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Drilling and Dating New Jersey 
Oligocene-Miocene Sequences: Ice Volume, 

Global Sea Level, and Exxon Records 
Kenneth G. Miller,* Gregory S. Mountain, the Leg 150 Shipboard 

Party, and Members of the New Jersey Coastal 
Plain Drilling Project 

Oligocene to middle Miocene sequence boundaries on the New Jersey coastal plain 
(Ocean Drilling Project Leg 150X) and continental slope (Ocean Drilling Project Leg 150) 
were dated by integrating strontium isotopic stratigraphy, magnetostratigraphy, and 
biostratigraphy (planktonic foraminifera, nannofossils, dinocysts, and diatoms). The ages 
of coastal plain unconformities and slope seismic reflectors (unconformities or stratal 
breaks with no discernible hiatuses) match the ages of global 6180 increases (inferred 
glacioeustatic lowerings) measured in deep-sea sites. These correlations confirm a causal 
link between coastal plain and slope sequence boundaries: both formed during global 
sea-level lowerings. The ages of New Jersey sequence boundaries and global 6180 
increases also correlate well with the Exxon Production Research sea-level records of Haq 
et a/. and Vail eta/., validating and refining their compilations. 

Eustatic (global sea level) changes exert one 
of the primary controls on the stratigraphic 
record ( 1 , 2), although controversy surrounds 
the age, magnitude, and mechanism of these 
changes (3). Vail et d. (4) and Haq et d. (5) 
reconstructed eustatic history by applying se- 
quence stratigraphy to a global array of pro- 
prietary Exxon Production Research (EPR) 
data comvrisiner seismic vrofiles, wells, and 
outcrops. ~ r e v i i u s l ~  released ~ ~ ~ a e i s m i c  data 
demonstrated that Oligocene to Recent se- 
quences are well defined beneath the New 
Jersey shelf, although the age control on these 
sequences was poor ( 2 1  million years or 
worse) (6) .  To improve understanding of sea- 
level change, we collected additional mul- 
tichannel seismic data (cruise Ew9009) and 
traced seismic sequences from the New Jersey 
shelf to the slope (7). These sequences were 
dated at four slope sites drilled during Ocean 
Drilling Project (ODP) Leg 150 (8) (Fig. 1). 
Drilling onshore at Island Beach, Atlantic 
City, and Cape May, New Jersey (ODP Leg 
150X; Fig. I), provided additional ages and 
facies of these same sequences in much shal- 
lower paleodepths (9). This report synthesizes 
Leg 150 and Leg 150X chronologic studies of 
Oligocene to middle Miocene sequences that 
are preserved onshore and have the clearly 
visible seismic reflection terminations off- 
shore. We compare the stratigraphic record of 
the New Jersey sequence with published 6180 
records (Figs. 1 and 2) and with the inferred 
eustatic record of Haq et d. (5). 

K. G. Miller, Department of Geological Sciences, Rutgers 
University, Piscataway, NJ 08855, USA, and Lamont- 
Doherty Earth Observatory of Columbia University, Pali- 
sades, NY 10964, USA. 
G. S. Mountain, Lamont-Doherty Earth Observatory of 
Columbia University, Palisades. NY 10964, USA. 
The members of the Leg 150 shipboard party and the 
New Jersey Coastal Plain Drilling Project are listed (33). 

'To whom correspondence should be addressed. 

Deep-sea 6180 records provide a proxy for 
ice volume and sea-level (glacioeustatic) 
changes during the Oligocene to Recent 
"Icehouse World" (1 0, 1 1 ). Glaciomarine 
sediments near Antarctica and deep-sea ox- 
ygen isotopic records (10, 11) indicate that 
large ice sheets have existed in Antarctica 
since the earliest Oligocene [-35 million 

