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Introduction 
• “Pre-aspiration”—[hp, ht, hk]—is usually employed as a 

cover term for a variety of configurations: 
homorganic spirant:   [fp, Åt, xk] 
vowel-influenced spirant:  [axk, iÅk] 
variation with vowel length:  [a:t]~[aht] 
 

• Just how rare are pre-aspirates? Far rarer than 
the secondary literature suggests. 

• Why are pre-aspirates so rare, and what accounts 
for their diachronic instability? Well-established 
principles of aerodynamics, acoustics, and 
audition. 

 
Survey of systems 

Secondary sources: Ruhlen 1975/6, Maddieson 1984, 
Steriade 1999. Primary sources as indicated. 
 

Tarascan (Foster 1969) 
• The alveolar pre-aspirates “var[y] to pre-sibilantization 

following a voiced vowel either word-medially or with 
intervening non-pausal juncture”: [st]. 

[}phAhtAni5] ~ [}phAstAni5]   to touch the metate 
[phAhtsItAni5] ~ [phAstsItAni5] to touch the table 
[kA}tSuhtSani5] ~ [kA}tSustSani5] to cut off one’s braid 

 
• Pre-aspirates which follow [I] freely vary with vowel 

length: [I:t] 
[}tsIhkuni5] ~ [}tsI:kuni5] to drop from one’s hand 

 
Gaelic (Borgstrøm 1940, 1941, Dorian 1978) 



  

• Ness and Bernera (on Lewis): Borgstrøm (1940): for 
[hc] and [htj], the preaspiration is “distinctly palatal, 
without being as narrow as Å” (p.21): [Å6c, Å6tj]. 

 
• Harris and Barra:  
• Distribution with velars: 

Following back/low vowels: [xk] 
[maxk]  son 

  [khrO$xk]  a small field  
  [sOxkirj]  quiet 
  [Séxk]  7 
 Following front non-low vowels: [Åk] 

[miÅkj]  sons 

  [fE$Åkjiù]  to see 
  [khreÅkj]  to sell 
 
• Distribution with alveolars, following [i]: [Åt] 

[ljiÅtjirj]  letter 
[iÅtO]  a feather 
 

• Skye and Ross-Shire dialects: “a very distinct and 
long h, frequently with a slight velar friction”: [x6t] 

 
Icelandic (Liberman 1978, 1982, Thráinsson 1978, 

Kingston 1990, Silverman 1997), and other 
Scandinavian languages

• Liberman’s (1982) survey of earlier reports on Icelandic: 
-Goodwin 1905, 1908: [fp, Qt, xk] 
-Einnarsson 1927: A non-laryngeal spirant after high 

vowels. 



  

-Fries 1977:   [xk], [Åt], etc. 
 
• Other Scandinavian languages (Liberman 1978:64ff): 
• Faroese: “Preaspiration is shorter and weaker than 

in Icelandic […] and sometimes sounds as a 
pharyngeal or a palatal fricative.” 

• Stockholm Swedish: “…[A] voiceless or voiced 
fricative homorganic to a preceding vowel or a 
subsequent consonant, i.e. it may be velar, dental, 
or labial.”: [xk, Åt, fp] “Sometimes preaspiration 
alternates with a [j]-like epenthetic sound or with the 
extra length of a preceding vowel…” 

• Härjedalen Swedish: “either [h] or [x].” 
• West Norwegian (Jæren): “Preaspiration varies in 

force and length and sometimes vanishes 
altogether…in spectrograms it is perceivable as a 
high frequency [s]-like noise.” 

 
• Liberman’s summary: “The place of its articulation is 

never fixed at one point: sometimes a pharyngeal 
noise seems to predominate, but more often than not 
it is assimilated to surrounding vowels and 
consonants…very few investigators have noticed (or 
even admitted) the influence of preceding and 
following sounds on Icelandic preaspiration, while in 
other languages the non-pharyngeal variants of 
preaspiration are perceived by all. The dynamic 
peculiarities of preaspiration in Icelandic…are much 
more salient in Faroese, Stockholm Swedish, and in 
Gimsøy and Senja.” 

