra with reasonable signal to noise
ratios. To identify the colourantshe EEM spectra obtained for the Red Fuji impressions were
compared with EEM spedctrof reference samples as described @. [

3. Results

3.1. Woodblocks and colourants used to produce Red Fuji

Red Fuji was made using at least four woodblodk& printing processs illustratedin Fig. 2,
which showsa set of six colour woodblock stageoofs for a facsimile reproduction of Red Fuiji.
Japanese printers used only a limited range of colounaritse production of woodblock prints
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during the Edo Periodnd these are listed in Table 8. particular, green colourants on Japanese
woodblock pints were a mixture of a blue and a yellow colourdritis is because theregn
pigments used for paintings were not suitable for woodblockipgiastheir particlesare too coarse

to penetrate the papéiiner particles of these pigments would not proel a sufficiently intense
colour) [20]. The same is true for purpleolourants which werein the vast majority ottases a
mixture of dayflowerblueand safflowef21, 22].

Fig. 2. Set of six colour woodblock stage proofs for a facsimile reproduction of Pink Fuiji illustrating the
printing sequence: (1) outlines, title and signature printed with the first woodblock, (2) light brown printed on
the body of Mount Fuji using the second woodblock, (3) dark brown printed at the top of Mount Fuji using
the same woodblock as before, (4) green printed at the foot of Mount Fuji using the same woodblock as
before, (5) light blue printed in the sky using the third woodblock and (6) dark blue printed at the top of the
impression using the fourth woodblock. These proofs were commissioned by the British Museum and

produced at the Takahashi Studio in Tokyo.
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Colour Colourants

Blue Ai (indigo), bereai (Prussian blue), aobana (dayflower)

Yellow Kihada (Armur corktreei ST Al 6 2NLIAYSYy G0 I1R2 O0SFNIK LA3
(briar or crabapple)

Red .SY3FENI OSIENILK LAIYSYdouoz 0SyA o6al FFt26SND X
lead)

Black Sumi (plant soot)

White Enpaku (whitdead), gofun (shell white)

Table 2. Colourants used for the production of woodblock prints in the late Edo Period in Japan (from [7-
10]). Other colours (e.g. green and purple) were obtained by mixing. When there are several alternative
names for a colourant, the Japanese name given here is the one listed in [9].

As highlighted by the IRRFC image (Fig), the outline of Mount Fuj{when present)the title
cartouche, t he arti st Gasthedottgma Mountdujvare dll printede <
using the sameolour -dark blue or blackand in all likelyhood the same woodblockhis is the
keyblock.Out of the @ impressions we studied6 had dark blue outlineshile the rest had black
outlines.We analysed the dark blue inked forthe keyblockin sevenimpressions of Red Fui.e.
all of the impressionsit our disposalexcept MFA 21.6755MFA 53.495 andMFA 11.17504
which have black outlingsusing FORS The spectra of these impressidred abroad reflectance
peak at 40150 nm which is typical of Prussian blue [12] (this is illustrated in Fig. #&n was
also detected using XRM&hich confirmed the use d?russian bluen the outlines(the other two
blue colourants used on Japanese pimtse Edo Periodindigo and dayflower blue, do not contain
iron). The FORSspectraalsoshowedthe blue inkcontainedndigo for six of theimpressiongKUL
200X @ 413, MG AA.380, BM 1906,1220,0.525MFA 21.6754 MFA 21.6757and TNM A
11176 _) as shown by the asymmetric absorption band at c. 660 nm consistent with publishec
reference spectra for indiga1,18, 19 (Fig. 4). Only one impressio, MFA 34.314, had its outlines
printed in Prussian blue, without indig8imilar compositions for the outlines ¥&a been reported
for otherimpressios in the ThirtySix Views of Mount Fuji serie$5] and otherJapanes@rints
[12,1d. Prussianblue is a synthetic pigment that was recently introduced in Japan and extreme
popular at the time2f]. The black outlies InMFA 21.6755, MFA 53.495 and MFA 11.17504 were
most likely printed usingumi as reported in the literatur@4] and in agreement witthe XRF
analysegno element detectednd FORS measuremeiilsgh absorption ando spectral featurgs
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Fig. 3. IRRFC image of Red Fuji (BM 1906,1220,0.525). Indigo appears red in IRRFC images and it was
this impression to print the outline of Mo

small trees at the bottom of Mount Fuiji.

used in

—~Qutlines

—Green (grass)
——Reddish brown (Mt Fuji)
——Dark brown (Mt Fuji)

——Blue (sky)

Reflectance

400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 4. FORS spectra obtained for the different colours on impression KUL 200X @ 4-13. The inflection
point at 570 nm, characteristic of hematite, on the reddish and dark brown parts of Mount Fuji and the
asymmetric absorption band at c. 660 nm, characteristic of indigo, on the outlines are indicated on the

spectra. Similar spectra were obtained for BM 1906,1220,0.525, GM AA.380, MFA 21.6756, MFA 21.6754