years ago (Ma) (12)l. Because ice preferen- 
tially sequesters light oxygen isotopes, fluc- 
tuations in ice volume cause changes in 
global seawater 6180 (6,). These global 6, 
changes are recorded by benthic and plank- 
tonic foraminifera along with variations in 
seawater temperature and local isotopic 
composition. Comparisons of benthic and 
low-latitude (nonupwelling) planktonic fo- 
raminiferal 6180 records can be used to iso- 
late ice volume effects from local isotopic 
and temperature changes (13). Using this 
strategy, Miller et d. (10) and Wright and 
Miller (14) identified 12 Oligocene to Mio- 
cene benthic foraminiferal 6180 increases 
(all >0.5 per mil); these increases culminat- 
ed in 6180 maxima that were used to define 
zones Oil  to Oi2b and Mil to Mi7 (Figs. 1 
and 2 and Table 1). Six of the 6180 increases 
are also recorded by tropical or subtropical 
planktonic foraminifera; the other six lack 
suitable low-latitude isotopic records. Miller 
et d. (10) interpreted coeval increases in 
benthic and planktonic 6180 records as the 
consequence of glacioeustatic lowerings of 
-30 to 80 m. O n  the basis of the ODP Site 
747 6180 record (Fig. I), we suggest that the 
Mi3 increase (13.4 to 14 Ma; Table 1) can 
be split into two increases (Mi3a and Mi3b). 
We assume that all 13 Oligocene to early- 
to-late Miocene 6180 increases (Figs. 1 and 
2) reflect million-year scale increases in ice 

Fig. 1. Comparison of the timing of middle Miocene reflectors on the New Jersey slope with three benthic 
foraminiferal 6180 records (units are per mil). Zones Mil b to Mi6 are oxygen isotopic zones associated 
with the 6180 increases. Reflectors m5.2 to ml are dated on the New Jersey slope. Two independently 
dated sets of stippled lines are shown: (i) lines are drawn through-inflections in the 6180 records; (i i )  ages 
of the reflectors are shown as best estimates (lines) and error bars (boxes) (Table 1). Oxygen isotope data 
for ODP sites 563 (western North Atlantic), 608 (eastem North Atlantic), and 747 (Indian sector, Southern 
Ocean) are generated on Cibicidoides spp. after Wright and Miller (14). Inset map shows locations of the 
onshore and offshore drilling sites. 
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volume, although additional low-latitude 
planktonic foraminiferal S180 data are need- 
ed to confirm this (15). 

Oligocene to Recent seismic reflections 
beneath the New Jersey shelf exhibit ero- 
sional truncation, onlap, downlap, and top- 
lap and are thus objectively identified as 
sequence boundaries (4, 6, 8). We traced 
these sequence boundaries from the shelf to 
the slope, using both EPR and Ew9009 mul- 
tichannel seismic data including Red, Tus- 
can, Yellow-2, Pink-2, and Green (6) plus 
Ochre, Sand, True Blue, Pink-3, and 
Green-2 (8). To simplify the nomenclature 
and incorporate reflections restricted to the 
slope, we use a unified alpha-numeric 
scheme (01, m6; Figs. 1 and 2 and Table 1) 
based on the results of ODP Leg 150 (8). 

We derived time-depth relations for cor- 
relating seismic profiles to the boreholes 
from three sources: the velocity log from the 
Continental Offshore Stratigraphic Test 
(COST) B-3 well, semblance velocities 
from analysis of Ew9009 Common Depth 
Point (CDP) stacks on the adjacent shelf, 
and sonobuoy data from the continental 
rise (8). Synthetic seismograms derived 
from log (8) and core physical properties 
data (1 6) were used to evaluate these cor- 
relations. The sedimentary expression of se- 

Fig. 2. Cornpari- 
son of the timing 
of Oligocene to 
middle Miocene 
reflectors on the 
New Jersey slope 
with a benthic fo- 
rarniniferal 6180 
record, a sum- 
maly of onshore 
sequences, and 
the inferred eu- 
static record of 
Haq et a/. (5). The 
6180 record is a 
stacked compos- 
ite of Cibicidoides 
spp. from several 
sites that has 
been smoothed 
to remove all pe- 
riods longer than 
-1 million years 

quence boundaries on the slope is muted 
because of relatively uniform Oligocene to 
Miocene lithologies (silty clays) (8), and 
several reflectors are associated with a cor- 
relative conformity (17). Still, many se- 
auence boundaries are associated with hia- 
tuses or increased sand content immediately 
above the boundary, both of which yield 
impedance contrasts (8) and consequently 
seismic reflections. 

We developed the Oligocene to middle 
Miocene chronology on the slope by inte- 
grating Sr isotopic stratigraphy (17) and 
magnetostratigraphy (18) with planktonic 
foraminiferal (1 9), nannofossil (20), dino- 
cyst (21), and diatom (22) biostratigraphy 
(Table 1). We do not discuss late Miocene 
to Recent history here because (i) the chro- 
nology of the upper Miocene slope sections 
is still uncertain. (ii) Pliocene strata are , . ,  
poorly represented in the slope boreholes, 
and (iii) the recovered Quaternary sections 
were restricted to the middle Pleistocene 
(stages 15 to 5.5) and Recent (23). 