 
• Lule Sami (Engstrand 1987): “pre-aspiration” is a 

cover term for various phonetic realizations of this 



  

series: “[T]he noise sound in question is frequently 
fricative rather than aspirative, particularly in the 
palatal and velar contexts.” 

 
Toreva Hopi, and other Hopi dialects (Whorf 1946) 
• “The pre-aspirates do not occur in Sipaulovi or 

Polacca, being replaced by plain stops, preceded by 
long vowels [[Vht] >> [V:t]]. 

• “…in Toreva h-clusters are very rare, and when they 
do occur, obviously something different from the 
preaspiration.” 
 

Eastern Ojibwa (Bloomfield 1957), and Cree (Horden 
1881) 

• Eastern Ojibwa fortis stops are “often preceded by a 
slight aspiration.”  

 
• Cree pre-aspiration: “It is usually breathed at the end 

of the syllable aspirated, and some words depend on 
the aspirate for their signification…But the aspirate is 
not uniformly observed, some tribes, and even 
members of the same tribe, aspirating their words 
very much more than others; it is therefore quite 
impossible to lay down strict rules for its observance.” 

 
Goajiro (Holmers 1949a) 

• “Rough h (or sometimes a weak Spanish jota)”: [x]; 
“the pre-aspiration, as in te‘ki· my head is not used by 
many speakers.” (p.49). 

• Many speakers have vowel length instead of the pre-
aspiration: [me:ke:ra] ~ [mehke:ra], [pe:ke:ra:] ~ 
[pehke:ra:]: [V:k]. 
 



  

Fox (Jones 1910 (revised by Michelson), Bloomfield 
1924) 

• Jones (/Michelson): [‘k, ‘t, ‘p]: “denotes a whispered 
continuant before the articulation of k, t, and p…it 
occurs also before h”: [xk, Åt, fp]. 

• “The closure is so gradual that the corresponding 
spirant is heard faintly before the stop, so that the 
combination is the reverse of the (af)fricative.”  

• Before labials: “ä‘py‘tci when he came is to be 
pronounced nearly as äfpy‘tci with bilabial f” 

• Before dentals: “audible hiss” before t, while the 
palatal also has a “hiss of breath” before oral closure. 
This “whispered continuant” also occurs before [h], 
and since the author(s) do not refer to this cluster as a 
geminate [h], this continuant is not laryngeal in origin. 

 
Huautla Mazatec (Pike and Pike 1947, Kirk 1966, 

Steriade 1994, Silverman 1995) 
• Pre-aspirated alveolar stops:   

[hti•]  fish 
[htse] a sore 
[htSi] small 

 
• Pre-aspirated velar stops:  [sk] clusters: 

[hka] stubble   [sk?ao] it will break 
 

• Proto-Mazatec:  *st        *sk 
               
Huautla Mazatec:  [ht]  [hk]      [sk] 
 



  

Summary of results:
Pre-aspiration is remarkably unstable both synchronically 

and diachronically 
Genuine across-the-board pre-aspiration is extremely rare

[hp, ht, hk] Icelandic (?), Oraibi Hopi 
When present, pre-aspirated stops typically vary with 

spirant-stop clusters. This spirant is typically homorganic 
to the following stop 

[hp, ht, hk] ~ [fp, Åt, xk] Tarascan, Gaelic, Stockholm 
Swedish, Lule Sami, Toreva Hopi 

(?), Fox 
The spirant is sometimes influenced by the preceding 

vowel quality 
[iht, aht] ~ [iÅkj, axk] Harris Gaelic, Barra Gaelic, 

Stockholm Swedish 
Pre-aspiration is often implemented as a velar spirant 

[xp, xt, xk] Red Point Gaelic, Goajiro, 
Härjedalen Swedish 

Pre-aspiration/pre-spirantization may vary with vowel 
length 

[Vhp, Vht, Vhk] ~ [V:p, 

V:t, V:k] 
Tarascan, Gaelic, Ojibwa, Cree, 
West Norwegian (Jæren), Hopi, 

Goajiro 
[fp, Åt, xk] ~ [V:p, V:t, 

V:k] 
Hopi, Goajiro 

Pre-aspiration may diachronically derive from [s]-stop 
clusters 

[st, sk] ~ [ht, hk] Mazatec 
Pre-aspirates/spirants are limited to stressed domains 
[}Vht]/[}VÅt] ~ [Vt] Tarascan, Ness Gaelic, Bernera 