and TNM A-11176_1.
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The secondwoodblock was used for thbody of Mount Fuji. Close examination of the
I mpressions showed that t he dar k ubpopkearG.éop @r
gradation) technique was overprinted on the red brown colour3&igPrining abokashirequires
skill and historical records state that a printer could typigalint 200-300 sheets in a day, but this
numberdropped to 20-30 sheets witha bokashi[10]. This woodblock also included the shape of
small trees along the edge of Mount Fuji that overlap with trees printed from the keyblock (see Fi
5b where these arprinted in orangdrown), creating the illusion of a large number of trefs.
illustrated in Fig 2 steps 24, thiswoodblock was used three times: for the upper part of Mount Fuiji
(usuallybrown, pink orred), for the lower part of Mount Fuji (usuallyegm) and finally for the top
of Mount Fuji usuallydark brown).On theimpressions’GM AA.380; BM1906,1220,0.525MFA
21.6754 MFA 21.6756 and MFA 34.314he presence of iroon thereddishbrownand dark brown
pars of Mount Fuji suggested the use ofd and brown ochreThis was confirmed by the
correspondingFORSspectra, which hadnainflexion point at 570 nptypical of hematite][25] (this
is illustrated in Fig. 4We detected th plantbased dye safflower on MFA 11.17504 the pale
pink areausing EEM FS (Fig6). Sumiwas possibly used to shade the top of Mount Fuji @ th
impression instead of brown ochre as we detected no iron using XRF in this part of the print.

When the geen colourantvasanalysedising XRFon eight Red Fuji impressionsd. all except
KUL 200X @ 413and TNMA-11176_), wedetected arseniaon andsulphug indicatingit was a
mixture of Prussian blue and arsesidphide The presence of Prussian blue in the green areas of
the impressions was confirmed by the FORS spéEira 4), which hada maximum reflectance at
c. 500 nm and a broad minimum reflectanceca®80 nm andmatched published spectra obtained
for mixtures of Prussian blue and a yellow pigmeld [ Arsenicsulphideon Japanese prints from
the 1830s usually corresponds to ylelow mineral orpiment or a synthetic product (most probably
a mixture of crystalline, sersimorphous and amorphous arsesutphideparticles) p6]. Orpiment
and crystalline arsengulphidefade upon exposure to ligf27] and this could possibly explain the
fact thatthe grass at the bottom of Mount Fuji is blue in several of the surviving impressions of Re
Fuji, rather tha green.As a matter of fact, a yellower green edge is sometimtiseableat the
bottom ofimpressios of Red Fuji (e.gseeimpressionMNEMG.TEMP.2016.448n the collection
of the Maidstone MuseumsThis is most likely because feame protected the gds of these
impressions from lightlimiting the fading of the yellow colourant present in theegreolourant
used for the grass

~ . TS

Fig. 5. (a) Micrograph of the snow at the top of Mount Fuji. The red brown and the dark brown do not
overlap perfectly, indicating that the woodblock was used twice; once inked with red brown and another
time with dark brown (BM 1906,1220,0.525). (b) Detail of impression KUL 200X @ 4-13. The outlines of the
trees printed in reddish brown overlap with the trees printed in dark blue.

The thirdwoodblock was used for the intricate design of the clouds in théstdy 5 in Fig2),
which was printed using Prussian blue in all the prints we analgseshown by the XRF analysis
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(presence of ironand FORS spectr@oroad reflectance pealt 400-450 nn). Note how the lower
edge of the clouds has b d&abokashdo u elcdsaedpd)2Bjdor t |
more details on printing technigyesompared to the smooth upper edge of the clouds, producing
visual interest (visible in Fig5b). On the Blue Fuji variant, the pattern of the clouds has only been
printed in the top of the impression (Fig. 6), while in other impressions this part is covered by a dea
bluebokashi(Fig. 1).

Fig. 6. Blue variant of the Red Fuiji print. It is strikingly different from the other impressions of Red Fuiji: the

outlines of Mount Fuji have been omitted, a dark blue bokashi delineates the slopes of Mount Fuji and the

top of the sky is light brown. Unlike the other Red Fuji impressions, the clouds are only visible in the top of
the impression (MFA 21.6755).

This deep and intense blimkashiwas produced using the last woodblock (step 5 in Fig. 2). The
printer(s) also used this woodblock to applyight wash over the sky towardset bottom ofall
impressiol, except the Pink Fuji variantshe blue wash is visible in the white of the clouds. On
some impressions, there is also a dark Ibloieashiin the bottom left hand corner in the sky area,
most likely produced using the same wbtock (Fig. 7). The bokashiand the blue wash were
printed with Prussian blu@ all the prints we analyseas showrby the XRF analyss (presence of
iron) and FORS spectra (broad reflectance peak a#t800n).

On all the Blue Fuji impressiawe locagd, includingMFA 21.6755 the top of the sky between
the clouds is browiiFig. 6). On the MFA 21.6755 impressioBEM FS measurements showed the
ink used for this area contains safflower (Byand dayflower blue was detected using FORS
shown by theabsorption bands at 595 and 650nm, consistent with published?@p(&ip. 9). This
indicatesthat the sky was originally purple at the toptbis impression.it is quite common for
purple to fade to brown on Japanese priB§.[The rest of the skyral the mountainvere printed
using Prussian blue, as identified usXig§F (presence of iron) and FORS (broad reflectance peak at
400450 nm in thecorrespondingpectra)
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Fig. 7. Impression of Red Fuji printed with a dark blue bokashi in the sky above the trees in the bottom left
corner, as indicated by a yellow arrow. The keyblock was printed using black, rather than dark blue, ink.
Two small triangular areas are circled in red in the sky, which were left unprinted and correspond to
woodblock damage (MFA 11.17504).

Fig. 8. Extracted EEM fluorescence spectra showing an overlay of the excitation curve at the fixed emission
wavelength of 495 nm and the emission curve at the fixed excitation wavelength of 520 nm for the pink in
the mountain (MFA 11.17504) and the brown sky (MFA 21.6755) together with the reference spectra for
safflower (from [16]).
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