Onshore boreholes recovered fossilifer- 
ous Oligocene to middle Miocene strata; 
younger strata were mostly unfossiliferous 
and undateable (9, 24). We identified un- 
conformities (seauence boundaries) in the . s 

onshore boreholes using physical stratigra- 

(32); Oil to- Mi6 
are 6180 maxima; 
dashed lines indi- 
cate inflections in 
the 6180 records 
immediately be- 
fore the maxima. 
Reflectors 01 to 
rnl are dated on 
the New Jersey 
slope and are shown with best age estimates indicated with thin lines and error bars indicated with boxes 
(Table 1). Onshore sequences are indicated by dark boxes; the white areas in between are hiatuses. 
Sequences 01 to 06 are Oligocene, and KwO to Kw-Cohansey (Coh) are Miocene onshore New Jersey 
sequences; cross-hatched areas indicate uncertain ages. Sequences TA4.4 to TB3.1 are from Haq etal. 
(5), and arrows are drawn at the inflection points in their inferred eustatic record. 

phy, including erosional contacts, rework- 
ing, bioturbation, major facies changes, 
gamma-ray peaks, and paraconformities in- 
ferred from biostratigraphic and Sr isotopic 
age breaks. Onshore sequences consist of 
basal transgressive deposits (Transgressive 
Systems Tracts; glauconitic in the Oligo- 
cene; occasionally shelly in the Miocene) 
that progressively shallow upsection to me- 
dial silts and upper sands (High-Stand Sys- 
tems Tracts): low-stand deoosits are not , , 

found on the coastal plain but are restricted 
to beneath the shelf and slope (6). Miocene 
onshore sequences were named KwO to Kw- 
Cohansey (9, 25), whereas Oligocene se- 
quences were termed 0 1  to 0 6  (26). Age 
control for the Miocene onshore sections 
relies primarily on Sr isotopic stratigraphy 
with an age resolution of 20.4 million years 
for the early Miocene and 20.9 million 
years for the middle Miocene (27). Diatom 
and planktonic foraminiferal biostratigra- 
phy supplements Miocene onshore control 
(9, 25). We derived age control for Oligo- 
cene onshore sections by integrating mag- 
netostratigraph~, biostratigraphy (plank- 
tonic foraminifera and nannofossil). and Sr . . 
isotopic stratigraphy, with a resulting strati- 
graphic resolution of better than 20.5 mil- 
lion years in most cases. 

There is excellent correlation between 
the timing of the major Oligocene to mid- 
dle Miocene slope reflectors dated at the 
Leg 150 slope sites and glacioeustatic low- 
ering~ inferred from the S180 record (Figs. 1 
and 2 and Table 1). Reflectors 01, m6, 
m5.6, m5.2, m5, m4, m3, m2, and ml cor- 
relate with the Oil, Mil, Mila, Milb, Mi2, 
MDa, MUb, Mi4, and Mi5 S180 increases, 
respectively (Figs. 1 and 2 and Table 1). 
This similarity confirms a link between se- 
quence boundaries traced from the shelf 
and glacioeustatic changes. Of the reflec- 
tors, only m5.4 does not appear to have a 
corresponding S180 increase. Of the S180 
increases, only Oi2b and Oi2 fail to have 
equivalent reflectors because Oligocene 
seismic resolution is limited by the thin 
section and concatenated reflections on the 
slope (Fig. 2). 

Detailed comparison of the ages of slope 
reflectors and their corresponding error es- 
timates with three of the middle Miocene 
benthic foraminiferal S180 records used to 
define the Mi zones (Fig. 1) shows remark- 
ably similar ages for the S180 inflections 
and reflectors. This comparison indicates 
that the sequence boundaries formed during 
intervals of rapid glacioeustatic fall, as pre- 
dicted by various models (28). 

This link between offshore New Jersey 
sequences and S180 records is further 
strengthened if one compares the slope se- 
quences with their correlative onshore 
counterparts (Fig. 2). Early to middle Mio- 
cene onshore sequence boundaries correlate 
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a.ell with major E1'O Increases (24.  25) 
(Flg. 2 anii Table I ) ,  iiiilicatillg that these 
unco~lformities were termed by global sea- 
level l o ~ v e r l ~ ~ g s .  Oligocene O i l .  Oi2, a n ~ l  
Oi2h 6lSO Increases also correlate with on- 
sllore sequences 0 1 ,  0 3 ,  and 0 5 ,  respec- 
tively (26) .  Secjrleilce b o ~ ~ n d a r ~ e s  0 2 ,  0 4 ,  
and 0 6  may correlate ivltli minor 6"O 
increases noted in recently p ~ ~ l l l ~ s h e ~ i  
records (29) .  

