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ABSTRACT

The cranium (Broken Hill 1 or BH1) from the site previously known as Broken Hill, Northern Rhodesia (now
Kabwe, Zambia) is one of the best preserved hominin fossils from the mid-Pleistocene. Its distinctive combination
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internal composition, paranasal pneumatization, pneumatization of the temporal bone and endocranial anatomy.
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pneumatization and a fairly thick cranial vault. For many of the features analyzed, this fossil does not exhibit the
apomorphic conditions observed in either Neandertals or Homo sapiens ece 1 —">™ e~ e ¢ 1S —ele‘Z1e¢7+75Se
the brain and of the skull may be partly explained by an allometric relationship relative to the features observed
in Homo erectus sill ~ ZYZ>81¢2>27251>Z0ZS>E ‘1’ cele’eel—7EZ0eeS>¢1e"1<Z47Z>15™ ™,
the role of Homo rhodesiensis/Homo heidelbergeimsike course of human evolution.
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precise descriptions of many internal anatomical features of Broken Hill 1, a specimen discovered in 1921. This im-
portant and unique dataset will allow independent comparative studies in the future. However, we were limited
in our study by the very restricted amount of comparatlve information available for Homofossils. In our view, sci-
Z—e E1™MS™MZ5001e7Se’—el 'e'1¢'71S—Se”""ESeleZeE> ™Me' " —17e1'" "' —'—1™Z(
—7 19 ®@EYZ>Z®1S—el"eleeEZee’' " —@l el =™ >eS _e1l@e™ZE -Z—a@le Z—s1-.
and quantitative data that truly allow for further independent research.
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Figure 3. 3D topographic mapping of the variation of total bone thickness rendered using a color chromatic scale (thickness increa
from white to yellow, corresponding to a variation between 2mm and 22mm) in anterior, left lateral, posterior, and superior views.
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TABLE 2. LANDMARKS USED IN SINUS EXTENT MEASUREMENTS (see Figure 5).
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Abbreviation  Definition Measurement
MLE Maximum length (PCA) 172
MWE Maximum width (PCA) 137
WSE Maximum width measured at the supramarginal gyri 123

Maximum width measured at the foot of the 2nd parietal
convolutions

WBCcE Maximum width measured at Broca's cap 101
Maximum width measured at the orbital part of the 3rd frontal

WPfE 125

WOfE . 78
convolutions
WFE Maximum width measured at the foot of the 3rd frontal convolutions 108
BBHE Endobasion-endobregma height 120
BVHE Endobasion-endovertex height 119
MHIE Maximum height above the maximal length (PCA) 51.5
BHIE Height of endobregma above the maximum length 49.5
Frontal chord (between the base of encephalic rostrum and the
FalC intersection between the central sulci and the interhemispheric 114.5
fissure)
Parietal chord (between the intersection between the central sulci
PalC and the interhemispheric fissure and the intersection between the 63
perpendicular sulci and the interhemispheric fissure)
Occipital chord (between the intersection between the perpendicular
OalC sulci and the interhemispheric fissure and the posterior 57
interhemispheric point)
S Fal Surface of the frontal lobe (values for right and left sides) 73.5/69.8
S PTal Surface of the parieto-temporal lobes (left side) 94.6
S Oal Surface of the occipital lobe (left side) 32
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of structural bone composition, the frontal sinuses occupy

TABLE 4. CRANIAL VAULT THICKNESS  (in mm)
OF BH1 AT SOME SPECIFIC POINTS (v alues are
means of several points near the landmark [see text] ).*

the anterior third of the frontal bone. Posteriorly, the ta -

Landmark CVT (in mm) side <-zcelvé>21 Z“Vl" Z>ZV—-’S-Z-1S—-1§2§—-'VS
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suture is patent and therefore the bone tables are not dif
ferentiated in this area.
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A small depression is visible exocranially on the left pari -
etal bone at the intersection of its anterior third and at its
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Wo the area of the occipital torus. Unfortunately, this last

anatomical area is not completely preserved and its thick-

ness cannot be estimated. Finally, the thickness decreases
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diploic layer is the main component of the total bone thick -
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the mastoid tip lesion, and the petrous lesions are post-
mortem defects. However, in contrast to several previous