Gaelic, Scandinavian, Hopi 



  

 
 

Aerodynamic, acoustic, and auditory 
disadvantages of pre-aspirated stops

• Post-aspirates: the transition interval from a voiceless 
stop into a following vowel is an especially salient 
acoustic event which involves the pressurized expulsion 
of air that has been trapped behind the oral occlusion. 

• The resulting high volume and velocity of particle flow 
produces an especially robust acoustic signal (at the 
burst, and the interval immediately following) which is 
particularly well-suited to bear contrastive information. 
 

• Pre-aspirates do not possess a stop closure immediately 
preceding the laryngeal abduction, there is no build-up of 
pressure to increase particle flow during the laryngeal. 

• Given the absence of a robust burst, the noise 
associated with pre-aspirates is not so saliently 
present in the signal. 

 



  

Qehkja (Icelandic):  broadband noise followed by silence, 
followed by sudden onset of periodicity, especially in 
formant regions: 

 
 
        
 
 
               
 
 
 
 
 pre-aspiration 

 
 
 
 
 

   Q     e                h  k      j        a
 
 
 



  

thé (Jalapa Mazatec): Silence followed by sudden 
onset of noise, especially in formant transition 
regions, followed by periodicity: 
 

 
         
 
 
 
 
 
 
 

t   h   é 

 
 
 
   

post-aspiration 
 
 
 
burst 

 
 
 
• Delgutte (1980): there is a pronounced peaking of 

auditory nerve activity at the sudden onset of spectral 
energy; the shorter the rise time, and the greater the 
intensity increase, the higher the peaking, but also the 
more precipitous the subsequent reduction in firing. 

• Short-term adaptation: the auditory nerve fires less 
robustly as the same sound continues to be produced 
over time. 

• Delgutte 1980: “In general, at the beginning of a speech 
segment, units tuned to the major frequency components 
of the preceding (adapting) segment would discharge at 
lower rates. Thus, short-term adaptation would increase 
contrast between successive segments in the profile of 



  

discharge rate versus CF [characteristic frequency]” 
(p.848). 

 
• Pre-aspiration is realized as a devoicing of the latter 

portion of the previous vowel. Thus there is little spectral 
shift in the transition from modal vowel to voicelessness. 

• Consequently, the auditory nerve undergoes short-term 
adaptation: neural discharge decays throughout the 
vowel-h sequence.  

• Bladon 1986: “Such temporal information as is imparted 
by preaspiration must in any case depend wholly on the 
detection of offsets—which does not make for a robust 
outlook...given that pre-aspiration suffers from an 
accumulation of auditory handicaps, it would not be 
a risky prediction that languages would rarely make 
use of this auditory-phonetic dinosaur.”  

 
Final discussion 

• So pre-aspirates are diachronically unstable. In order to 
salvage their contrastive function, an oral constriction 
might be introduced to enhance their noise 
characteristics, thus resulting in a series of pre-spirants, 
or “reverse affricates”:  

[hp, ht, hk]  [fp, Åt, xk] 
 

• Alternatively, all traces of noise might disappear from 
the acoustic signal, and vowel length may survive: 

[Vhp, Vht, Vhk]  [V(:)p, V(:)t, V(:)k] 
 

• Pre-aspiration best survives under stress. 



  

• As our typological study has demonstrated these are the 
patterns that are present is purported cases of pre-
aspiration. 

 
• In the case of Huautla Mazatec, at least some pre-

aspirates diachronically derive from [s]-stop clusters. 
However, there are no languages in the survey in which 
homorganic spirant-stop clusters vary with [s]-stop 
clusters (*[sp, st, sk] ~ [fp, Åt, xk]). 