T h e  onihore and offshore sequel~cei 
compare n.ell nrith each other and \vltll the 
6'" record. T h e  escept i~)ns  arc ,I< hl lo~vs:  
( i )  Tllc Ka- lc  sequence houilciary correlates 
wit11 the 1115.4 slope retlector liut n.it11 110 

6 " 0  change a-ithin 1 mi1li~)n years. Either 
Klvlc or m5.4 i e i luc~~ccs  are the result ot a 
local lonrcring of h i e  le\-el, or they may 
correlate u l t h  a mlnor 6"O Increase at 
a h o ~ ~ t  21 hla  (14) .  ( i l)  T h e  K\\-2c bcclLleilce 
hounciary has n o  definite offshore counter- 
part. N!e arc uncertain of the  signitical~ce o t  
this sequence l i o u n ~ l a r ~  onshore b c c a ~ ~ s e  it 
112s been rec~)vere~l  at ~ ) n l y  one borehole 
(Cape L,la\-). (ili) T h e  0ligi)celle onihore 
l~oreholes record sequences not re<olved 011 

slol:e selsinlc profilei becauie of s l ~ ) ~ e  seL11- 
IIICII~ s t<~r\ -a t i i>i~.  

Al though the  record c>f Hall c t  ( ~ l .  (5) 
has come ullder crltlcism as a r e l ~ a l ~ l e  111- 

dicator of eustatic change ( 3 ) ,  there is 
esccllcnt correlation lietn.eel1 the  record 
of Hail c t  it!. ancl the  S e w  1e1-scv rcck)rils 111 

hot11 the  n ~ ~ m b e r  and ages Ol~gocene  to  
micldle hlioccne seiluences (Fi.. 7 ai1J Ta-  
ble 1 ) .  Comparison o t  the  ages o i  the  tlvir 
i n d e l ~ e ~ ~ c l c n t  scti of sequences sho~vs rllc 
follo\ving eiicntially idelltical ages  TR7.6 
a i d  1112 seclucncci (-12.6 ; \ la);  TB2.5 and 
1113 (-13.6 Ma) ;  TB2.3 and 1115 (16.5 to 

16.9 hla) ;  and TR1.5 a n ~ l  1115.6 (22 Xla). 
Tile ages of the  Ol~goccne  TR1.4 and m6, 
T B l . 3  a i d  0 6 ,  TB1.3 and 0 5 ,  TB1.2 and 
0 3 ,  TB4.5 anLl 0 2 ,  a11d TB4.4.  nil 0 1  
sequellce\ are silllilar 1111e11 they are car- 
rected for ~lifferences ill the  time scale 
used in each s t~ldy (Ji?). T h e  record t f  H,rq 
c t  L r l .  (5) also comlTares well ~ v i t h  the  6"O 
increase> (Tahle 1 ). However, o n  the  l ~ , l s ~ ~  
of our correlation to  the  Nclv Iersey se- 
queilces and E1'O reci)r,ls, there are dif- 
ferences compared to the  agei of se\-ewl 
o t l ~ e r  o t  the  bliocene iequcnces of Hail i.t 
nl. (Table 1 ) .  I t  apycars that  TB3.1 (19.5 
Xla), TB2.4 (15.5 h l a ) ,  a n ~ l  TB2.2 (17.5 
Xla) correlate with -1 1-;\'la, 14.S-LfC1, and 
ld.5-k1,1 slope reflectors a n ~ l  n.ith the  
-1 1.4-h' lc~, 14.4-hfa, L I I ~  lS.5-k1<1 6 " 0  
increase\, re.;pectively (Tahle 1 ) .  T h e  mi- 
nor iliftereilses 111 age ( T a l ~ l e  l )  alllallg the  
sequences of Haq c t  ti!., N e ~ v  Jeraey s l iq~e 
re t lect~)r \ ,  a n ~ l  the  6"O increases are gen- 
erally \ v ~ t l ~ i n  the  errors 111 clatlng t l ~ c  mar- 
gin sequences. For example, difference.; 111 

age hetn-eel1 the  6"O i n t l e c t i ~ ) ~ ~ . ;  , i l~c i  the  
New Jersey eque l l ce<  are l e s  t11,11i 9 .6  
mlllic>n years in all case< b ~ ~ t  one (Talilc 
1 ); ciitterencei n.1t11 tl1e record of kiaq 2 t  ( I / .  

are larger l~eca~rse  the  latter relie~l o n  a-ell 
c ~ ~ t t ~ i ~ g s  [ p a r t ~ c ~ ~ l x l ~  011 tl1e S e w  Jersey 
marg111 (6 ) ]  and not  o n  c o n t i n ~ r ~ ) ~ ~ s l y  cored 
Iwrelloles. 