the vault, but it also has a continuous and substantial ver-
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assessments, we consider that the squamous temporal b9r3e thickened area runs from the mastoid process towards the
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infero-lateral extension of the frontal bone, in the center of
the temporal squama and on the nuchal plane.
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decreases rapidly posterior to the frontal torus. It then var -
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bone, thickness decreases toward its most infero-posterior ¢ZVYZe "™ _7 —e1"e1e'71 ™S5’ 7ZeSele " «Z010'iZ

corners, where the bone is very thin, around 2mm. This S—e7¢S>1¢¢>’ 01 'eZ1e'Z1<"—Z1 @1l ——7>
thinner area extends vertically and corresponds exactly of thevp:';lrietal bopes, yvljere the surface is more vertiE:aI. 3
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variations are visible, however. The clearest asymmetry is

observed in the center of the parietal bone, around the area

of the parietal eminence. Here, the left side is thicker than
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cranial structures.
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for the internal table is 2.9mm. On the left parietal bone, a
E'>EZ72S5518>ZS17e1Xi[E-1"—1'Z1EZ—+7Z>1"+1'721<"—71'Se1S1+"E"

—Zewel '«'181-72S—1YSe727Z17«1WVi_——-i1l —1¢'e1S5>2881'21-2S5—1
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of the tooth, the pulp cavity volume of the left central inci - pulp canal.

sor is also underestimated. In the side view, the labial and The molars have three roots, with the exception of the
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In side view, the labial surface of the root is convex from the paracone and protocone.
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The upper canines present a more oval cross-section S>S—Sa@Se1l ™ —77H@«fBr8al “makillary and
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hand slice) and left (right hand slice) slides. Not to scale.
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TABLE 5. SINUS METRICS FOR BH1. *

Sinus Frontal L. maxillary R. maxillary Sphenoidal
Measurement Vol SA SIV Vol SA SV | Vol SA SV | Vol SA SIV
38478.6 14604.1 0.4 | 38050.7 8142.3 0.2 | 39978 9079.2 0.2 | 16466 6847.7 0.4

*Vol: volume (mm 3), SA: surface area (mn3), S/V: surface area to volume ratio
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TABLE 6. MEASU REMENTS OF SINUS EXTENTS FOR BH 1 (mm) (see Figure 5).

Measurement Sinus

Frontal  Left Maxillary Sphenoidal

*ScZeeS1e” SreelL>Z-5 [Viw 1

eScZeeS1e” ZokbBlee”—SeS571A-™" {40 1

¢ScZeeS1e” Soyeplre"—SeZ>/M 5B 7 ZXil 1

eSc¢ZeeS1e” Srecdl1—Se'"— X_ 1V 1 n
Ze®eS>71+" Srecell —S’~— 1 XA X
Z¢BeS>71+" Sretel & Y 1 X AW
285571 Z»EBde—Si'+4S5>7 1 Z]iy

ZBeS>71+" FIr»e@lSrel™ teeZ>' "> 11 [X1] 11
T —1e” SHABRUNS -7 —11YSeZ 1 Y Vin
"> "7 S>ecpel®™H>S-Z—11YSZ Y 1Y
"> —1e" Sree1kSe’T— 1 W_1iX
“y—'"—1e" Ss>e@1l™iT@e T — il il W 1

Z-™"58e1¢"—71™ __77-Se' £STHetend 'oZ>Z1 700

poral pneumatization is well preserved inside the left tem -

poral bone, except where a hole (see above) penetrates

the antero-superior portion of the mastoid process. Air
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the lowermost extension of the mastoid process and at the

postero-medial extension of the superior surface of the pe-

trous bone. The volume of the preserved pneumatization is
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tend from this cavity, particularly in planar view. Pneuma -

tization is well developed in the petro-mastoid area. Ante -

riorly, cells are present as far as above the external auditory

meatus. Superiorly, the pneumatization is limited to the
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squamous temporal. Inferiorly, cells are present in the ante-
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extension of this process, but are only present in the more

anterior and uppermost extension of the juxtamastoid emi -
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of the temporal bone. Posteriorly, some pneumatic cells,

located in the summit of the mastoid, reach the level of the
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than those observed above the level of the external auditory in grey; pneumatization is visible by transparency and is shown

meatus and when closer to the petrosal apex. in darker color as well as the cochlea and semi-circular canals.
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Figure 9. 3D models of the endocast of BH1 in superior and left lateral views. Representation in antero-lateral views of the 3D recol
structions of the skull shown by transparency and of the endocast.
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Figure 10. 3D topographic mapping of the variation of total bone thickness rendered using a chromatic scale (thickness increa
from white to black, corresponding to a variation between 2mm and 22mm) in left and superior views in BH1, Petralona, Cro-Magn
1, La Ferrassie 1, and Sangiran 2.
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RL* R(MD)* R(LL)* RSA* CA* RV* RPV* R(MD)/R(LL)