• If the diachronic route from s-stop clusters to the pre-
spirantized stop first passes through a stage of unstable 
pre-aspiration, then the absence of this second pattern 
of variation may be accounted for. 

• Since some internal sound changes have been argued 
to proceed from the variability in speech production 
(Paul 1880, Martinet 1975, Ohala 1989, Janda and 
Joseph 2001), it follows that the form of immediate 
diachronic neighbors is constrained by the variability 
found at the synchronic level. 

• Consequently, as [s]-stop clusters vary with pre-
aspirates, and pre-aspirates vary with pre-spirantized 
stops and/or vowel length, then it follows that these 
sorts of variation will also be found among diachronic 
neighbors, for example, {sk–hk}, {hk–xk–(:)k}. 

• Moreover, as s-stop clusters are hypothesized to be 
diachronically non-adjacent to reverse affricates, we do 
not expect them to often vary with each other: *{sp-fp}, 
{sk-xk}. 



 
s-stop 
cluster: 

[sp, st, sk] 
 

loss of 
oral 

stricture: 
[hp, ht, hk] 

   
        ⎧
  ⏐
  ⏐
variability⎨
 
 

 ⏐
 ⎩

   or     
loss of 

aspiration:
[(:)p, (:)t, 

(:)k] 

 re-
introduction 

of oral 
stricture: 
[fp, Åt, xk] 
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• And indeed, this is exactly what our typological 
investigation has shown. 

 
References 
Anderson, Judy Lynne. 1989. Comaltepec Chinantec syntax. Studies in Chinantec Languages v. 3. 

Summer Institute of Linguistics. 
Anderson, J.L., I.H. Martinez, and W. Pace 1990. "Comaltepec Chinantec tone," in Syllables, tone, and 

verb paradigms. Studies in Chinantec languages v.4. W.R. Merrifield and C.R. Rensch, eds., 
Summer Institute of Linguistics, 3-20. 

Bergsland, Knut (1956) “Some problems of Aleut phonology,” For Roman Jakobson—essays on the 
occasion of his sixtieth birthday. Morris Halle, Horace G. Lunt, Hugh McLean, and Cornelis H. 
Van Schooneveld, eds., pp.38-43. The Hague: Mouton. 

Bladon, Anthony (1986) "Phonetics for Hearers," in G. McGregor, ed., Language for Hearers. Oxford : 
Pergamon Press, 1-24. 

Bloomfield, Leonard (1957) Eastern Ojibwa. University of Michigan Press. 
Borden, G.J., and Harris, K.S. (1984) Speech Science Primer. Baltimore : Williams and Wilkins. 
Borgstrøm, Carl HJ. (1940) The dialects of the Outer Hebrides. A linguistic survey of the dialects of 

Scotland, vol. 1. Norsk Tidsskrift for Sprogvidenskap, Supp. Bind 1, Oslo: Norwegian Universities 
Press. 

de Jong, Kenneth (1991) "An Articulatory Study of Consonant-Induced Vowel Duration Changes in 
English," Phonetica 48:1-17. 

de Krom (1994) Acoustic Correlates of Breathiness and Roughness. OTS Dissertation Series, Utrecht. 
Delgutte, Bertrand (1980) “Representation of speech-like sounds in the discharge patterns of auditory-

nerve fibers,” Journal of the Acoustical Society of America 68:843-847. 

  



  

Delgutte, Bertrand (1982) "Some Correlates of Phonetic Distinctions at the Level of the Auditory Nerve," 
in R. Carlson and B. Granström, eds., The Representation of Speech in the Peripheral Auditory 
System. Amsterdam : Elsevier Biomedical, 131-150. 

Denning, Keith (1989) The Diachronic Development of Phonological Voice Quality, with Special 
Reference to Dinka and the Other Nilotic Languages. Ph.D. dissertation, Stanford University. 