W e  suggest that the ages of tl1e 6"0 
Increases (intlect~on.; 0 1 1  Table 1)  ~ r o \ . ~ i l e  
the best estimate.; 011 the t11111llg I)$ Oligc>- 
cene tn ;\-l~i>ceile euhtatic falls anLl thdt ~111- 

conf~)rm~ties  (i l lcl~~iiing seisilllc secjue~lcc 
l~)unciar~es)  are tormcJ d~lrin:: h11. ill i c ~  
l e d .  C3ur recoreis slii~n- tllar clepnsition re- 
sumeii in the coastal plain 1.)- the tiine o i  the 

l i~~vest  li)\v stCilld (IIIJSIIIILI~II S1'O values; 
Fig. 2) .  Our m ~ r g i n  chronologic resi~lution is 
ins~~iiricient ti) el-aluate .;mall leacis ancl lags 
(<1/4 of a cycle or a re~olutioll c>t better 
than 0.25 to C.5 lllillioil yearb) het\veell eu- 
static hllu and the tilllillg u i l ~ ~ ) n f o r ~ l l i t ~ e s  
or h ia tues  on the S e n -  J e w \ -  margin. Reyn- 
olcis et a/. (3  1 ) useel tor\var~l 111~)dels tc  pi-eii~ct 
that the ~~ncc>nt;~rmities hepin to tc)r111 on 
1 1  1 1  ulxiding nlai-gills u c l l  ,xi S c ~ v  
Jersey i.arly ill the fall o t  sea level (before the 
intli.ctio11 and the maximum rate of fall). 
1Y7e canilot \-et evaluate at ~vha t  lmint in a 
eustatic t i l l  thc ~ ~ n c o n t ~ r ~ ~ ~ i t ~ e s  beain t ~ )  form 
o n  this margill. 

Al tho~igh ~t is not possible to c \ . a l~~a te  
f~1111- the aee errors ill the EPR recorcis, ours 
call be specifieil. S t r a t i g r a ~ l ~ ~ c  r e s o l u t i ~ ) ~ ~  is 
coarse ill some intervals (k)r example, re- 
flecturs 1115 anil 1115.4 llave age mcertalntles 
of at least i 0 . 9  a i d  i 1.1 m1111~)n yeara, 
respect~vel\-; Tahle I ) ,  xvhei-ea, others are 
\yell dated IT\- ~i~rcgratil lg Sr li<)topic, mag- 
netoitratigr2rpl'ic. and biostrat~gral,hic A t a .  
For ex,~myle, the small ~ l l ~ c e r t a ~ l ~ t y  111 the 
ace c>f retlector 1116 (23.8 = C.2 hla) allo\vs 
a precise ailcl ~1nec1~1ivoial correl,1tion with 
the Mi l  os\-gel1 ~scltopic illcrease (llltlec- 
t1i111 at 23.3 h1;r; Fig. 2).  

Given that s ~ ) m e  retlectors and <eiluenc- 
es ha\-e age err~7rs o t  greater thall 0.5 11111- 

11011 je~rrs, one cc>ulil argue that the corre- 
lations sho\+-11 011 Fles. 1 and 2 are at  l x i t  
fo r tu i to~~s  and, at Ivorsc, are be\-ond the 
precisloll uf the geocl~ro~nolog\- thai \I-e 
have use~l.  Using this ArgLlment, Miall (3 )  
clnlmeJ that str;~tigraphic r e s o l ~ ~ t i o i ~  inay 
not he sutflcient ti) i l~)cument precise cor- 
relation a i d  cauial link\ lletween sequences 
and the  glc7hc~l >ynthc\i\ of Hail e t  L1l. (5). 111 