Tooth Taxa n
(mm) (mm) (mm) (mm2) (mm2) (mm3) (mm3) -
ull A:fm:van Tvl 1 20.35 8.53 8.56 407.49 59.86 664.10 49.62 1.0
Z>Z@Be7z®
Asian i1Z>7Z@ 1 15.40 7.23 6.62 269.06 36.37 364.75 18.70 0.92
EMH 3 16.61 7.03 7.14 265.76 36.75 346.74 18.21 1.03
NEA 17 17.23 7.04 7.58 315.31 41.88 452.00 37.25 1.09
UPEPIH 6 13.50 6.81 6.86 220.25 36.04 27495 10.87 1.01
RMH 24 12.94 5.88 6.33 192.33 29.93 225.60 8.74 1.08
U fEEm A 1 1884 501 833 42532 36.61 464.92 27.32 1.66
Z>Z@eZ0e
EMH 3 15.08 7.03 7.14 230.04 36.75 266.53 21.66 1.38
NEA 18 17.62 6.11 7.96 343.08 39.59 487.24 31.36 1.31
UPEPIH 6 13.70 4,78 6.20 188.35 22.90 193.01 7.74 1.3
RMH 22 12.98 4.60 5.87 172.11 22.01 172.22 6.90 1.28
ucC Asian i1Z>7Z@ 2 21.60 7.20 11.09 501.16 63.55 811.87 67.02 1.54
EMH 3 18.19 6.26 8.74 315.30 42.53 426.43 28.79 1.39
NEA 12 2251 6.18 9.35 454,30 46.18 650.57 36.65 1.51
UPEPIH 8 1690 571 8.68 278.24 27.11 34356 16.36 1.52
RMH 12 16.07 5.31 7.63 25420 21.97 308.10 9.54 1.44

* RL: root length; R(MD): mesio-distal root diameter; R(LL): labio -lingual root diameter; RSA: root surface area; CA: cervical area; RV: root
volume; RPV: root pulp volume; Ul: upper incisor; UC: upper canine; BH: Broken Hill; EMH: early modern humans; NEA: Neanderta Is;
UPEPIH: Upper Palaeolithic and Epipaleolithic/Mesol ithic humans; RMH: recent modern humans.
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This morphometric analysis provides additional data about
some cranial features and their related internal variations,
Figure 11. All preserved sinuses in (left to right) Bodo and Pe~ ‘171 “"E'1'SYZ1<ZZ—1@zeeZ0oeeZs1+ " 1<Z 1
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TABLE 8. SIZE-CORRECTED SINUS MEASUREMENTS USING G -FMT
(glabella to frontomalare temporale). *

Frontal L. maxillary R. maxillary ~ Sphenoidal
Specimen Vol SA Vol SA Vol SA Vol SA
BH1 ANZIV XZ[1] AYTIV WYVATTX WX [iL WWIiX
Bodo WZ[IWKZYL 1 1 WXYiW[ 1 1 1
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2S@7>2-7—+08M"2Y¥ 2?7018 »1S>72S il >7"Z—1 '+ 1 WIS ES 2> -1

—"E>" 1+5+51S5018<"VZ281 "e"1S—+1 Z2+>S+"—81-7S®%>21"—1-72"ES+1 1leES—cel
Vif— 241 VEELilW-a5 — A W1 W- L1 W-&BZe™ZE"YZe¢81SeS1e>"—1"—cee’'s7+'"—c@l’ —1e'2]
SE"—" eZeeZA7Z—ecei

TABLE 9. SIZE-CORRECTED SURFACE AREA TO VOLUME RATIO FOR
EACH PRESERVED SINUS FOR BROKEN HILL 1, BODO, AND PETRALONA.

Specimen Frontal L. maxillary R. maxillary ~ Sphenoidal

SIV SIV SIV SIV
BH1 X1 1Y Wi Wi L[ Y iAW
Bodo Wign n WiX _ 1
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Figure 13. First and second principal components of the two-dimensional geometric morphometrics analysis of the exo and endoc
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Figure 14. First and second principal components of the two-dimensional geometric morphometrics analysis of the exo and e
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