Dorian, Nancy C. (1978) East Sutherland Gaelic. Dublin: Dublin Institute for Advanced Studies. 
Einarsson, Stefán (1927) Beiträge zur Phonetik der Isländischen Sprache. Oslo: Brøgger. 
Fant, G. 1960. Acoustic theory of speech production. The Hague : Mouton. 
Fischer-Jørgensen, Eli (1970) "Phonetic Analyses of Breathy (Murmured) Vowels in Gujarati," Indian 

Linguistics 28:71-140. 
Foster, Mary LeCron (1969). The Tarascan Language. University of California Publications Linguistics 56. 
Fries, Ingegerd (1977) Lärobok i nutida isländska. Stockholm: Biblioteksförlaget. 
Fujimura, Osamu and M. Sawashima (1971) "Consonant Sequences and Laryngeal Control," Annual 

Bulletin of the Research Institute of Logopedics and Phoniatrics 5:1-7. 
Goldstein, Louis (1990) "On Articulatory Binding: Comments on Kingston's Paper," in J. Kingston and 

M.E. Beckman, eds., Between the Grammar and Physics of Speech--Papers in Laboratory 
Phonology I. Cambridge University Press, 445-450. 

Goodwin, Buergel H. (1905). “Det moderna isländska ljudsystemet. Några anmärkningar,” Svenska 
landsmål och svenskt folkliv 86:99-113. 

Gregerson, K.J.  (1976) "Tongue-Root and Register in Mon-Khmer," in P.N. Jenner, L.C.  
Hammarberg, B., B. Fritzell, B. Gauffin, J. Sundberg, and L. Wedin (1980) "Perceptual and Acoustic 

Correlates of Abnormal Voice Qualities," Acta Otolaryngolica 90:441-451. 
Hirose, H., C.Y. Lee, and T. Ushijima (1974) "Laryngeal Control in Korean Stop Production," Journal of 

Phonetics 2:145-152. 
Hirose, H., H. Yoshioka, and S. Niimi (1979) "A Cross Language Study of Laryngeal Adjustment in 

Consonant Production," in H. and P. Hollien, eds., Current Issues in the Phonetic Sciences: 
Proceedings of the IPS-77 Congress, Miami Beach Florida, 17-19th December 1977, Part I. 
Amsterdam : John Benjamins B.V., 165-179. 

Holmers, Nils M. (1949a) “Goajiro (Arawak) I: Phonology,” International Journal of American Linguistics 
15:45-56. 

Holmers, Nils M. (1949b) “Goajiro (Arawak) II: Nouns and associated morphemes,” International Journal 
of American Linguistics 15:110-120. 

Hombert, Jean-Marie (1978) “Consonant types, vowel quality, and tone,” in V. Fromkin, ed., Tone: a 
linguistic survey, New York: Academic Press, 77-111. 

Horden, John (1881) A grammar of the Cree language as spoken by the Cree Indians of North America. 
London: Society for Promoting Christian Knowledge. 

Huffman, Franklin E. (1985) "The Phonology of Chong," in S. Ratanakul, D. Thomas, and S. Premsrirat, 
eds., Southeast Asian Linguistic Studies Presented to Andre-G. Haudricourt. Bangkok : Mahidol 
University, 355-388. 

Jacobson, Leon C. (1980) "Voice-Quality Harmony in Western Nilotic Languages," in R.M. Vago, ed., 
Issues in Vowel Harmony. Amsterdam : Johns Benjamins, 183-200. 

Jones, William (revised by Truman Michelson) (1910). Algonquian (Fox), in Franz Boas, Ed., Handbook of 
American Indian languages, Part 1. Washington: Government Printing Office. 

Janda, Richard J., and Brian D. Joseph (2001) “Reconsidering the canons of sound change: towards a 
big bang theory,” paper presented at the International Conference on Historical Linguistics, 
Melbourne, Australia. 