Table 1. Comparison of Sr isotope-based age estmates of O g o c e n e  usng the new (1 996) tme scale of Berggreti era! (72) We obtaned corrected 
middle b.4iocene sesmic reflectors, Neir Jersey continental slope v ~ t h  on- ages of Haq etal. (5) by nearly riterpoatng ages betweeti TB1 .4 corrected 
shore sequences (24, 263, oxygen Isotopic increases (10, 141, and tqe se- for time scale dfferences (24 2 versus 25 3 Atla), the revised age of the TBI 1 
quences of Haq era/. (5). The coii,rnti labeled Best uses the older 11 985) tme sequence of 32.2 Ma (30). and tlie revisecl age of TA4 4 of 35.9 Ma (30). 
scale. whereas the column labeled BKSA95 provdes the ages of seqi:ences 

Age esimate (b.4a) fi'~O Faq era/ 
-- -- 

Slope Oristiore 
reflector Age/ 

BKSA95 sequence Zone Maxrmuni Best (error] Sequence corrected nflecion age 

ml (Tuscan) 
m2 1 Yello~;,!-2) 
173 (Blue) 
m4 (Pnk-2) 
m5 (Green) 
m5,2 (Ochre) 
m5.4 1Sandj 
m5.6 (True blue) 
m6 (Pnk-3) 

ol (Green) 35.8-36.7 132-36.7) 

TBI . I  
TB4.5 
TA4.4 

'Not a forral sotoac zore. 



contrabt, we propose that it is unnecesbary 
to dcrnonitrate that every event correlatei 
with a rciolution of hetter than 0.5 mil- 
lion yearb. '&!c have anchored key strati- 
graphic levels (iuch as reflectors m l  to m4 
and 1n6) to a prcciic chronology and rc- 
port a iirnllar number of cvcnts in hoth 
the margln and S1'O records, ~n i l~ca t ing  
that unconformities (sequence bound- 
aries) correlate with glacioeustatic lower- 
ings. By firmly dating the sequences and 
providing error estimates for these ages, 
we provide a template of Oligocene to 
Miocene sequences that will be cornpared 
with records from other margins. 
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Self-Assembling Dendrimers 
Steven C. Zimmerman,* Fanwen Zeng, David E. C. Reichert, 

Sergei V. Kolotuchin 

Hydrogen bond-mediated self-assembly is a powerful strategy for generating large struc- 
tures from smaller subunits. The synthesis of molecules containing two isophthalic acid 
units covalently attached to a rigid aromatic spacer is described. By normal pairing of 
carboxylic acids into hydrogen-bonded dimers, these molecules self-assemble in organic 
solvents to form either a series of linear aggregates or a cyclic hexamer. These molecules 
were linked to the core of a family of polyether dendrimers, which caused the hexamer 
to be formed preferentially. The stability of the hexamer depended on the generation 
number of the dendrimer. The largest of these hydrogen-bonded macromolecular as- 
semblies is roughly disk-shaped with a 9-nanometer diameter and a 2-nanometer thick- 
ness. Its size and molecular mass (34,000 daltons) are comparable to that of small 
proteins. 

O n e  of the hallmarks of biological orga- 
nization is the noncovalent assembly of 
large structures from smaller subunits. The  
self-asseml>ly strategy not only ~ n i n i m i ~ e s  
the energy invested In synthesis, it maxi- 
m i ~ e s  the accuracy with w h ~ c h  the hub- 
units can be produced, and therefore bet- 
ter guarantees the structural fidelity of the 
~ ~ l t i m a t e  assembly. The  m n e  reasoning 
and principles have been applied recently 
to the construction of al~iotic structures, 
where the chemical synthesis of com- 
pounils with nanometer ilimensions re- 
mains a f;>rmidable challenge ( 1 ) .  Among 
the most notable nanoscale compounds 
synthesized to date are the ilendrimers, a 
group of highly branched ~~~acrornolecules  

emanating from a central core to a periph- 
ery that becomes more dense with increas- 
ing generation numl~er  (2-5). A wide 
rmge of dendrimers have been prepared 
through iterative synthesis. 

Llenilr~mers can be made in lnultigrarrl 
quantities, and their large size and control- 
lable peripheral functionality make them 
ideal builiiing blocks for assembling larger 
nano- and mesoscopic structures in solution 
(2 ) .  For example, amphiphilic compounds 
wherein a hyilrophol>ic ilenilr~mer resides at 
one end of a hydrophilic polyethyleneoxiile 
polyrner aggregate in aqueous solution (4) 
and act as surfactants (6). Likewise, the 
hydrophobic linker in durnbl>ell-shaped ar- 
borols stack to form roil-shaped assemblies, 
resulting in gel formation in aqueous solu- 
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University of l inos,  Urbana. IL 61 801, USA. reported that dendritic block copolyrllers 
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