Kiang, Nelson Y.S. (1980) Journal of the Acoustical Society of America 68:830-835. 
Kingston, J. (1985) The phonetics and phonology of the timing of oral and glottal events. Ph.D. 

dissertation, University of California at Berkeley. 
Kingston, John (1990) "Articulatory Binding," in J. Kingston and M.E. Beckman, eds., Between the 

Grammar and Physics of Speech--Papers in Laboratory Phonology I. Cambridge University 
Press, 406-434. 

Kingston, John (1994) "Change and Stability in the Contrasts Conveyed by Consonant Releases," in P. 
Keating, ed., Phonological Structure and Phonetic Form--Papers in Laboratory Phonology III. 
Cambridge University Press, 354-361. 

Kirk Paul L. (1966) Proto-Mazatec Phonology. Ph.D. dissertation, University of Washington. 
Kirk, Paul L. (1969) "The Development of Jalapa Mazatec Voiced Aspirates," Linguistic Society of 

America Annual Meeting, San Francisco. 



  

Kirk, Paul L., Jenny Ladefoged, and Peter Ladefoged (1984) "Phonological Representations of Breathy 
and Creaky Vowels in Jalapa Mazatec," Paper presented at the 23rd Conference on American 
Indian Languages, Denver. 

Kirk, Paul L., Jenny Ladefoged, and Peter Ladefoged (1991) "Acoustic Analysis of Jalapa Mazatec 
Complex Vowels," Paper Presented to the 47th International Congress of Americanists, New 
Orleans. 

Kirk, Paul L., Jenny Ladefoged, and Peter Ladefoged (1993) "Quantifying Acoustic Properties of Modal, 
Breathy, and Creaky Vowels in Jalapa Mazatec," in A. Mattina and T. Montler, eds., American 
Indian Linguistics and Ethnography in Honor of Lawrence C. Thompson. Occasional Papers in 
Linguistics 10, University of Michigan, 435-450. 

Ladefoged, Peter (1962) "Sub-Glottal Activity During Speech," in Proceedings of the Fourth International 
Congress of Phonetic Sciences.  Mouton and Company, 76-91. 

Ladefoged, Peter (1971) Preliminaries to linguistic phonetics. University of Chicago Press. 
Ladefoged, Peter (1975)  A Course in Phonetics.  Harcourt Brace Jovanovich. 
Ladefoged, Peter, and Ian Maddieson 1996. Sounds of the world's languages. Blackwell. 
Liberman, A. M., Cooper, F. S., Shankweiler, D. P. Studdert-Kennedy, M. (1967) Perception of the 

speech code. Psychological Review, 74, 431-461. 
Liberman, Anatoly (1978). “Pseudo-støds in Scandinavian languages,” Orbis 27.1:52-76. 
Liberman, Anatoly (1982). The Scandinavian languages. University of Minnesota Press. 
Löfqvist, Anders (1980) "Interarticulator Programming in Stop Production" Journal of Phonetics 8:475-

490. 
Löfqvist, Anders and H. Yoshioka (1980) "Laryngeal Activity in Swedish Obstruent Clusters," Journal of 

the Acoustical Society of America 68-3:792-801. 
Maddieson, Ian (1991) "Articulatory phonology and Sukuma "aspirated nasals"," Proceedings of the 

seventh annual meeting of the Berkeley Linguistics Society; special section on African language 
structures, 145-154. 

Maddieson, Ian (1984) Patterns of Sounds. Cambridge University Press. 
Maddieson, Ian (1986) "The Size and Structure of Phonological Inventories: Analysis of UPSID," in J.J. 

Ohala and J.J. Jaeger, eds., Experimental Phonology. Academic Press, 105-124. 
Mattingly, Ignatius G. (1981) "Phonetic Representations and Speech Synthesis by Rule," in T. Myers, J, 

Laver, and J. Anderson, eds., The Cognitive Representation of Speech. Amsterdam : North 
Holland Publishing Company, 415-419. 

Oftedal, Magne (1956). A linguistic survey of the Gaelic dialects of Scotland. Norsk tiddsskrift for 
sprogvidenskap, suppl. bind IV. 

Ohala, John J., (1989) Sound change is drawn from a pool of synchronic variation, Language Change: 
Contributions to the study of its causes, L.E. Breivik & E.H. Jahr (eds.), Mouton de Gruyter, 
Berlin. 173-198.  

Pace, Wanda Jane. (1990) "Comaltepec Chinantec verb inflection," in Syllables, tone, and verb 
paradigms. W.R. Merrifield and C.R. Rensch, eds. Studies in Chinantec languages v.4. Summer 
Institute of Linguistics, 21-62. 

Parker, Steve (1994). “Laryngeal codas in Chamicuro,” International Journal of American Linguistics 
60:261-71. 

Paul, Hermann (1880) Principien der Sprachgeschichte. Halle. 
Payne, David L. (1991). “A classification of Maipuran (Arawakan) languages based on shared lexical 

retentions,” in Desmond C. Derbyshire and Geoffrey K. Pullum, eds., Handbook of Amazonian 
languages, volume 3. Berlin, Mouton de Gruyter, 355-499. 

Pike, Kenneth L. and Evelyn V. Pike (1947) "Immediate Constituents of Mazateco Syllables," International 
Journal of American Linguistics 13.2:78-91. 

Recasens, D. 1983. "Place cues for nasal consonants with special reference to Catalan," Journal of the 
Acoustical Society of America 73.4:1346-1353. 

Ruhlen, Merritt (1975/6) A guide to the languages of the world. Language Universals Project, Stanford 
University. 

Silverman, Daniel (1995). Phasing and recoverability. Ph.D. dissertation, published by Garland, 1997. 
Silverman, Daniel (1996). “Phonology at the interface of morphology and phonetics: root-final laryngeals 

in Chong, Korean, and Sanskrit," Journal of East Asian linguistics 5:301-322. 
Silverman, Daniel (1997) “Laryngeal complexity in Otomanguean vowels,” Phonology 14.2:235-261. 
Silverman, Daniel, Barbara Blankenship, Paul Kirk, and Peter Ladefoged, 1995. “Phonetic structures in 

Jalapa Mazatec,” Anthropological Linguistics 37.1:70-88. 



  

Smith, R.L. (1979) “Adaptation, saturation, and physiological masking in single auditory-nerve fibers,” 
Journal of the Acoustical Society of America 65:166-178. 

Steriade, Donca (1994) "Complex Onsets as Single Segments: The Mazateco Pattern" in J. Cole and C. 
Kisseberth, eds., Perspectives in Phonology. CSLI Publications, Stanford University, 203-292. 

Steriade, Donca (1999) “Alternative to syllable-based accounts of consonantal phonotactics,” " in 
O.Fujimura B. Joseph and B. Palek (eds.) Proceedings of the 1998 Linguistics and Phonetics 
Conference, The Karolinum Press, 205-242 

Thonkum, Therapan L. (1991) “An instrumental study of Chong registers,” in J. Davidson, ed., Essays on 
Mon-Khmer linguistics in honor of H.L. Shorto, School of Oriental and African Studies, University 
of London, London, pp. 141-160. 

Tyler, R.S., Q. Summerfield, E.J. Wood, and M.A. Fernandez 1982. "Psychoacoustic and phonetic 
temporal processing in normal and hearing-impaired listeners," Journal of the Acoustical Society 
of America 72:740-752. 

Whorf, Benjamin (1946). “The Hopi language, Toreva dialect,” Linguistic Structures of Native America. 
Viking Fund publications in Anthropology 6:158-183. 

Yoshioka, H., A. Löfqvist, and H. Hirose (1981) "Laryngeal Adjustments in the Production of Consonant 
Clusters and Geminates in American English," Journal of the Acoustical Society of America 70-
6:1615-1623. 

Yoshioka, H., A. Löfqvist, and H. Hirose (1982) "Laryngeal Adjustments in Japanese Voiceless Sound 
Production," Journal of Phonetics 10:1-10. 


	Survey of systems
	Fox (Jones 1910 (revised by Michelson), Bloomfield 1924)
	Hopi, Goajiro
	Mazatec
	Pre-aspirates/spirants are limited to stressed domains

	Final discussion



